
INTERSTELLAR GAS CLOUDS AND GEN. ED. ASTRONOMY STUDENTS:

WHO ARE THEY? HOW DO THEY BEHAVE?

by

Wayne Michael Schlingman

A Dissertation Submitted to the Faculty of the

DEPARTMENT OF ASTRONOMY

In Partial Fulfillment of the Requirements
For the Degree of

DOCTOR OF PHILOSOPHY

In the Graduate College

THE UNIVERSITY OF ARIZONA

2 0 1 2



2

THE UNIVERSITY OF ARIZONA

GRADUATE COLLEGE

As members of the Dissertation Committee, we certify that we have read the
dissertation prepared by Wayne Michael Schlingman entitled “Interstellar Gas
Clouds and Gen. Ed. Astronomy Students: Who are they? How do they be-
have?” and recommend that it be accepted as fulfilling the dissertation require-
ment for the Degree of Doctor of Philosophy.

Date: 11 July 2012
Yancy Shirley

Date: 11 July 2012
Edward Prather

Date: 11 July 2012
Don McCarthy

Date: 11 July 2012
Chris Impey

Date: 11 July 2012
Chris Walker

Final approval and acceptance of this dissertation is contingent upon the candi-
date’s submission of the final copies of the dissertation to the Graduate College.

I hereby certify that I have read this dissertation prepared under my direction
and recommend that it be accepted as fulfilling the dissertation requirement.

Date: 11 July 2012
Dissertation Director: Yancy Shirley

Date: 11 July 2012
Dissertation Director: Edward Prather



3

STATEMENT BY AUTHOR

This dissertation has been submitted in partial fulfillment of requirements for
an advanced degree at The University of Arizona and is deposited in the Univer-
sity Library to be made available to borrowers under rules of the Library.

Brief quotations from this dissertation are allowable without special permis-
sion, provided that accurate acknowledgment of source is made. Requests for
permission for extended quotation from or reproduction of this manuscript in
whole or in part may be granted by the head of the major department or the
Dean of the Graduate College when in his or her judgment the proposed use of
the material is in the interests of scholarship. In all other instances, however,
permission must be obtained from the author.

SIGNED: Wayne Michael Schlingman



4

ACKNOWLEDGMENTS

After 8 years here at Steward Observatory the list of people I should thank is
enormous.

To start with I would like to thank the people instrumental in helping me com-
plete my research. My advisers Ed Prather and Yancy Shirley have helped me
grow as a scientist and given me opportunities I could have never even hoped
for. I would like to thank Don McCarthy for allowing me to be a part of his
Astronomy Camps that have helped me realize what I want to do with my ca-
reer and also for the constant guidance and support even through tough times.
I would like to thank the operators (John Downey, Patrick Fimbres, Sean Keel,
and Bob Moulton) and the staff of the Arizona Radio Observatory for their ex-
cellent assistance and advice through numerous observing sessions. Other as-
tronomers and researchers who have helped me along the way are: Jill Bech-
told, Matthew Kenworthy, Craig Kulesa, Eric Hooper, Glen Langston, John Bally,
Guy Stringfellow, Adam Ginsburg, Cara Battersby, Neal Evans, Jason Glenn, Erik
Rosolowsky, John Beiging, Gina Brissenden, Colin Wallace, Sebastian Cormier,
Carol McCarthy, Philip Massey, Nicole Kersting, Sanlyn Buxner, Ed Olszewski,
and many many more.

The next group are people who I owe my continued existence. Michelle Cornoyer,
Erin Carlson, Treva Dickerson, Sharon Jones, Christina Siqueiros, Susan Warner,
Kym Fash, Catalina Diaz-Silva, Patty Esterline, Cathi Duncan, and many other
staff members who have saved my rear numerous times; Thank you for your
tireless efforts.

I am forever indebted to many undergraduate and graduate students of Stew-
ard Observatory, specifically, Krystal Tyler, Vanessa Bailey, Jane Rigby, Andrea
Leistra, Kate Follette, Brandon Swift, David Lesser, Jenna Kloosterman, Megan
Reiter, Wiphu Rujopakarn, Nathan Stock, Johanna Teske, Richard Cool, Karen
Knierman, Patrick Young, Andras Gaspar, Moire Prescott, Christian Finlator, Emmy
Tenenbaum, Beth Biller, Kris Eriksen, Jenn Donley, Kevin Hardegree-Ullman,
Katie Nagy, Amy Robertson, Kelsey Stewart, Mandy Proctor, Maki Hattori Jack-
son, Nicole Baugh, and anyone I have forgotten to list.

Last but not least, I cannot forget my family and friends who put up with my
journey for 8 long years. I love you all and thank you.



5

DEDICATION

This thesis is dedicated to my family:

My parents, Anne and Wyatt Schlingman,

My brothers, Danny and Bryan

All who encouraged me along the way and brightened many days.

I would also like to dedicate this thesis to Astronomy Camp and the hundreds

of campers and counselors who supported me along the journey and called me

each summer to a place where science is an adventure and wonder still rules our

dreams.

THIS is thy hour O Soul, thy free flight into the wordless,

Away from books, away from art, the day erased, the lesson done,

Thee fully forth emerging, silent, gazing, pondering the themes thou lovest best.

Night, sleep, and the stars.

–Walt Whitman, from Leaves of Grass



6

TABLE OF CONTENTS

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

CHAPTER 1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . 21

CHAPTER 2 THE BOLOCAM GALACTIC PLANE SURVEY V: HCO+ AND N2H+

SPECTROSCOPY OF 1.1 MM DUST CONTINUUM SOURCES . . . . . . . . . 28
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.2 Observations, Calibrations, and Reduction . . . . . . . . . . . . . . 33

2.2.1 Facility and Setup . . . . . . . . . . . . . . . . . . . . . . . . . 33
2.2.2 Calibration and Sideband Rejections . . . . . . . . . . . . . . 34
2.2.3 Source Selection . . . . . . . . . . . . . . . . . . . . . . . . . 39
2.2.4 Data Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . 42
2.2.5 Analysis Pipeline . . . . . . . . . . . . . . . . . . . . . . . . . 45

2.3 Detection Statistics and Analysis . . . . . . . . . . . . . . . . . . . . 48
2.3.1 Detection Statistics . . . . . . . . . . . . . . . . . . . . . . . . 48
2.3.2 Integrated Intensity and Peak Line Temperature Analysis . 53
2.3.3 Velocities and Linewidths . . . . . . . . . . . . . . . . . . . . 59

2.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
2.4.1 Kinematic Distances . . . . . . . . . . . . . . . . . . . . . . . 61
2.4.2 Resolving the Distance Ambiguity . . . . . . . . . . . . . . . 65
2.4.3 Size-Linewidth Relation . . . . . . . . . . . . . . . . . . . . . 70
2.4.4 Mass Calculations . . . . . . . . . . . . . . . . . . . . . . . . 75

2.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

CHAPTER 3 KFPA MAPPING OF NH3 IN THE G111 INFRARED DARK CLOUD

FILAMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
3.2 Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

3.2.1 GBT Maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
3.2.2 GBT Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . 175
3.2.3 HHT Maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176
3.2.4 IRAM NH2D Pointed Observations . . . . . . . . . . . . . . 178

3.3 Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
3.3.1 Filament Structure . . . . . . . . . . . . . . . . . . . . . . . . 179
3.3.2 Characterizing Integrated Intensities and Peak Line Tem-

peratures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
3.3.3 NH3 Model Fitting . . . . . . . . . . . . . . . . . . . . . . . . 189



7

TABLE OF CONTENTS — Continued
3.3.4 Linewidth and non-thermal support . . . . . . . . . . . . . . 192
3.3.5 1.1 mm dust continuum emission versus molecular properties195

3.4 Sorting out an Evolutionary Sequence . . . . . . . . . . . . . . . . . 199
3.4.1 Activity inside BGPS sources and peak positions . . . . . . . 201
3.4.2 Activity at NH3 peaks . . . . . . . . . . . . . . . . . . . . . . 202

3.5 Summary & Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . 211

CHAPTER 4 A CLASSICAL TEST THEORY ANALYSIS OF THE LIGHT AND

SPECTROSCOPY CONCEPT INVENTORY NATIONAL STUDY DATA SET . . 214
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
4.2 LSCI Item Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
4.3 LSCI Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
4.4 Student Gains on the LSCI . . . . . . . . . . . . . . . . . . . . . . . . 224
4.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
4.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230

CHAPTER 5 SUMMARY AND FUTURE STUDY . . . . . . . . . . . . . . . . . 232

APPENDIX A THE RELATIONSHIP BETWEEN σT AND σI FOR A GAUSSIAN

LINE PROFILE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240



8

LIST OF FIGURES

2.1 Calibrations of Jupiter, S140, and W75(OH) versus MJD for the
USB and LSB. For almost all observing sessions, ηmb and I(T∗

A) are
well behaved and consistent from day to day. At MJD − 245400
= 918 – 920, there were 3 days where ηmb in Vpol was significantly
lower than the rest of the observations; this is also seen in the two
line calibration sources in both sidebands. These days were taken
to be independent and calibrated with the average values of ηmb

for those 3 days as shown in Table 2.1. . . . . . . . . . . . . . . . . . 36
2.2 The two upper panels, (a) and (b), plot ηmb determined from the

USB and LSB for each polarization. The two lower panels, (c) and
(d), compare the two polarization feeds against each sideband. The
Spearman’s rank coefficients are printed in the upper left corner of
each plot. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.3 40′′ aperture fluxes for all of the BOLOCAT V1.0, solid blue line,
and 40′′ aperture fluxes for the BOLOCAT v0.7 positions that were
observed with the HHT as determined from the v1.0 maps, dotted
red line. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.4 Galactic Longitude versus Galactic Latitude plot and histogram
for the “Full Sample” (a) and the “Deep Sample” (b) of sources.
The spikes in the histogram around ℓ =+10, +20 and +80 degrees,
are due to the deep survey that was done after the initial survey
was completed. The peaks at ℓ = +25, +30, and +50 degrees, are
due to the intrinsic number of sources in those areas. For ℓ >+90
degrees, these sources represent star formation complexes in the
outer galaxy regions observed by the BGPS. . . . . . . . . . . . . . . 44

2.5 Sample HCO+ spectra of the 4 main flag types. (a) flag = 1 – single
detection. (b) flag = 2 – multiple detections. (c) flag = 4 – Line
wing(s). (d) flag = 5 – Self-absorbed spectrum. . . . . . . . . . . . . 44

2.6 Histograms of the baseline rms. (a) and σI (b)for all sources. Noise
levels are lower than 100 mK rms in the baseline for the vast ma-
jority of sources (94% for HCO+ and 89% for N2H

+). The median
baseline rms for HCO+ and N2H+ are 53.8 mK and 58.6 mK re-
spectively. In σI , the median errors are 0.124 K km s−1 and 0.138
K km s−1 for HCO+ and N2H

+ respectively. . . . . . . . . . . . . . . 47



9

LIST OF FIGURES — Continued
2.7 A histogram of HCO+ FWHM determined from the Gaussian fit

to the spectrum. The Gaussian fits were computed using the MP-
FIT package also described in §2.2.5.2. The median of the distri-
bution of FWHM is 2.9 km s−1. As a comparison, the median
of the FWHM from the second moment calculation is 2.3 km s−1.
The Gaussian linewidths for N2H

+ are broadened due to hyperfine
splitting and are not shown here. Fitting the hyperfine structure of
N2H

+ leads to a median FWHM of 3.5 km s−1 and are shown as
the red curve. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

2.8 Detection statistics for HCO+ and N2H
+ for all 1882 sources. We

detect 76.7% of our sources in HCO+ and 50.5% in N2H+ at the
3σ level. Out of our “Deep Sample” N = 707, we detect 73.3% of
sources in HCO+ and 41.2% of sources in N2H

+. . . . . . . . . . . . 50
2.9 To see how detection statistics change with 1.1 mm flux we plot

the percentage of detected sources versus the percentile of its flux
(e.g. the 25% of sources, by number, with the lowest flux, etc.). The
highest percentile has a 99% detection rate in HCO+ and a 88%
detection rate of N2H

+. . . . . . . . . . . . . . . . . . . . . . . . . . . 50
2.10 (a) A histogram of integrated intensity of HCO+ and N2H

+ for the
“Full Sample” of sources. These histograms are not scaled with
respect to each other. They are logarithmically binned. Note the
lack of sources with bright N2H+ J = 3 − 2 emission and that
HCO+ sources are on average brighter than the N2H

+. The median
3σI(HCO+) = 0.37 K km s−1 and median 3σI(N2H+) = 0.41 K km s−1.
(b)A histogram of peak line temperatures of HCO+ and N2H

+ for
the “Full Sample” of sources. These histograms are not scaled with
respect to each other. They are logarithmically binned. While it
is apparent from the T versus T plots that HCO+ has a typically
higher line temperature it is clear from these distributions there
are two different cutoffs for the peak line temperature of HCO+

and N2H
+. The average 3σTpk(HCO+) = 0.16 K and the average

3σTpk(N2H+) = 0.17 K. . . . . . . . . . . . . . . . . . . . . . . . . . . . 54



10

LIST OF FIGURES — Continued
2.11 A comparison of the integrated intensities and line temperatures

of HCO+ and N2H
+ for the “Full Sample” of sources. The light

blue circles represent the 952 sources that have both an HCO+ and
N2H

+ detection and the blue contours overlaid represent the den-
sity of points on the plot. The light red circles are HCO+ detec-
tions and 3σ N2H

+ upper limits. The red contours represent these
points. The green circles are detections in N2H

+ that do not have a
corresponding 3σ HCO+ detection and are upper limits for HCO+.
The solid line plotted is the 1-1 line and the dotted line represents
the best fit to the data. (a) A comparison of the integrated intensi-
ties (K km s−1) of HCO+ and N2H

+. The slope of the best fit line
is m = 0.82. (b) A comparison of the Peak line temperatures in
Kelvin of HCO+ and N2H

+. The average source has a higher line
temperature (Tmb) in HCO+ than N2H+ by a factor of ∼ 2. The
slope of the bestfit line is m = 0.83. . . . . . . . . . . . . . . . . . . . 55

2.12 The two top figures, (a) and (b), show the integrated intensity of
the molecular line versus the 1.1 mm flux/beam from the BOLO-
CAT v0.7 positions on the v1.0 maps. The light blue circles are the
sources detected in HCO+(a), the light red circles are 3σ upper lim-
its to the HCO+ line strength. The blue and red contours trace the
density of points on the plot. The second panel (b) is the same plot
but N2H+ integrated intensity is used instead. There is a strong
correlation between the molecular emission and the dust emission
ρHCO+ = 0.80 and ρN2H+ = 0.73. The dotted line is the best fit to
the blue points. We find the slopes of the two distributions to be
mHCO+ = 1.15 and mN2H+ = 1.28. The two lower figures, (c) and
(d), show the peak line temperature of the molecular line versus
the 1.1 mm flux/beam from the Bolocat v0.7 positions on the v1.0
maps. The symbols are the same as the previous two plots. There
is a strong correlation between the line temperature of the molecu-
lar emission and the dust emission ρHCO+ = 0.75 and ρN2H+ = 0.73.
We find the slopes of the two distributions to be mHCO+ = 0.88 and
mN2H+ = 0.98. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

2.13 Ratio of molecular emission versus 1.1 mm flux/beam for all sources
detected in both HCO+ and N2H

+. The ratio of integrated inten-
sities (a) and peak line temperatures (b) versus 1.1 mm emission
are presented in these plots. The points in both diagrams are not
well correlated with ρ = −0.1 for (a) and ρ = −0.2 for panel (b).
The solid lines are where the ratio equals 1.0 and the dotted lines
represent the median of the ratios for each panel, (a) 1.81, (b) 1.69. . 59



11

LIST OF FIGURES — Continued
2.14 (a) The HCO+ vLSR determined from the Gaussian fit for each de-

tected source versus Galactic longitude. The envelope formed by
the largest velocity at each ℓ represents the tangent velocity. (b) The
comparison of vLSR of HCO+ and N2H

+. The scatter in the data
is 0.71 km s−1 which is smaller than the width of a channel. (c)
The HCO+ linewidth determined from the Gaussian fit versus the
Galactic longitude of each source. We also plot the median FWHM
within bins in ℓ to emphasize any overall trends. There does not
appear to be any strong relationship with ℓ. . . . . . . . . . . . . . . 60

2.15 (a) The HCO+ linewidth determined from the Gaussian fit versus
the integrated intensity of the HCO+ line. There is a moderate
correlation, with a Spearman’s Rank Coefficient of ρ = 0.60. (b)
The HCO+ linewidth determined from the Gaussian fit versus the
1.1 mm flux per beam from the BOLOCAT v0.7 positions, light blue
circles. There is a lot of scatter but there is a moderate correlation
between linewidth and 1.1 mm dust emission, ρ = 0.54. . . . . . . 61

2.16 Kinematic distance versus Galactic longitude for all sources de-
tected and do not have a flag of 2. The near and far distances are
shown in blue circles and red boxes respectively. This version of
the plot accentuates the number of sources that lie near the tan-
gent points at each ℓ. . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

2.17 (a) Histogram of Galactocentric distance of all sources with a single
HCO+ detection. (b) Linewidth versus Galactocentric distance. (c)
I(TMB, HCO+) versus Galactocentric distance. (d) I(TMB, N2H

+)
versus Galactocentric distance. (e) 1.1 mm dust emission versus
Galactrocentric distance. (f) Mass Surface Density (Σ) versus Galac-
trocentric distance. We overplot the median values the source prop-
erties in 1.5 kpc bins to look at trends in the data, only bins with
N > 20 sources are plotted. In all cases the sources in the outer
galaxy have smaller median values than those in the first quad-
rant. This is most apparent in panel (f) the Mass Surface Density
plot. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

2.18 A histogram of Heliocentric Distance for the Known Distance Sam-
ple of sources with the distance ambiguity resolved. The median
of the distribution is 2.65 kpc. The spike of sources that lies around
1 kpc are sources that are in the range of ℓ = 80−85◦ and sources in
the outer Galaxy. We use other distance measurements for sources
in these regions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69



12

LIST OF FIGURES — Continued
2.19 Face on view of Galactic structure. Using the kinematic distances

determined along with the Galactic longitude we make a polar
plot presenting the face on view of the Milky Way. Sources in the
Known Distance Sample are plotted as green triangles. In the first
quadrant of the galaxy, sources with an unresolved distance am-
biguity are plotted in blue circles and red boxes for the near and
far distance respectively. These points are plotted twice to repre-
sent the distance ambiguity for those not associated with an object
that breaks the degeneracy. The large orange circle represents the
Galactic Center and the Sun is located at the origin. . . . . . . . . . 70

2.20 (a) The histogram of the source sizes, in pc, as determined from the
distance and the angular size in BOLOCAT v1.0 for the sources in
the Known Distance Sample. The median source size is 0.752 pc
and is shown by the dotted line. (b) shows the radius of each
source versus the distance from us. This trend is primarily from
the fact the radius is a function of distance for a given source size.
The line plotted is the source size that corresponds to our beamsize
at each distance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

2.21 (a) Size linewidth relationship of the 529 sources that have deter-
mined distances. Overplotted is the Larson relationship from Lar-
son (1981), black line. While it runs through the middle of our
data, there is not enough of a trend to determine anything about it.
Also plotted are the two powerlaws from Caselli and Myers (1995),
R.21 (light red line) for high mass and R.53 (light blue line) for low
mass. (b) Virial linewidth versus observed linewidth shows that
our clumps are not dominated by motions due to self gravity with
the majority of sources with observed linewidths larger than the
virial linewidth. (c & d) Observed linewidth (1/e-width) vs surface
density / mass compared with the virial parameter α. The colored
lines represent different values of the virial parameter. This plot
also shows that few of the clumps have a virial parameter less than
1 and are fully gravitationally bound. . . . . . . . . . . . . . . . . . 74



13

LIST OF FIGURES — Continued
2.22 (a) Histogram of observed masses as determined from the 1.1 mm

dust emission for the Known Distance Sample. The median of this
distribution is 320 M⊙ and the mean is 1272 M⊙. Our complete-
ness limit is ∼ 140 M⊙ shown by the black dotted line based on a
source of 1 Jy (above which we observe every object in the BOLO-
CAT) at our median distance. (b) The distribution of masses versus
the distance from us. The main trend in this plot is due to dis-
tance dependence of the conversion from flux to mass, M ∝ D2.
The black dotted line represents the mass corresponding to our
minimum flux versus distance. The red dotted line represents a
1 Jy source versus distance. (c) Differential mass histogram with
dlogM = 0.3 (binsize) assuming Td = 20K. The black dotted line
is our completeness limit, see (a). The slope of the line is fit from
the largest mass peak of the distribution to the highest masses. The
slope determined for this “binned” differential mass histogram is
m = −0.70 which is not the slope we determine from the MLE
analysis of m = −0.91. This difference is directly caused by the
fact we have binned the data and will change based on the way
one choses the binsize. . . . . . . . . . . . . . . . . . . . . . . . . . . 77

2.23 (a) The volume-averaged number density for the “Known Distance
Sample”. The median value is 2.4× 103 cm−3 (red dotted line). We
are complete to ∼ 1300 cm−3 (black dashed line). (b) ∆v versus
the average density. (c) The average volume density of a source
versus distance. We are able to measure higher densities for closer
sources because source size increases with distance given our fi-
nite beamsize. Only nearby sources can be fully resolved. The red
line indicates our volume-averaged number density completeness
vs distance for a ∼ 140 M⊙ object, Mass completeness limit, with
size equal to the beamsize, minimum resolved source size. (d) The
clump free-fall timescale and the clump crossing time scales. The
median free-fall time is ∼ 8× 105 years. The median crossing time
is ∼ 5× 105 years. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

2.24 (a) The variation of the power law index with choice of temper-
ature distribution. (b) A Monte Carlo simulation of the median
mass with variations in temperature. The units are in M⊙. (c) A
Monte Carlo simulation of the median volume-averaged number
density with variations in temperature. The units are in cm−3. (d)
A Monte Carlo simulation of the median surface density for varia-
tions in Tdust. The units are g cm−2. . . . . . . . . . . . . . . . . . . . 84



14

LIST OF FIGURES — Continued
2.25 (a) The surface density for the entire sample assuming Tdust = 20 K.

The median value is 0.027 g cm−2. The completeness limit for the
entire sample is 0.051 g cm−2 which is based on a source of 1 Jy
coupled with the beamsize (black dashed line). (b) The surface
density histogram for the Known Distance Sample. The median
value is 0.033 g cm−2. The completeness limit for the Known Dis-
tance Sample is 0.016 g cm−2 which is based on mass completeness
and the median size of a clump (black dashed line). . . . . . . . . . 86

3.1 Images of the G111 IRDC filament in I(Tmb). (a : top-left) Image of
the G111 IRDC filament at 1.1 mm dust continuum emission map
from the BGPS version 2.0. This image includes the ’J’-shaped fil-
ament along side NGC 7538 to the right. The BGPS source ellipses
are marked in this image. Small green circles are placed at the
v1.0 BGPS peak positions where we performed pointed observa-
tions. (b : top-middle) The NH3 (1,1) peak line temperature map
of the ’J’-shaped filament taken from with the KFPA on the GBT.
The (1,1) emission follows the dust emission very closely. (c : top-
right) The peak line temperature map of the NH3 (2,2) line. While
much fainter, (2,2) emission is detected along the majority of the
filament. Its strongest at the same locations where the 1 mm emis-
sion is also strongest. (d : bottom-left) The H2O maser peak line
temperature map showing the locations of the H2O masers spots.
(e : bottom-middle) Integrated intensity map for HCO+ J=3-2. (f
: bottom-right) N2H

+ J=3-2. N2H
+ is far weaker than the HCO+

emission along the filament. The HCO+ traces the NH3 and dust
well. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180

3.2 17 pointed NH3 (1,1) and (2,2) spectra with model fits. The (2,2)
data is 0.1 Kelvin below the baseline for easier visibility. . . . . . . . 187

3.3 Maps of the G111 filament representing some of the modeled quan-
tities from fitting the NH3 spectra. (a) shows the kinetic tempera-
ture (Tk) of the gas using both the (1,1) and (2,2) sets of lines to
model each spectrum. The median temperature of the gas is 14.7 K
lying mostly between 10K and 20K. (b) shows the logarithm of the
modeled column density along the filament, log10(NNH3

(N/cm2)).
(c) shows the best fit VLSR for the NH3 (1,1) emission along the fil-
ament. The mean velocity is ∼-52 km s−1. The two areas where
there is a sharp discontinuity in velocity are locations with two
NH3 velocity components of changing intensities. . . . . . . . . . . 188



15

LIST OF FIGURES — Continued
3.4 (a) Histogram of both the NH3 kinetic temperature (black) and the

excitation temperature (blue-filled). Most of the gas is very sub-
thermally populated. (b) Histogram of the NH3 (1,1) column den-
sities. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

3.5 (a) shows the 1/e linewidth along the filament from the model fit
to the NH3 spectra. There are two regions that have overlapping
velocity components where the line width is artificially larger than
a single component. The median thermal linewidth for NH3 is 0.08
km s−1 which is nearly zero when subtracted from the observed
linewidth in quadrature and is therefore not shown. (b) Map of
the HCO+ first moment line of sight velocity. (c) Map of the HCO+

FHWM determined from gaussian fitting. (d) vlsr for NH3 (1,1)
versus vlsr HCO+ J=3-2. The black line is 1:1. (e) Histogram of
3-σ detected 1/e linewidth for NH3 (1,1) (black) and HCO+ J=3-2
(Blue-filled). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193

3.6 (a) The integrated intensity of NH3 (1,1) in K km s−1 versus the
1.1 mm dust continuum flux in Jy per beam from the BGPS map.
Both the integrated intensity and the BGPS flux are restricted to
be above 5-σ, leaving ∼ 4500 discrete points. (b) Modeled Kinetic
Temperature versus the 1.1 mm dust continuum emission. The ki-
netic temperature data points are restricted to those described in
model fitting. No restriction has been made for the 1.1 mm flux. (c)
Column Density versus the H2 column density determined from
the 1.1 mm BGPS flux along the filament. (d) Linewidth versus
1.1 mm dust continuum emission. . . . . . . . . . . . . . . . . . . . 196

3.7 (a) Integrated intensity of NH3 (1,1) versus HCO+ J=3-2 integrated
intensity (b) Integrated intensity of NH3 (1,1) versus N2H+ J=3-2
integrated intensity (c) Integrated intensity of N2H

+ J=3-2 versus
HCO+ J=3-2 integrated intensity . . . . . . . . . . . . . . . . . . . . 197

3.8 (a) The model fit NH3 column density versus the dust determined
H2 column density using Tdust=Tk. (b) The HCO+ column density
versus the dust determined H2 column density using Tdust=Tk and
Tex(HCO+) = 5 K. (c) The model fit NH3 column density versus the
HCO+ column density using Tex(HCO+) = 26.6 K. (d) The model
fit NH3 column density versus the N2H

+ column density using
Tex(N2H+) = 27.7 K. (e) A map of the relative abundance of NH3 to
dust determined H2. Scale in log units. . . . . . . . . . . . . . . . . . 182



16

LIST OF FIGURES — Continued
3.9 This region provides an example of the activity analysis. The top

left panel is the 1.1mm dust continuum map from BGPS V2.0, the
top right panel is the line temperature signal to noise ratio map for
NH3 (1,1), the bottom left is the 22µm WISE image, and the bottom
right panel is the H2O maser map. Each of these images has many
region files overlaid. The green ovals are the original BGPS v1.0
sources, the red circles are locations of bright shocked H2, The red
and blue x’s are locations of CO outflows, the yellow circles are
locations of 10-sigma NH3 peaks, and lastly the magenta circles
are the locations of the BGPS v1.0 peaks. The yellow and magenta
circles are 30′′ in diameter. . . . . . . . . . . . . . . . . . . . . . . . . 200

3.10 (a) Histogram of the activity levels defined in Table 3.5. The num-
ber of active versus inactive sources is almost equal. (b) Histogram
of the nearest neighbor distances for NH3 peaks. The median dis-
tance between sources is 54′′which is about twice our beamsize.
The filled histogram is the median size of all The dashed line is
the size of the GBT beam. (c) Histogram of the physical NH3 peak
separations (black histogram) and NH3 beam deconvolved source
sizes (filled histogram). (d) In this plot, the activity levels are color
coded and NH3 (1,1) and (2,2) Tmb are plotted against each other.
The diamonds are individual sources and the much larger circles
represent the mean for that activity level. The trend is the more
active/evolved a source is the brighter the NH3 emission. . . . . . 207

3.11 (a) Histogram of of column density colored by activity level for the
source listed in Table 3.5. (b) Histogram of of kinetic temperature
colored by activity level for the source listed in Table 3.5. The data
in this histogram were restricted to have a 5-σ detection in NH3

(2,2). (c) Histogram of linewidth colored by activity level for the
source listed in Table 3.5. (d) Histogram of the NH3 determined
virial masses assuming Tk = Td and source sizes equal to the beam
deconvolved FWHM of the NH3 peaks. . . . . . . . . . . . . . . . . 208

4.1 The pre-test difficulty and post-test difficulty for each item of the
LSCI are plotted along the horizontal and vertical axes respectively.
Items that becomes easier to answer after instruction will lie below
the diagonal line. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220

4.2 The pre-test discrimination and post-test discrimination for each
item of the LSCI are plotted along the horizontal and vertical axes
respectively. Items that increase in discrimination after instruction
will lie above the diagonal line. . . . . . . . . . . . . . . . . . . . . . 220



17

LIST OF FIGURES — Continued
4.3 The difference in difficulty, post- minus pre-, for each item of the

LSCI, is plotted on the horizontal axis. Items that become easier
post-instruction will be farther to the left along the horizontal axis.
The difference in discrimination, post- minus pre-, for each item,
is plotted on the vertical axis. Items with an increased discrimina-
tion value post-instruction will be farther up the vertical axis. The
items showing improvement due to instruction are shown above
the horizontal line and to the left of the vertical line. . . . . . . . . 221

4.4 The post-test score versus pre-test score for the 1881 students with
matched data (blue circles). The different shades of blue represent
the number of students that have the pre-test post-test score com-
bination at a given point. The line provided identifies the location
of equal pre- and post-test scores. . . . . . . . . . . . . . . . . . . . . 226

4.5 The normalized gain versus pre-test score for the 1881 students
with matched data (blue triangles). The horizontal line is the zero
normalized gain line. Any point below this line corresponds to stu-
dents that did worse post-instruction than they did pre-instruction. 226

4.6 Item 3 from the LSCI. . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
4.7 Item 21 from the LSCI. . . . . . . . . . . . . . . . . . . . . . . . . . . 229
4.8 Item 25 from the LSCI. . . . . . . . . . . . . . . . . . . . . . . . . . . 230



18

LIST OF TABLES

2.1 ηmb for each polarization and sideband. The errors are the standard
deviation of all main beam efficiencies for the dates specified. . . . 35

2.2 Line Flags . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
2.3 Summary of log fit parameters . . . . . . . . . . . . . . . . . . . . . 58
2.4 Data Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
2.5 Table of computed quantities† . . . . . . . . . . . . . . . . . . . . . . 153

3.1 Frequency setup for pointed observations as K-band and Q-Band . 175
3.2 The average gain factors for each of the 7 beams and each polariza-

tion of the KFPA used to assemble the NH3 maps. The additional
observing sessions listed modify the average gains per beam by
the factor listed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

3.3 Water Maser Info . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
3.4 BGPS Peak; Source Activity . . . . . . . . . . . . . . . . . . . . . . . 203
3.5 NH3 Peak Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

4.1 The LSCI’s items’ difficulties and discriminations, calculated for
both pre-and post-instruction student responses. Bolded items are
outside the conventionally accepted parameter ranges for item dif-
ficulty and/or discrimination. . . . . . . . . . . . . . . . . . . . . . . 218



19

ABSTRACT

The first chapter begins with the observations of 1,882 sources from the Bolo-

cam Galactic Plane Survey (BGPS) at 1.1 mm in HCO+ J = 3 − 2 and N2H
+

J = 3− 2. We determine kinematic distances for 529 sources and derive the size,

mass, and average density for this subset of clumps. The median size of BGPS

clumps is 0.75 pc with a median mass of 330 M⊙ (assuming TDust = 20 K). The

median HCO+ linewidth is 2.9 km s−1 indicating the clumps are not thermally

supported and provide no evidence for a size-linewidth relationship. This collec-

tion of objects is a less-biased sample of star-forming regions in the Milky Way

that likely span a wide range of evolutionary states.

We study in detail the G111 Infrared Dark Cloud northwest of NGC 7538

with the K-band Focal Plane Array. We map NH3 (1,1) and (2,2), H2O maser,

and CCS emission simultaneously with the GBT. We find the NH3 gas traces

the 1.1 mm BGPS structure very well with gas kinetic temperatures consistently

close to 15 K. Typical column densities are 2.5 × 1014 cm−2 with a median abun-

dance of NH3 to H2 of 5.94 × 10−8. The median linewidth of the NH3 emission

is 0.64 km s−1indicating the filament is not thermally supported. The NH3 is

subthermally populated along the entire filament. Individual NH3 peaks have a

median size of 0.61 pc, mass of 188 M⊙, and density of 3.4×103 cm−3. An activity

analysis shows the most active star forming regions are found at the junctions of

the subfilaments that make up the larger G111 IRDC.

The last chapter describes our systematic examination of individual student

responses to the Light and Spectroscopy Concept Inventory national dataset.We

use classical test theory to form a framework of results that is used to evaluate

item difficulties, item discriminations, and the overall reliability of the LSCI. We
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perform an analysis of individual student’s normalized gains, providing further

insight into the prior results from this data set. This investigation allows us to

better understand the efficacy of using the LSCI to measure student achievement.
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CHAPTER 1

INTRODUCTION

Looking up into the sky at night is a thought-provoking and introspective ex-

perience. The serene calm of the evening and a cool breeze sets the mind free

to journey among the stars. The pinpoints of colored light that smile back at

us as we look up have been a part of humanity for thousands of years. We use

these beacons to tell stories of creation and of mighty heroes immortalized in the

heavens. Captivated by their quivering light, we sprawl out beneath the heavy

evening sky and let our imaginations grow. Galileo was the first person to use a

telescope to look up into the sky and imperfections on heavenly bodies and see

countless many more stars than the ones we see at night. He changed humanity’s

place in the universe.

Since this time, technology has allowed us to build larger and larger tele-

scopes, put cameras in space, and save images of the sky for later investigation.

While astronomers are busy counting photons and worrying about calibration

standards, humanity is consuming these images for their stunning beauty and

complexity. Most people are not interested in the physics that controls the way

nebulae look; they are captivated by the idea that something so immense and

beautiful is part of their universe. Astronomy not only investigates where we

come from but affects how we place ourselves in the grand Universe.

Star formation is one of the most beautiful processes that happen in the Uni-

verse. Fundamental to astronomy, it is a key element in the understanding of

how we go from the Big Bang to intelligent life. Star formation is a complex prob-

lem and while the overall process of clouds collapsing into stars is debateably

well-understood, a more explicit picture of the physical processes and mechanics
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is currently being developed. To study how stars form, astronomers started ob-

serving bright nebulae such as Orion. By observing stellar nurseries, the stages

of the star forming process were unveiled. In bright regions like the Orion Neb-

ula, we are able to see the many stars that have already formed and the processes

that take place at later stages of star formation. While these regions are relatively

easy to find and contain massive amounts of stars, they are hard to study because

most of them are distant and difficult to observe at very high resolution. Regions

like the Orion Nebula are incredible laboratories but they are unable to show a

detailed and complete picture of the entire star formation process.

Much of the information about star formation comes from the study of nearby

low-mass star forming regions such as those in Taurus and Perseus. These re-

gions are close and astronomers are able to resolve spatially much of the activity

around stars and clusters of stars that are currently forming. These regions tell

the story of relatively isolated, low-mass, star formation. In contrast to these

nearby regions, the nearest high-mass star forming regions are at much larger

distances and cannot be studied in the same detail. High mass stars are rare in

the Galaxy but their impact on the interstellar gas is indelible. Massive stars form

in clustered environments, a high density of other stars forming, and are warmer

and more energetic than low-mass star forming regions. Within high-mass star

forming regions, the local environment plays a role in determining the mass and

distribution of stars.

The theory of star formation is biased toward areas that are already forming

stars. A lot of work has been done in the past decade to reduce this bias and

look at star formation as a whole. One set of objects thought to be the precursor

to massive star formation is the Infrared Dark Cloud (IRDC; Egan et al. 1999).

These objects are dense filaments of gas and dust that extinct the background of
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IR (∼ 8 µm) emission from the Galaxy. Many of these objects are thought to be

relatively nearby as they appear dark against Galactic emission. Studies of these

objects show they are cold, dense, and some are at the early stages of forming

stars (Battersby et al. 2010). These studies have lead to detailed observations

of individual IRDCs and the study of the active star-forming cores within them.

These infrared-dark, filamentary structures are adding to the current understand-

ing of massive star formation and the chemical evolution of the gas.

IRDCs opened a new window for the study of star formation within the Galaxy

but they are still a biased sample of objects as they preferentially trace star for-

mation that is nearby and only toward the inner-regions of the Galaxy where

the mid-IR background is bright. To avoid these biases, surveys at longer wave-

lengths where the cold dust is emitting are more effective at tracing regions across

the Galaxy and not just gas and dust that happens to be close. The BOLOCAM

Galactic Plane Survey (BGPS; Aguirre et al. 2011) observed the Galactic plane for

1.1 mm dust continuum emission from -10< ℓ <90 and selected regions in the

2nd quadrant, providing a less biased look into the star forming knots that litter

the Galaxy. These locations were then observed as part of our 1 mm spectro-

scopic follow-up survey using dense gas tracers HCO+ and N2H
+ (see Chapter

2). These two tracers have opposite chemical reactions with the CO molecule,

HCO+ is created by CO and N2H
+ is destroyed by CO, and both species have

have similar effective excitation densities that are greater than 104 cm−3. These

molecular observations allow us to determine kinematic distances by correlating

BGPS sources with IRDCs to break the distance ambiguity. Known distances al-

low us to determine physical properties such as mass, radius, and density. It is

also possible to study the structure of dense gas across the Galaxy and the clump

mass function, a precursor to the stellar initial mass function. This information
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tells the story of how molecular clouds fragment into dense gas clumps and even-

tually break into star forming cores.

The spectroscopic survey of the BGPS is constraining the global properties for

a much less biased sample of objects in the Galaxy; however, we must also un-

derstand the structure of individual regions in detail to form a complete picture

of star formation. Much of the work that has been done mapping IRDCs has been

performed using CO and a few dense gas tracers. Any additional observations

tend to focus on CO peaks and known core positions within an IRDC. NH3 is

typically used to investigate the temperature profile of these cores and drives the

mass and column density calculations. With much of the data biased again to-

ward areas of known star formation activity, the structure of many of these long

filaments is not well known. We mapped an IRDC in the Outer Galaxy northeast

of NGC 7538 in NH3 (temperature probe), H2O (activity probe), and CCS (early

evolution chemical clock); presented in Chapter 3. This is one of the first large

scale maps of an entire IRDC in these tracers and we correlate physical proper-

ties of dust and NH3 clumps with the star formation activity within them. This

helps to detail the story of how clumps evolve with time both in their physical

conditions and chemically.

While developing a deeper understanding of star formation is both fascinat-

ing and important with regard to advancing our knowledge-base in astronomy,

it is critical that we examine the degree to which we are able to effectively com-

municate our understandings to the community of citizens outside astronomy.

The teaching of astronomy can serve as a gateway drug, or launching point into

science for the large number of people who are intrinsically curious about the

beautiful Hubble images that they see. However, it is not uncommon to hear

novice learners state something like the following: “Astronomers use large tele-
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scopes to study things that are way too hard for me to understand” or “I like

looking at the pretty pictures but have no idea what I am looking at.” We work

very hard to engage students in understanding how our research results help to

tell the story of the universe, but not everyone is able to reason through this pro-

cess. Much of students’ inability to understand these concepts can be attributed

to a profound and well-documented lack of good teaching in science classrooms.

Its worth noting that nearly a quarter of a million students take general edu-

cation introductory astronomy at the college level each year. These people are

our society’s future business leaders, journalists, doctors, lawyers, policy mak-

ers, and most importantly teachers, parents, taxpayers and voters. Helping this

very important population of citizens develop their scientific reasoning ability

and deepen their understanding of fundamental concepts important to the study

of astronomy allows them to not only better appreciate the universe around them,

but it also helps them to more meaningfully contribute to society as a whole. Thus

studying the effectiveness of teaching and learning in general education science

classrooms benefits society by improving our understanding of what types of in-

struction actually improve the scientific literacy of our public.

One method of measuring the learning taking place in a classroom is to ad-

minister a concept inventory before and after a semester of instruction. A con-

cept inventory is a multiple-choice assessment instrument that is focused on a

small set of fundamental topics. The answer choices include carefully developed

distracters that elicit commonly held student nave ideas and reasoning difficul-

ties. For the college-level general education introductory Astronomy course, the

study of light is at the top of the list of most commonly taught subjects (Slater et

al. 2001). The Light and Spectroscopy Concept Inventory (LSCI), was developed

to assess students understanding of fundamental ideas about light and astron-
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omy such as properties of light, the Stefan-Boltzmann law, Wien’s law, Doppler

shift, and spectroscopy (Bardar et al. 2007). As the first step to the study reported

here, the LSCI was administered to nearly 4,000 students in general education

astronomy classrooms across the country. In a prior set of studies we provide

results that illustrate student learning gains are not affected by (1) class size, (2)

type of institution, or (3) demographic group. What did affect gain scores were

the classrooms that used interactive teaching methods for more than 25% of class

time. On average, these classrooms achieved twice the student normalized gains

as compared to those classrooms with less than 25% of class time using interactive

techniques. This data was used to show that learning gains are improved by us-

ing interactive teaching strategies but correct implementation of these stretegies

is key (Prather et al. 2009). This prior work examined class average results but did

not investigated how individual students performed on the different items of the

LSCI. Our invenstigation has used CTT to examine individual student achieve-

ment along with the effectiveness of individual question within the LSCI to suc-

cessfully measure student learning from pre to post instruction. Understanding

the range of student performance and each multiple-choice question provides im-

portant new insight into the measurement ability of the LSCI and that the concept

inventory is appropriate for the target population.

As we are inspired by the Heavens, we must remember that astronomy is

not all about explaining everything about the Universe from some grand dataset.

We cannot forget to inspire and teach those around us to think and question what

they see. We need to do our best to communicate with not only our colleagues but

scientists in other fields who are solving similar problems and with the general

public whose tax dollars finance our expeditions into the unknown. We are all

part of one Universe and we all seek answers to our questions. Never forget to
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“keep looking up.”

This thesis is organized as follows. Chapter 2 examines the results of dense

gas observations of 1,882 sources from the Bolocam Galactic Plane Survey us-

ing HCO+ and N2H
+where we derive physical properties such as masses and

densities for those sources where we were able to break the distance ambiguity.

Chapter 3 investigates the IRDC filament to the northwest of star forming region

NGC 7538. We map NH3 (1,1) and (2,2) over 0.25◦ × 0.5◦ using the K-band Focal

Plane Array on the 100m Green Bank Telescope. We fit models for kinetic temper-

ature, column density, etc. We also observe for H2O masers and CH3OH masers

and combine this information with maps of shocked H2 and Wide-field Infrared

Survey Explorer data to correlate activity levels within clumps to their inherent

properties. Chapter 4 details our investigation into the Light and Spectroscopy

Concept Inventory national study. We examine this data set to better understand

how well the LSCI is measuring learning in classrooms across the country. We

also investigate student performance ranges and what this tells us about the pop-

ulation entering general education introductory Astronomy courses. Chapter 5

summarizes the conclusions of these works and introduces future projects that

will take this work further.
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CHAPTER 2

THE BOLOCAM GALACTIC PLANE SURVEY V: HCO+ AND N2H+

SPECTROSCOPY OF 1.1 MM DUST CONTINUUM SOURCES

We present the results of observations of 1882 sources in the Bolocam Galactic

Plane Survey (BGPS) at 1.1 mm with the 10m Heinrich Hertz Telescope simulta-

neously in HCO+ J = 3−2 and N2H
+ J = 3−2. We detect 77% of these sources in

HCO+ and 51% in N2H
+ at greater than 3σ. We find a strong correlation between

the integrated intensity of both dense gas tracers and the 1.1 mm dust emission

of BGPS sources. We determine kinematic distances for 529 sources (440 in the

first quadrant breaking the distance ambiguity and 89 in the second quadrant)

We derive the size, mass, and average density for this subset of clumps. The me-

dian size of BGPS clumps is 0.75 pc with a median mass of 330 M⊙ (assuming

TDust = 20 K). The median HCO+ linewidth is 2.9 km s−1 indicating that BGPS

clumps are dominated by supersonic turbulence or unresolved kinematic mo-

tions. We find no evidence for a size-linewidth relationship for BGPS clumps. We

analyze the effects of the assumed dust temperature on the derived clump prop-

erties with a Monte Carlo simulation and we find that changing the temperature

distribution will change the median source properties (mass, volume-averaged

number density, surface density) by factors of a few. The observed differential

mass distribution has a power-law slope that is intermediate between that ob-

served for diffuse CO clouds and the stellar IMF. BGPS clumps represent a wide

range of objects (from dense cores to more diffuse clumps) and are typically char-

acterized by larger sizes and lower densities than previously published surveys

of high-mass star-forming regions. This collection of objects is a less-biased sam-

ple of star-forming regions in the Milky Way that likely span a wide range of
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evolutionary states.

2.1 Introduction

Stars form out of clouds of dense molecular gas and dust. From detailed stud-

ies of nearby molecular clouds, we have developed a picture of how stars with

masses typically close to our Sun’s form and evolve onto the main sequence (e.g.,

Shu, Adams, & Lizano 1987). A corresponding picture does not exist for the

highest mass end of the stellar-mass spectrum. This is in part due to high-mass

star-forming regions in our Galaxy being at greater distances, and thus being ob-

served at lower spatial resolution, than low-mass regions. High-mass stars also

form in highly clustered environments, whereas the well-studied nearby low-

mass stars are typically more isolated (e.g., Taurus). Not even the basic formation

mechanism of massive-star formation (scaled-up version of monolithic core col-

lapse vs. competitive accretion formation; Shu et al. 1987; Bonnell & Bate 2006;

McKee & Ostriker 2007) is yet well agreed upon, especially for the formation of

the highest mass stars. It is possible that both processes are important in different

regimes of the stellar mass spectrum. For low-mass stars, there are observational

indicators of the evolutionary state of the protostar (e.g., Tbol – Temperature of a

blackbody with a peak at the flux weighted mean frequency of the spectral en-

ergy distribution and αIR – IR spectral index, defining the Class 0, I, II, III system;

Lada 1987, Evans et al. 2009); a universal evolutionary sequence for high-mass

stars is still being developed and that exact ordering of the possible observational

indicators (e.g., the presence of a H2O maser or a CH3OH Class I or Class II maser,

e.g., Plume et al. 1997; Shirley et al. 2003; De Buizer et al. 2005; Minier et al. 2005;

Ellingsen et al. 2007; Longmore et al. 2007; Purcell et al. 2009; Breen et al. 2010) is

still debated.
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One observational aspect that has limited our complete understanding of star

formation is that we lack a complete census of the star-forming regions in our

own Galaxy and, therefore, a census of their basic properties (size, mass, lumi-

nosity). Previous surveys of star-forming regions have been heavily biased. For

instance, the earliest studies of dense molecular gas focused on known (optical

or radio) H II regions where an O or B spectral type star had already formed. The

discovery and cataloguing of UCH II regions (e.g., Wood & Churchwell 1989) ex-

tended studies to an earlier embedded phase, but still required the presence of a

forming high-mass star. Infrared Dark Clouds (IRDCs), clouds of dust and gas

that are opaque at mid-infrared wavelengths (i.e., 8 µm), permitted less-biased

studies of star forming regions through the earliest (prestellar) phases and across

the stellar mass spectrum (Carey et al. 2009; Peretto & Fuller 2009); however,

they were limited to clouds at near kinematic distances and typically observable

only in the inner Galaxy (−60 < ℓ < 60 degrees). Dust continuum observations

at far-infrared through millimeter wavelengths provide the least-biased means

to survey star forming regions at all embedded evolutionary phases and a wide

range of the stellar mass spectrum across the Milky Way Galaxy since the emis-

sion is optically thin, always present, and can trace small amounts of mass.

In the past decade, new surveys of the Milky Way Galaxy have been made

from mid-infrared through millimeter wavelengths. Several Galactic plane sur-

veys are published or currently being observed, including the Bolocam Galactic

Plane Survey (BGPS: Aguirre et al. 2011), the APEX Telescope Large Area Sur-

vey of the Galaxy (ATLASGAL: Schuller et al. 2009), and the Herschel infrared

Galactic Plane Survey (Hi-GAL: Molinari et al. 2010). The goals of these surveys

are to look for the precursors to massive star formation in the Galaxy as a whole,
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without targeting individual regions known to contain forming stars. They are

an integral part of completing a full census of star-forming cores and clumps in

the Milky Way as they are sensitive to star formation at all stages.

The Bolocam Galactic Plane Survey is a 1.1 mm continuum survey of the Galac-

tic plane (Aguirre et al. 2011). Covering 220 square degrees at 33′′ resolution, the

BGPS is one of the first large-area, systematic continuum surveys of the Galac-

tic plane in the millimeter regime. The BGPS spans the entire first quadrant of

the Galaxy with a latitude range of |b| < 0.5 degrees from the Galactic plane

and portions of the second quadrant (Aguirre et al. 2011). The survey has de-

tected and catalogued approximately 8400 clumps of dusty interstellar material

(Rosolowsky et al. 2010). The BGPS is beam matched to the spectroscopic data

we are taking in this chapter. This allows us to easily compare the gas and dust

in the same phase of star formation. The BGPS data are available in full from the

IPAC website1.

The vast majority of sources detected in the BGPS represents a new population

of dense, potentially star-forming clumps in the Milky Way. The basic properties

of these objects such as size, mass, and luminosity depend on the distance to the

objects. However, since the BGPS observations are continuum observations, they

contain no kinematic information. In this chapter, we use the line-of-sight veloc-

ity (vLSR) from a molecular line detection and a model of the Galaxy to determine

a kinematic distance. Not only is the vLSR useful, but the line properties them-

selves can elucidate a number of properties of the dense gas in the clumps (e.g.,

virial mass, infalling gas, outflows, etc.).

1http://irsa.ipac.caltech.edu/data/BOLOCAM GPS/
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Most kinematic surveys of the Milky Way have been performed using low

gas density tracers (e.g., H I: Giovanelli et al. 2005; 12CO: Dame et al. 2001,;

GRS(13CO): Jackson et al. 2006). With these low density tracers, most lines-of-

sight in the Galaxy have multiple velocity components. To mitigate this, we chose

dense gas tracers that will be excited exclusively in the BGPS clumps. Surveying

dense gas has been done before using CS J = 2 − 1 toward IRDCs (see Jack-

son et al. 2008). In this survey, we simultaneously observe two dense gas tracers

HCO+ J = 3− 2 and N2H
+ J = 3− 2 using the 1 mm ALMA prototype receiver

on the Heinrich Hertz Submillimeter Telescope (HHT). The HHT resolution of

∼ 30′′ at 1.1 mm is nearly beam-matched to the original BGPS survey, allowing a

one-to-one comparison between these dense gas tracers and peak 1.1 mm contin-

uum emission positions. These two molecular tracers have very similar effective

excitation densities, neff ∼ 104 cm−3, that are well-matched to the average den-

sity derived from the continuum-emitting dust (see Dunham et al. 2010). The

effective excitation density for a molecular tracer is defined in Evans (1999) as

the density at a given kinetic temperature required to excite a 1 K line for a col-

umn density of log10 N / ∆v = 13.5. To determine the effective density, we use

RADEX, which is a Monte Carlo radiative transfer code (van der Tak et al. 2007),

assuming log10 N = 13.5 cm−2 and ∆v = 1 km s−1.

The chemistry of HCO+ and N2H
+ is useful, as these two molecules have op-

posite chemistries with respect to the CO molecule (Jørgensen et al. 2004). HCO+

is created by CO and N2H
+ is destroyed by CO. The formation routes of HCO+

and N2H
+ are dominated by the following reactions:

H+
3 + CO → HCO+ +H2 (2.1)

H+
3 +N2 → N2H

+ +H2 (2.2)
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N2H
+ + CO → N2 +HCO+ (2.3)

For N2H
+ to exist in large quantities, the gas must be cold where CO has frozen

out onto dust grains. The ratio of N2H
+/HCO+ emission can be a chemical in-

dicator of the amount of dense, cold gas in BGPS clumps. Even with the mod-

est upper energy levels, Eu/k (HCO+ J = 3 − 2) = 25.67 K and Eu/k (N2H
+

J = 3 − 2) = 26.81 K, these transitions can still be excited at low temperatures if

the density of the gas is high enough. This brings up an interesting conflict for

N2H
+: chemically, it favors a low kinetic temperature where CO is depleted but

higher Tkin or higher gas density leads to a stronger excitation of the J = 3 − 2

line.

In this chapter, we present the results for spectroscopic observations of 1882

BGPS clumps. In § 2 we discuss source selection and observing, calibration, and

reduction procedures. In § 3 detection statistics, line intensities, velocities and

linewidths are analyzed. In § 4 we calculate the kinematic distance to each de-

tected source and determine our size-linewidth relations, clump mass spectra,

and present a face-on view of the Milky Way Galaxy based on kinematic dis-

tances determined from our sample.

2.2 Observations, Calibrations, and Reduction

2.2.1 Facility and Setup

Observations were conducted with the Heinrich Hertz Submillimeter Telescope

on Mount Graham, Arizona. The data were taken over the course of 44 nights be-

ginning in February 2009 and ending in June 2009. We utilized the ALMA Band-6

dual-polarization sideband-separating prototype receiver in a 4-IF setup (Lauria

et al. 2006, ALMA memo #553). With this setup we simultaneously and sepa-
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rately observe both the upper and lower sidebands (USB and LSB, respectively)

in horizontal polarization (Hpol) and vertical polarization (Vpol) using two differ-

ent linearly polarized feeds on the receiver. The receiver was tuned to place the

HCO+ J = 3 − 2 (267.5576259 GHz) line in the center of the LSB. The interme-

diate frequency (IF) was set to 6 GHz, which offsets the N2H
+ J = 3 − 2 line

(279.5118379 GHz) in the USB by +47.47 km s−1. The signals were recorded by

the 1 GHz Filterbanks (1 MHz per channel, 512 MHz bandwidth in 4-IF mode;

LSB velocity resolution ∆vch = 1.12 km s−1 and USB velocity resolution ∆vch =

1.07 km s−1) in each polarization and sideband pair (Vpol LSB, Vpol USB, Hpol LSB,

Hpol USB).

2.2.2 Calibration and Sideband Rejections

Every observing session utilized 3 types of observations to calibrate the veloc-

ity offset, temperature scale, and rejection of the sideband separating receiver.

The antenna temperature scale T∗
A is used at the HHT and is set by the chopper

wheel calibration method (Penzias & Burrus 1973). This temperature scale was

then converted to Tmb =T∗
A/ηmb by observing Jupiter and calculating the main

beam efficiency (ηmb; Mangum 1993)

ηmb =
frej · T ∗

A(Jupiter)

J(νs, TJupiter)− J(νs, TCMB)
·
[

1− exp

(

− ln 2 · θeqθpol
θ2mb

)]−1

, (2.4)

where J(ν, TB) =
hν/k

exp(hν/kTB)−1
is Planck function in temperature units evaluated

at the observed frequency ν and brightness temperature TB , T∗
A is the average

observed temperature of Jupiter in the bandpass, TJupiter = 170 K ±5 K, TCMB =

2.73 K, θeq & θpol are the daily equatorial and poloidal angular diameters of Jupiter,

θmb is the HHT FWHM (equal to 28.2′′ LSB and 26.9′′ USB). The sideband rejection

correction factor is given by,

frej =

(

1 +
I(T ∗

AUSB)

I(T ∗
ALSB)

)−1

. (2.5)
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Table 2.1. ηmb for each polarization and sideband. The errors are the standard

deviation of all main beam efficiencies for the dates specified.

Vpol LSB Vpol USB Hpol LSB Hpol USB

HCO+ J = 3− 2 N2H+ J = 3− 2 HCO+ J = 3− 2 N2H+ J = 3− 2

ηmb – Average 0.81(0.04) 0.81(0.03) 0.70(0.03) 0.70(0.04)

ηmb – MJD 918 – 920 0.64(0.01) 0.64(0.02) 0.64(0.01) 0.64(0.02)

We calculate frej , by measuring the integrated intensity of the flux that bleeds

over from the LSB into the USB by observing S140, a source with very strong

HCO+ J = 3 − 2 emission (Tmb = 18 K). The average rejection was −13.8 dB

in Vpol and −15.2 dB in Hpol. We ignore the difference in atmospheric opacities

between 267 GHz and 279 GHz since it is small.

We report the computed ηmb for each observing session in Table 2.1 (see Figure

2.1). Each data point for ηmb in Figure 2.1 consists of the average of five or more

observations of Jupiter each night. There are no apparent trends in ηmb versus

time except on MJD 918 – 920, when ηmb for Vpol is significantly lower than for

the rest of the observing sessions. For these dates we chose to use the average

ηmb and treat them independently from the rest of the calibration. A drop in the

integrated intensity, I(T∗
A), is also seen in the data taken of the two spectral line

calibration sources, S140 and W75(OH) (Figure 2.1), supporting the decision to

treat these days separately.
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Figure 2.1: Calibrations of Jupiter, S140, and W75(OH) versus MJD for the USB

and LSB. For almost all observing sessions, ηmb and I(T∗
A) are well behaved and

consistent from day to day. At MJD − 245400 = 918 – 920, there were 3 days where

ηmb in Vpol was significantly lower than the rest of the observations; this is also

seen in the two line calibration sources in both sidebands. These days were taken

to be independent and calibrated with the average values of ηmb for those 3 days

as shown in Table 2.1.
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We also compared ηmb for the two polarizations and sidebands against each

other (Figure 2.2). The two upper panels compare the USB and LSB of each po-

larizations against each other. These are highly correlated with Spearman’s rank

coefficients of ρ ∼ 1, which is expected, as each linear polarization has its own

feed. The Spearman’s rank coefficient is a measure of the monotonic dependence

between two variables. The lower panels compare the two polarization feeds of

the LSB and two polarization feeds of the USB against each other. These are less

well-correlated with Spearman’s rank coefficients of ρ ∼ 0.5 and show that the

variation we see in ηmb does not come from a systematic effect that affects both

polarizations at the same time.
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Figure 2.2: The two upper panels, (a) and (b), plot ηmb determined from the USB

and LSB for each polarization. The two lower panels, (c) and (d), compare the

two polarization feeds against each sideband. The Spearman’s rank coefficients

are printed in the upper left corner of each plot.

We observed each source in the catalog described in § 2.2.3 for 2 minutes total

integration time. We position switched between a common OFF position for each

0.5 degrees in Galactic longitude (ℓ). Each of these OFF positions was observed

for 6 minutes to check if the OFF position had any detectable line emission. For a

subset of sources near the end of our observations, starting on MJD − 245400 = 986,

the integration time was increased to 4 or 10 minutes to compensate for dete-
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riorating weather. Our goal was to keep the baseline rms less than 100 mK

(∆vch ∼ 1 km s−1) for as many sources as possible. S140 was also used to cal-

culate the Allan Variance of the ALMA prototype receiver (Schieder & Kramer

2001). Accounting for the Allan Variance, we determined that ∼ 20 seconds was

the optimal switching time between ON and OFF positions for position switching

with the 1 mm ALMA prototype receiver.

2.2.3 Source Selection

We selected sources out of a preliminary version of the BGPS source catalog

(BOLOCAT, Rosolowsky et al. 2010). We used the BOLOCAT v0.7 to divide

sources into logarithmic flux bins with equal numbers using the 40′′ aperture

flux, Figure 2.3. We pointed at peak 1.1 mm continuum positions as listed in

the BOLOCAT and we restricted the range of Galactic longitudes to fall between

10◦ ≤ ℓ ≤ 100◦. The entire BOLOCAT in this longitude range was divided into

logarithmically-spaced flux bins from S1.1mm = 0.1 Jy to S1.1mm ∼ 0.4 Jy in inter-

vals of log10(S1.1mm) = 0.1. All sources greater than S1.1mm ∼ 0.4 Jy were included

for observation (N = 689). Below this flux, 100 sources per bin were selected at

random to comprise a flux-selected set of N = 1, 289 sources from the BOLOCAT

v0.7. In addition, we observed all BOLOCAT v0.7 sources in ℓ ranges of 10◦ –

11.5◦, 15◦ – 21◦, and 80◦ – 85.5◦. These ranges were chosen due to a combination

of overlap with other surveys and observing availability. Sources with ℓ > 100◦

were taken from the BOLOCAT v1.0 and were only restricted by observability.
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Figure 2.3: 40′′ aperture fluxes for all of the BOLOCAT V1.0, solid blue line, and

40′′ aperture fluxes for the BOLOCAT v0.7 positions that were observed with the

HHT as determined from the v1.0 maps, dotted red line.

Near the end of our spectroscopic survey, the BGPS version 1.0 maps and the

BOLOCAT v1.0 were released. We recomputed the photometry of our sources

at the observed v0.7 positions on the v1.0 maps using the HHT beamsize, this is

the data presented in § 3. A correction factor of 1.5 was multiplied to all of the

1.1 mm fluxes (see Aguirre et al. 2011). This calibration factor was determined by

the BGPS team to account, in part, for the spatial filtering present in the BGPS v1.0

maps and possible calibration differences between the BGPS and other surveys.

This factor brings the BGPS fluxes inline with those of other surveys (e.g., Mőtte

et al. 2007).

Between versions of the catalogs the algorithms for processing the images were

improved and thus source peak continuum positions may have moved or sources

may even be removed from the catalog. In § 4 we compare physical properties

of the sources and need to know the overall source properties not just the pho-
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tometry of the locations we observed. We take the nearest source from the v1.0

catalog to the position we observed. The median offset between observed v0.7

positions and v1.0 positions is 6.4′′. The vast majority (83% ) of v0.7 observed

positions lie within 15′′ (1/2 the beam width) of the nearest v1.0 position. Since

the median angular size of our observed sources is ∼ 60′′, the small positional

differences between v0.7 and v1.0 do not significantly affect the physical prop-

erties derived from the 1.1 mm emission (e.g., size, mass). No source for which

we have resolved the distance ambiguity and derived physical properties for in

§4 (Known Distance Sample) has an offset between the catalogs greater than 30′′

(one beam width) when determining physical properties.

In the following analysis, we refer to the “Full Sample” of 1882 observed sources

and the “Deep Sample” of 707 sources where the entire BOLOCAT was observed

within the longitude ranges described above. Figure 2.4 shows the location of the

sources we observed in the Full Sample and the sources in the Deep Sample.
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Figure 2.4: Galactic Longitude versus Galactic Latitude plot and histogram for

the “Full Sample” (a) and the “Deep Sample” (b) of sources. The spikes in the

histogram around ℓ =+10, +20 and +80 degrees, are due to the deep survey that

was done after the initial survey was completed. The peaks at ℓ = +25, +30, and

+50 degrees, are due to the intrinsic number of sources in those areas. For ℓ >+90

degrees, these sources represent star formation complexes in the outer galaxy

regions observed by the BGPS.

2.2.4 Data Reduction

The spectra were reduced using scripts we developed for the CLASS software

package2. In 4-IF mode, there are four filterbank spectra for each source. The

HCO+ J = 3− 2 spectrum was used to determine the baseline window, typically

±50 – 75 km s−1 from the line center, and to determine the line window, typically

± 10 – 15 km s−1 from line center. The two polarizations of HCO+ J = 3− 2 data

were then baselined, and averaged together. This averaged spectrum is used to

determine the line flag of the observed source and the line flag is determined

from the approximate line shape (see Table 2.2). A flag of 0 means there is no

apparent line in the spectrum at any velocity. A flag of 1 indicates a single line

2http://www.iram.fr/IRAMFR/GILDAS/
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Table 2.2. Line Flags

Flag Number Flag Description

0 No Detection: There is no visible line

1 Single Detection: One line visible with no visible structure

2 Multiple Detections: More than one line is visible in the spectrum

4 Obvious Line Wings: One line that shows a possible line wing(s)

5 Self-absorbed Profile: One line that shows a possible self-absorbed profile

9 Unusable Data: Both polarizations have defects that make the spectrum unusable

in the spectrum and the line exhibits no apparent structure from a line wing or

self-absorbed profile. A flag of 2 means there was confusion along the line of

sight and multiple velocity components are observed. In this case there is no

way of determining which source is associated with the 1.1 mm map without

mapping the molecular emission. A flag of 4 means there was a possible line

wing. A Gaussian fit is plotted over the data to emphasize any deviations from

a Gaussian shape; this helped to accentuate any sources with line profiles with

a red or blue line wing, or possibly both. A flag of 5 means the line profile was

possibly self-absorbed. Examples of spectra for the various flags are shown in

Figure 2.5.
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Figure 2.5: Sample HCO+ spectra of the 4 main flag types. (a) flag = 1 – single

detection. (b) flag = 2 – multiple detections. (c) flag = 4 – Line wing(s). (d) flag =

5 – Self-absorbed spectrum.

The N2H
+ J = 3 − 2 line is offset +47.47 km s−1 from the center of the USB;

therefore, each of the HCO+ baseline windows is shifted by that offset in order

to baseline the N2H
+ data. The N2H

+ spectra are baselined and averaged in the

same manner as above and the line is flagged for its quality and structure.

After each spectrum is flagged, it is converted to the Tmb scale and the two

polarizations are averaged together. Each spectrum is corrected with the corre-

sponding ηmb given by the date it was observed and its polarization, as explained

in §2.2.2. The spectra are weighted by their baseline rms values, averaged, and
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baselined. The resulting combined spectra are used in our analysis.

2.2.5 Analysis Pipeline

Once the spectrum for each source has been calibrated and averaged, the next

step is to measure the line properties. The analysis of all the spectra is performed

in IDL using custom and ASTROLIB routines, and all CLASS spectra are exported

to an ASCII file containing the final spectrum. The peak temperature is given by

the maximum temperature within the defined line window and the error is the

rms of the data outside of that window. The integrated intensity, central veloc-

ity, and line width are computed using both an analysis of the 0th, 1st, and 2nd

moments and by fitting a Gaussian model to the spectral line.

2.2.5.1 Moment Analysis

The moments of a spectral line are calculated using

Mn =

vu
∑

i=vl

Tiv
n
i ∆vch, (2.6)

where n is the moment and i represents each channel between the vl and vu, defin-

ing the line window. These moments are then used to compute the integrated

intensity, central velocity, and FWHM using

I(Tmb) = M0 (2.7)

vcen =
M1

M0
(2.8)

vFWHM =
√
8 ln 2 ·

(

M2

M0

− v2cen

)1/2

. (2.9)

Moment calculations are sensitive to the rms of the baseline and our generously

large line windows. For lower signal-to-noise lines, a small noise feature in the

spectrum can drastically change the first moment when using all of the data

points in the line window. To compensate for low signal-to-noise we estimate
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the line center using only data three times the baseline rms in the first moment

calculation. This new method returns velocities and widths that more closely

match those that are determined by eye than the method using all of the data

within the line window. This only has significant effects for low signal-to-noise

spectra.

2.2.5.2 Gaussian Fitting

Another method of determining the central velocity and FWHM for a spec-

tral line is to fit a Gaussian model to the line profile. This method has its draw-

backs as well, but the main drawback is that it struggles with lines that deviate

strongly from Gaussian shaped line profiles. Examples of such are lines with

self-absorbed profiles or lines with very prominent line wings, (Figure 2.5 (c) and

(d)). The Gaussian fits are computed with the MPFITPEAK function (Markwardt

2009) and return a reduced χ2. The boundary conditions chosen are the follow-

ing: 1) the baseline is defined to be 0, 2) the peak line temperature of the Gaussian

is defined to be positive, 3) the central velocity of the line must be within the line

window, and 4) the FWHM must be smaller than the line window. For the start-

ing parameters of the fit, we use the results from the moment analysis.

At this point we refine our method of computing the desired quantities for the

line shape. After the initial Gaussian fit is completed, the next step is to mod-

ify the line window and recompute both the moment analysis and the Gaussian

fitting. To modify the line window we used the parameters of the line as deter-

mined by the Gaussian fit to center the line window on the line center, vGauss, and

extend it by the measured linewidth, ±2 · σGauss. If either bound of this new line

window extends outside of the original, the original bounding velocity is used

for that term. The fit and moments are recomputed but do not yield significant
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changes for most sources. At this time σI (the error on the integrated intensity)

is calculated using the final “fit” line window. σI = σT ·
√

δvch · (vu − vl) where

vch is the channel width (δvch = 1.1 km/s), vu and vl are the upper and lower

bounds of the line window, and σT is the baseline rms. Histograms of σT and

σI are shown in figure 2.6. If the line was undetected, flag of 0, the line window

used to estimate the error is ∼ 6 km s−1, within which more than 95% of all mea-

sured FWHMs lie (Figure 2.7). The Gaussian fits are used to determine the HCO+

and N2H
+ central velocities and the HCO+ linewidths while the zeroth moment

is used to calculate the integrated intensity. For N2H
+ linewidths, we use an IDL

script that deals with the hyperfine lines (assuming a Gaussian shape for each hy-

perfine line) and uses MPFIT to determine the best-fit line profile. For the rest of

the chapter, linewidths refer to only the Gaussian-fit, observed HCO+ linewidth.

Figure 2.6: Histograms of the baseline rms. (a) and σI (b)for all sources. Noise

levels are lower than 100 mK rms in the baseline for the vast majority of sources

(94% for HCO+ and 89% for N2H
+). The median baseline rms for HCO+ and

N2H
+ are 53.8 mK and 58.6 mK respectively. In σI , the median errors are 0.124

K km s−1 and 0.138 K km s−1 for HCO+ and N2H
+ respectively.
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Figure 2.7: A histogram of HCO+ FWHM determined from the Gaussian fit to

the spectrum. The Gaussian fits were computed using the MPFIT package also

described in §2.2.5.2. The median of the distribution of FWHM is 2.9 km s−1. As

a comparison, the median of the FWHM from the second moment calculation is

2.3 km s−1. The Gaussian linewidths for N2H
+ are broadened due to hyperfine

splitting and are not shown here. Fitting the hyperfine structure of N2H
+ leads

to a median FWHM of 3.5 km s−1 and are shown as the red curve.

2.3 Detection Statistics and Analysis

In this section, we discuss the statistics of the detected sources in HCO+ and

N2H
+ and correlations between integrated intensity for HCO+ and N2H

+ with

respect to the two sample groups. We also discuss the determined vLSR and the

analysis of the line centroids and linewidths. Data for this section are presented

in Table 2.4.

2.3.1 Detection Statistics

Each source has two flags, one for HCO+ and one for N2H
+; multiple flags are

not set for any of the sources/tracer pairs; it is either a detection (1,2,4,5) or a non
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detection (0). A breakdown of the number of sources with each flag is shown

in Figure 2.8. Out of a total of 1882 sources observed we detect 1444 (76.7%)

in HCO+ and 952 (50.5%) in N2H+ at a 3σ or greater level. Out of 1444 HCO+

detections, 1119 (77.49%) are single-velocity component detections, 39 (2.70%)

are multiple-velocity component detections, 67 (4.64%) have possible line wings,

and 219 (15.17%) have a possible self-absorption profile. For the 952 N2H
+ de-

tections, 919 (96.53%) are single-velocity component detections, 14 (1.47%) are

multiple-velocity component detections, 6 (0.63%) have possible line wings, and

13 (1.37%) have a possible self-absorption profile. Breaking the sources down

into the “Deep Sample” where we observed every source in the BOLOCAT v0.7

in certain ℓ ranges, we find slightly lower detection rates: 72.6% and 41.2% of the

N = 707 sources are detected in HCO+ and N2H
+ respectively (See Figure 2.8

for the breakdown of flagging statistics for the “Deep Sample”). Detection statis-

tics versus 1.1 mm dust emission are presented in Figure 2.9. For sources in the

lowest flux percentile, we detect barely 40% in HCO+. Sources in the highest flux

percentile have a 99% detection rate in HCO+ and 88% in N2H
+.
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HCO+ Detection Statistics (1882 Sources)
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N2H
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Figure 2.8: Detection statistics for HCO+ and N2H
+ for all 1882 sources. We

detect 76.7% of our sources in HCO+ and 50.5% in N2H
+ at the 3σ level. Out of

our “Deep Sample” N = 707, we detect 73.3% of sources in HCO+ and 41.2% of

sources in N2H
+.

Figure 2.9: To see how detection statistics change with 1.1 mm flux we plot the

percentage of detected sources versus the percentile of its flux (e.g., the 25% of

sources, by number, with the lowest flux, etc.). The highest percentile has a 99%

detection rate in HCO+ and a 88% detection rate of N2H
+.
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We find that nearly all (99.6%) of N2H
+ detections are associated with an HCO+

detection at the ≥ 3σ level. Only 4 sources that are detected in N2H
+ do not have

a 3σ detection in HCO+. These sources are approximately 2σ detections and show

a small amount of HCO+ emission at the correct velocity to be associated with

the N2H
+ emission. The HCO+ line flag statistics change in a fairly interesting

way for the sources with detected N2H+. The percentage of sources showing a

possible self-absorbed profile increases from 15.17% to 21.10%. The percentage

of single line detections drops by a similar amount. About 1% of sources show

possible self-absorption in both HCO+ and in N2H+. For sources that display

self-absorption in N2H
+, 11 of 13 also showed self-absorption in HCO+.

A recent mapping survey of these two molecular transitions toward a sam-

ple of IRDCs has shown that HCO+ and N2H
+ J = 3 − 2 emission has a very

similar extent and morphology to the 1.1 mm emission (Battersby et al. 2010).

To completely understand the physical properties of the gas that is excited in

these transitions, we require a detailed source model and radiative transfer mod-

eling of multiple transitions in each species. However, from our astrochemical

knowledge of these two species, we can make some general statements about the

regions where they are excited. HCO+ probes clumps with a wide range of prop-

erties. It can exist in warm regions where CO is abundant (e.g., Reiter et al. 2011)

and cold regions where CO has frozen out onto dust grains (e.g., Gregersen et al.

2000). It is possible that HCO+ is depleted by freeze-out in some of these clumps

with cold (T < 20 K) dense (n > 104 cm−3) gas within the HHT beam (see Tafalla

et al. (2006) for examples observed toward low mass cores), although our obser-

vations indicate that this mechanism is unlikely to be dominant in BGPS clumps.

HCO+ J = 3 − 2 emission likely originates in the dense, warm inner regions of
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these clumps. In contrast, N2H
+ is destroyed by CO in the gas phase, and thus

N2H
+ is most abundant in cold, dense gas where the CO abundance is depleted

(Jørgensen et al. 2004). Thus, in star-forming clumps with a strong tempera-

ture increase toward the center, N2H
+ may only be tracing the outer parts of the

clumps where the gas is still relatively dense and cold. This chemical differentia-

tion of N2H+ has been mapped in a few high-mass star-forming regions (Pirogov

et al. 2007; Reiter et al. 2011; Busquet et al. 2011), although the differentiation

mostly occurs on size scales that are unresolved within our 30′′ beam.

In nearly 12% of sources, the HCO+ line profiles display apparent self-absorption.

For an optically thick line profile, a blue asymmetry (redshifted self-absorption)

may be an indication of infalling gas (see Myers et al. 2000); however, the blue

asymmetric profile can also be created by rotating and outflowing gas (Redman

et al. 2004). For a large sample of sources, it is possible to statistically identify

infall in the population by searching for an excess of blue asymmetric profiles.

Infall does not create a red asymmetric profile in centrally heated, optically thick

gas while rotation and outflow can equally produce both blue and red asymmet-

ric profiles. Surveys of high-mass star-forming regions in HCN J = 3 − 2 have

shown statistical excesses in blue asymmetric profiles (Wu & Evans 2004). In or-

der to calculate the line asymmetry of our subset of sources with self-absorbed

profiles, we must obtain observations of an optically thin isotopologue (H13CO+)

to discriminate between self-absorption and a cloud with two closely-spaced ve-

locity components along the line of sight. We shall observe this subset of sources

in H13CO+ J = 3− 2 in a future study.
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2.3.2 Integrated Intensity and Peak Line Temperature Analysis

2.3.2.1 Comparison of Molecular Emission

Figures 2.10 (a) and (b) show the difference in the distributions of line temper-

ature and integrated intensity for HCO+ and N2H+ J = 3 − 2. The HCO+ emis-

sion extends to far greater intensities than N2H
+, whose distribution seems to

be truncated at high intensities. We find, on average, in our Full Sample, HCO+

J = 3 − 2 to be 2.18 times as bright as N2H
+ J = 3 − 2 in integrated intensity

I(Tmb) (Figure 2.11 (a)). There are a small number of sources (11.8%, N = 114)

detected in both HCO+ and N2H
+ that show stronger N2H

+ J = 3 − 2 emission

than HCO+ J = 3−2 emission. For these sources 1/3 are self-absorbed in HCO+.

The integrated intensity of each species is highly correlated with a Spearman’s

rank correlation coefficient of ρ = 0.82. The slope of a linear regression (MPFIT)

is m = 0.82, taking into account errors in x and y directions. The highest in-

tensity points appear to form a tail turning upward on the plot of I(Tmb HCO+)

versus I(Tmb N2H
+). This would be expected for the warmest clumps since the

N2H
+ abundance is expected to decrease in warmer regions, which should be

more prevalent toward brighter 1.1 mm sources (§2.3.2.2).
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Figure 2.10: (a) A histogram of integrated intensity of HCO+ and N2H
+ for the

“Full Sample” of sources. These histograms are not scaled with respect to each

other. They are logarithmically binned. Note the lack of sources with bright

N2H
+ J = 3 − 2 emission and that HCO+ sources are on average brighter than

the N2H+. The median 3σI(HCO+) = 0.37 K km s−1 and median 3σI(N2H+) =

0.41 K km s−1. (b)A histogram of peak line temperatures of HCO+ and N2H
+

for the “Full Sample” of sources. These histograms are not scaled with respect

to each other. They are logarithmically binned. While it is apparent from the

T versus T plots that HCO+ has a typically higher line temperature it is clear

from these distributions there are two different cutoffs for the peak line temper-

ature of HCO+ and N2H+. The average 3σTpk(HCO+) = 0.16 K and the average

3σTpk(N2H+) = 0.17 K.
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Figure 2.11: A comparison of the integrated intensities and line temperatures of

HCO+ and N2H
+ for the “Full Sample” of sources. The light blue circles repre-

sent the 952 sources that have both an HCO+ and N2H
+ detection and the blue

contours overlaid represent the density of points on the plot. The light red circles

are HCO+ detections and 3σ N2H
+ upper limits. The red contours represent these

points. The green circles are detections in N2H
+ that do not have a corresponding

3σ HCO+ detection and are upper limits for HCO+. The solid line plotted is the

1-1 line and the dotted line represents the best fit to the data. (a) A comparison

of the integrated intensities (K km s−1) of HCO+ and N2H+. The slope of the best

fit line is m = 0.82. (b) A comparison of the Peak line temperatures in Kelvin

of HCO+ and N2H
+. The average source has a higher line temperature (Tmb) in

HCO+ than N2H
+ by a factor of ∼ 2. The slope of the bestfit line is m = 0.83.

The peak line temperature tells a similar story to the integrated intensities. The

upward curving tail of points at the brightest end of the Full Sample is less no-

ticeable for peak line temperature (Figure 2.11 (b)). The average ratio of peak line

temperatures is Tmb(HCO+ J = 3 − 2)/Tmb(N2H
+ J = 3 − 2) = 1.94 and the

correlation coefficient is ρ = 0.79. The best fit line has a slope of m = 0.83.
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It is interesting that HCO+ and N2H
+ J = 3 − 2, with their similar effective

densities but different chemistries, are so highly correlated. Their similar effective

densities should result in their emission being co-spatial; however, their chemical

differences should result in differentiation (e.g., Jørgensen et al. 2004; Pirogov et

al. 2007). It is likely that any differentiation is unresolved within our beam, which

averages over the densities, temperatures, and abundance structure on size scales

of a few tenths of a parsec (e.g., Battersby et al. 2010; Reiter et al. 2011).

2.3.2.2 Comparison with Millimeter Continuum Emission

In Figures 2.12 (a) and (b), we show the integrated intensity of HCO+ J =

3 − 2 and N2H
+ J = 3 − 2 versus the 1.1 mm flux per beam obtained from the

BOLOCAT v0.7 positions on the v1.0 BGPS maps (Rosolowsky et al. 2010). The

Spearman’s rank coefficient for the two species are ρHCO+ = 0.80 and ρN2H+ =

0.73. The slopes are mHCO+ = 1.15 and mN2H+ = 1.28. For HCO+, the high

1.1 mm flux points have a tail that continues curving up toward higher HCO+

emission with increasing 1.1 mm flux. In contrast, the N2H
+ J = 3 − 2 emission

for high 1.1 mm fluxes shows a flattening which is again consistent with N2H
+

being less abundant in warm sources. The median ratio of integrated intensity to

1.1 mm emission is 6.32 K km s−1 per Jy/beam and 3.27 K km s−1 per Jy/beam

for HCO+ J = 3− 2 and N2H
+ J = 3− 2, respectively.



57

Figure 2.12: The two top figures, (a) and (b), show the integrated intensity of the

molecular line versus the 1.1 mm flux/beam from the BOLOCAT v0.7 positions

on the v1.0 maps. The light blue circles are the sources detected in HCO+(a),

the light red circles are 3σ upper limits to the HCO+ line strength. The blue

and red contours trace the density of points on the plot. The second panel (b) is

the same plot but N2H
+ integrated intensity is used instead. There is a strong

correlation between the molecular emission and the dust emission ρHCO+ = 0.80

and ρN2H+ = 0.73. The dotted line is the best fit to the blue points. We find the

slopes of the two distributions to be mHCO+ = 1.15 and mN2H+ = 1.28. The two

lower figures, (c) and (d), show the peak line temperature of the molecular line

versus the 1.1 mm flux/beam from the Bolocat v0.7 positions on the v1.0 maps.

The symbols are the same as the previous two plots. There is a strong correlation

between the line temperature of the molecular emission and the dust emission

ρHCO+ = 0.75 and ρN2H+ = 0.73. We find the slopes of the two distributions to be

mHCO+ = 0.88 and mN2H+ = 0.98.
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Table 2.3. Summary of log fit parameters

log X–Axis log Y–Axis Intercept Slope Spearman’s Rank (ρ)

I(N2H+) K km s−1 I(HCO+) K km s−1 0.33 0.823 0.82

Tmb(N2H+) K Tmb(HCO+) K 0.21 0.83 0.79

I(HCO+) K km s−1 Sν(1.1mm) Jy/Beam .78 1.15 0.80

I(N2H+) K km s−1 Sν(1.1mm) Jy/Beam 0.55 1.28 0.73

Tmb(HCO+) K Sν(1.1mm) Jy/Beam 0.21 0.89 0.75

Tmb(N2H+) K Sν(1.1mm) Jy/Beam -0.01 0.99 0.73

Comparing the peak line temperatures of the molecular emission versus the

1.1 mm dust flux (Figures 2.12 (c) and (d)) leads to similar results as the integrated

intensities. The correlations are still significant: ρHCO+ = 0.75 and ρN2H+ = 0.73.

The slopes are lower than for integrated intensity: mHCO+ = 0.88 and mN2H+ =

0.98. The median ratio of peak line temperature to 1.1 mm emission is 1.76 K per

Jy/beam and 1.06 K per Jy/beam for HCO+ J = 3 − 2 and N2H
+ J = 3 − 2,

respectively. A summary of the log fit parameters for comparison of molecular

properties are listed in Table 2.3.

We also compare the ratios of the integrated intensities and the peak line tem-

peratures of HCO+ and N2H
+ with 1.1 mm flux in Figure 2.13. Both ratios are un-

correlated with the 1.1 mm dust emission. Surprisingly, there is a wide range in

the observed intensity and peak temperature ratios, even for bright sources with

fluxes above 1 Jy. Even in these brightest 1.1 mm sources, the N2H
+ J = 3 − 2

emission can be strong, indicating significant amounts of unresolved dense, cold

(T < 20 K) gas within the beam.
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Figure 2.13: Ratio of molecular emission versus 1.1 mm flux/beam for all sources

detected in both HCO+ and N2H
+. The ratio of integrated intensities (a) and peak

line temperatures (b) versus 1.1 mm emission are presented in these plots. The

points in both diagrams are not well correlated with ρ = −0.1 for (a) and ρ = −0.2

for panel (b). The solid lines are where the ratio equals 1.0 and the dotted lines

represent the median of the ratios for each panel, (a) 1.81, (b) 1.69.

2.3.3 Velocities and Linewidths

We use the Gaussian fit velocity centers of the HCO+ and N2H
+ lines as de-

scribed in §2.2.5.2 to determine vLSR. We plot vLSR versus Galactic longitude in

Figure 2.14 (a). We find the distribution of vLSR in the dense gas tracers is com-

parable to that of CO 1-0 (Dame et al. 2001). The spread in dense gas velocities is

very similar to the spread in CO emission at each ℓ when our data is overplotted

on the Dame et al. (2001) v − ℓ map. The vLSR determined for sources detected

in both HCO+ and N2H
+ agree very well, see Figure 2.14 (b). We use only the

Gaussian fit HCO+ velocities in §4 to calculate the kinematic distances of sources.
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Figure 2.14: (a) The HCO+ vLSR determined from the Gaussian fit for each de-

tected source versus Galactic longitude. The envelope formed by the largest ve-

locity at each ℓ represents the tangent velocity. (b) The comparison of vLSR of

HCO+ and N2H
+. The scatter in the data is 0.71 km s−1 which is smaller than

the width of a channel. (c) The HCO+ linewidth determined from the Gaussian

fit versus the Galactic longitude of each source. We also plot the median FWHM

within bins in ℓ to emphasize any overall trends. There does not appear to be any

strong relationship with ℓ.

Figure 2.14 (c) shows the FWHM of our detected HCO+ lines versus Galactic

longitude. There is no trend with ℓ apparent in the sources we have observed.

The few bins where the linewidth seems to vary by an appreciable amount have

small numbers of sources in them. There is a moderate relationship in the plot
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of ∆v[HCO+] versus I(TMB)[ HCO+], see Figure 2.15 (a). This is expected, as the

integrated area of a line is directly related to the peak temperature multiplied

by the FWHM. Given the relationship between ∆v[ HCO+] and I(TMB)[ HCO+]

and S1.1mm and I(TMB)[ HCO+], it is logical to expect a trend of ∆v with S1.1mm;

Figure 2.15 (b) shows this trend. A moderate correlation also exists between the

linewidth and the 1.1 mm dust emission per beam at the BOLOCAT v0.7 posi-

tions; however, there is large amount of scatter around this trend.

Figure 2.15: (a) The HCO+ linewidth determined from the Gaussian fit versus

the integrated intensity of the HCO+ line. There is a moderate correlation, with

a Spearman’s Rank Coefficient of ρ = 0.60. (b) The HCO+ linewidth determined

from the Gaussian fit versus the 1.1 mm flux per beam from the BOLOCAT v0.7

positions, light blue circles. There is a lot of scatter but there is a moderate corre-

lation between linewidth and 1.1 mm dust emission, ρ = 0.54.

2.4 Discussion

2.4.1 Kinematic Distances

We use the kinematic model of the Galaxy as defined by the parameters de-

termined by Reid et al. (2009) to calculate the near and far distances to BGPS

clumps. One thing to note is that the distance determination for Reid et al. (2009)
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assumes all motions are in the azimuthal direction only and does not account for

any radial streaming which is known to exist near ℓ ∼ 0. This model sets the

distance from the Galactic center to the Sun to be R0 = 8.4 ± 0.6 kpc and the cir-

cular rotation speed Θ0 = 254±16 km s−1 from VLBI parallax measurements. We

then use these parameters and the kinematic definition of vLSR to compute the

distances to all of our sources with single HCO+ velocity components.

The distances for all detected sources are plotted versus Galactic longitude in

Figure 2.16. In the first quadrant (0◦ ≤ ℓ < 90◦), a velocity will give two distances

that are degenerate. Without further information, we cannot tell if a source is on

the near side or the far side of the galaxy. For sources that are known to be within

a given region, and thus approximately the same distance, we can quantify the

velocity spread of the individual sources. For instance, the spread in vLSR for

sources in 109◦ < ℓ < 112◦ is 4.9 km s−1. This is one measure of the systematic

“random” errors in our vLSR due to intrinsic motion that limits the accuracy of

the corresponding distances. Some sources have much larger peculiar motions

determined from VBLI parallax, as great as 40 km s−1 (Nagayama et al. 2011),

but it is not likely the majority of sources will be severely discrepant. Some dis-

tribution of distances is expected and the spread in velocities for sources nearby

makes an accurate kinematic distance determination difficult. In our distance de-

termination, a cloud with a velocity at or greater than the tangent velocity will be

placed at the tangent distance. In § 2.4.2, we resolve the distance ambiguity for a

subsample of our sources.
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Figure 2.16: Kinematic distance versus Galactic longitude for all sources detected

and do not have a flag of 2. The near and far distances are shown in blue circles

and red boxes respectively. This version of the plot accentuates the number of

sources that lie near the tangent points at each ℓ.

2.4.1.1 Galactocentric Distance

The Galactocentric distance is the distance of the source from the Galactic Cen-

ter and is only dependent on velocity and Galactic longitude of a source and

therefore does not have a distance ambiguity. We plot a variety of source proper-

ties versus their Galactocentric distance in Figure 2.17. The distribution of sources

clearly traces four major spiral arm structures in the Galaxy. The large peak at

4.5 kpc corresponds to the molecular ring and, for sources near ℓ = 30◦ , the edge

of the central bar. The largest concentration of sources is within these two struc-

tures. The other structures in order of Galactocentric distance are the Sagittarius

arm, the local arm, and the Perseus arm.
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Figure 2.17: (a) Histogram of Galactocentric distance of all sources with a

single HCO+ detection. (b) Linewidth versus Galactocentric distance. (c)

I(TMB, HCO+) versus Galactocentric distance. (d) I(TMB, N2H
+) versus Galac-

tocentric distance. (e) 1.1 mm dust emission versus Galactrocentric distance. (f)

Mass Surface Density (Σ) versus Galactrocentric distance. We overplot the me-

dian values the source properties in 1.5 kpc bins to look at trends in the data,

only bins with N > 20 sources are plotted. In all cases the sources in the outer

galaxy have smaller median values than those in the first quadrant. This is most

apparent in panel (f) the Mass Surface Density plot.



65

We also plot the observed quantities (linewidth, integrated intensity, and 1.1 mm

flux) versus Galactocentric distance. There is a large amount of scatter in each

1.5 kpc bin, and the median values of each quantity are nearly constant except for

the bin beyond 10 kpc. The median linewidth, integrated intensity (both HCO+

and N2H+), and 1.1 mm flux are systematically lower for sources beyond 10 kpc

compared to smaller Galactocentric distances. This could be due to a bias in

the original BGPS observing strategy. Sources at Galactocentric distances greater

than 10 kpc are predominately in the second quadrant of the Galaxy. Only a

few selected regions (e.g., Gem OB1, G111/NGC7538, IC 1396) were observed

by the BGPS in this quadrant. Unlike BGPS observations toward the first quad-

rant, these second-quadrant heterodyne follow-up observations are not a com-

plete census of sources in the second quadrant and biased toward known star

forming regions. It is possible that the observed regions are not entirely represen-

tative of the properties of Galactic sources at this distance biasing our results to

sources with stronger HCO+ and N2H
+ lines. This would make the “true” Galac-

tocentric gradient larger than what we see in Figure 2.17. Another possibility is

that nitrogen and/or carbon metallicity gradients in the Galaxy are becoming

important, and that is why HCO+ and N2H
+ are becoming weaker, on average,

beyond 10 kpc. There is a decreasing trend for both N and C in OB stars when

going from the inner galaxy to the outer galaxy (Daflon & Cunha 2004). This

same effect may manifest itself in the dense gas as well; however, more complete

sampling is needed to understand these effects.

2.4.2 Resolving the Distance Ambiguity

We must determine whether or not a source lies on the near or far side of

the tangent distance in order to resolve the distance ambiguity (see Figure 2.16).

We use three conservative methods to break the degeneracy: Coincidence with
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sources with observed maser parallax measurements, coincidence with Infrared

Dark Clouds (IRDCs), and correspondence with known kinematic structures in

the Galaxy. We then use this subsample of sources where the distance ambigu-

ity has been resolved, the “Known Distance Sample,” to study the properties of

BGPS objects. A detailed study of the probability that BGPS sources in the first

quadrant lie at the near or far distance is currently being made by Ellsworth-

Bowers et al. (in preparation).

The most accurate distance determination technique is direct parallax measure-

ments of sources by very long baseline interferometry (e.g., Reid et al. 2009a,

2009b). For a source to be considered associated with a VLBA-determined par-

allax, we allow for a source position to be different from the VLBA position by

up to 30′′ (one beam size). We have 4 sources that are coincident on the sky with

a VLBA source but only 3 with a single HCO+ detection. The distances used to

these objects are their parallax distances.

The next selection criterion we used to determine distance is coincidence with

an IRDC. IRDCs are clouds of dust that appear dark against the background of

mid-infrared Galactic radiation (for example at 8 µm). Because these objects ap-

pear in front of the majority of Galactic emission, they are assumed to be on the

near side of the galaxy. Placing an IRDC is at the near kinematic distance is a

good assumption but disregards the fact that a small number of IRDCs could be

at the far distance. IRDCs have been catalogued in the Galactic plane from MSX

mid-infrared observations (Egan et al. 1999; Simon et al. 2006) and most recently

from Spitzer Space Telescope observations (Peretto & Fuller 2009). Peretto & Fuller

(2009) developed a catalog of IRDCs and describe each cloud with an ellipse. We

first select sources that lie within the ellipse itself. In reality, IRDCs have a wide
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range of projected geometries and a simple ellipse is not always the best choice to

describe more complicated filamentary shapes. Therefore, we also did a by-eye

comparison of Spitzer GLIMPSE (Benjamin et al. 2003) images and BGPS images

and made a list of BGPS sources that appeared to be coincident with an IRDC.

Both the ellipse-coincidence method and the by-eye method suffer from different

biases (e.g., the ellipse shape is too simple and the by-eye method is subjective

and depends on image display parameters). We conservatively chose sources

that are coincident with an IRDC from both methods to be assumed to be at the

near distance (N = 192). Sources with known distances are listed in Table 2.5

with their computed physical quantities.

We have also included sources in the Known Distance Sample that do not have

distance ambiguities, including sources in the Outer Galaxy (ℓ > 90◦, N = 89)

and sources in the first quadrant that lie at the tangent distance. A caveat is that

the method used to compute the distances forces a source to be at the tangent

distance if its velocity is larger than allowed in the circular rotation model of the

Galaxy. We also include sources that are coincident with the sources in Shirley et

al. (2003) and the H II regions in Kolpak et al. (2003). In addition to all of this we

use kinematic information from Dame et al. (2001) to include sources near ℓ ∼ 80◦

that have the corresponding velocities of the Cygnus-X region. The other sources

in this ℓ range have negative velocities, indicating they lie in the outer arms. We

do the same analysis and add sources near 20◦ < ℓ < 55◦ that have velocities

corresponding to the Outer Arm. We also add a few sources with ℓ ∼ 10 that

correspond to the 3 kpc Arm. All of the 529 sources for which the distance has

been determined comprise our Known Distance Sample. For the remainder of the

chapter, we will only use the Known Distance Sample for our analysis of source
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properties unless otherwise specified. Resolution of the distance ambiguity for all

observed sources is beyond the scope of this work. In future work, we will build

probability density functions for the distances to BGPS sources by combining

dense gas tracers such as HCO+ and N2H
+ with extant data sets such as the

Galactic Ring Survey (13CO (J = 1 − 0) for diffuse-gas velocity comparison, H

I Galactic Plane Surveys (VGPS, CGPS, SGPS) for H I Self-Absoption, models

of Galactic molecular gas distribution, and a more refined analysis with IRDCs

(Ellsworth-Bowers et al., in preparation).

Figure 2.18 is a histogram of the heliocentric distances for the Known Distance

Sample. These sources include outer Galaxy sources, so the peaks of the distri-

bution do not always correspond to a specific spiral arm. The observed peak of

sources at 5 kpc from us does correspond with the Near 3 kpc arm and the edge of

the Galactic bar. The median distance of the Known Distance Sample is 2.65 kpc.

The large number of sources at a distance of 1-2 kpc comes from sources that are

in the range of ℓ = 80◦ − 85◦ and those in the outer galaxy (W3/4/5, NGC 7538).

In this area, the intrinsic dispersion of velocities is much larger than the allow-

able velocities for the kinematic model of the galaxy so we use known average

distances to the regions in this ℓ range.
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Figure 2.18: A histogram of Heliocentric Distance for the Known Distance Sample

of sources with the distance ambiguity resolved. The median of the distribution

is 2.65 kpc. The spike of sources that lies around 1 kpc are sources that are in

the range of ℓ = 80 − 85◦ and sources in the outer Galaxy. We use other distance

measurements for sources in these regions.

Compiling this distance information together gives us a look at Galactic struc-

ture. Figure 2.19 shows the face-on view of the Milky Way given the kinematic

distances we have measured. The sources that lie in the Near Sample are sep-

arated from those where we have not resolved the distance ambiguity. The un-

resolved sources are plotted twice for their near and far distances. Even with

the distance ambiguity affecting the majority of our sources one can begin to see

strong evidence for Galactic structure including the Near 3 kpc arm, the end of

the Galactic bar, as well as the Sagittarius and Perseus Arms. The “molecular

ring” is also visible between 3 and 5 kpc from the center of the Galaxy.
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Figure 2.19: Face on view of Galactic structure. Using the kinematic distances

determined along with the Galactic longitude we make a polar plot presenting

the face on view of the Milky Way. Sources in the Known Distance Sample are

plotted as green triangles. In the first quadrant of the galaxy, sources with an

unresolved distance ambiguity are plotted in blue circles and red boxes for the

near and far distance respectively. These points are plotted twice to represent

the distance ambiguity for those not associated with an object that breaks the

degeneracy. The large orange circle represents the Galactic Center and the Sun is

located at the origin.

2.4.3 Size-Linewidth Relation

Several physical properties of the clumps may be derived once the distance to

the source is determined. The size of BGPS sources was determined from analy-

sis of the flux distribution in 1.1 mm continuum images (Rosolowsky et al. 2010).

The physical size of the object is simply r = θ · Distance, where θ is the angular

radius of the sources. Figure 2.20 (a) shows histograms of the deconvolved angu-

lar source size as measured in the BOLOCAT v1.0. The median source size for the

Known Distance Sample is ∼ 60′′, or 0.752 pc. This is a factor of 2.35 larger than

the CS J = 5 − 4 source sizes from Shirley et al. (2003) (0.32 pc median source
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size) but inline with Wu et al. (2010) who find median sizes of 0.71 pc in HCN

J = 1 − 0 0.77 pc in CS J = 2 − 1. This indicates that the typical BGPS clump

is of lower density and more extended than the sample of water maser selected

clumps traced in CS J = 5−4 in the Shirley et al. survey. CS J = 5−4 also has an

effective density an order of magnitude higher than HCO+ J = 3− 2 and is trac-

ing the denser gas toward the center (Reiter et al. 2011). The Shirley et al. (2003)

CS J = 5 − 4 survey was a very heterogeneous sample of sources that spanned a

wide range of distances. In comparison to a more homogenous sample at a com-

mon distance the continuum survey of the nearby GMC Cygnus X, by Mőtte et

al. (2007), finds an average source size of 1.2 mm continuum clumps of 0.1 pc,

with a HPBW of 11′′; this is a factor of seven times smaller than the median BGPS

clumps size.

Figure 2.20: (a) The histogram of the source sizes, in pc, as determined from the

distance and the angular size in BOLOCAT v1.0 for the sources in the Known

Distance Sample. The median source size is 0.752 pc and is shown by the dotted

line. (b) shows the radius of each source versus the distance from us. This trend

is primarily from the fact the radius is a function of distance for a given source

size. The line plotted is the source size that corresponds to our beamsize at each

distance.
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We plot the clump size against the distance to the source (Figure 2.20 (b)). There

is a very strong relationship directly due to the fact that the physical size grows

directly proportional to distance for a given angular size. The line indicates the

physical size that is equivalent to our beamsize at each distance. This shows that

89% of sources are spatially resolved by the BGPS beam. We caution that we

are not resolving everything within the source as there is clear evidence of unre-

solved cores within the larger clump structures. Rather, the large size indicates

that BGPS objects are, on average, larger and more diffuse structures than have

been systematically studied before in high-mass star-formation surveys.

The integrated kinematic motions along the line-of-sight determine the ob-

served FWHM linewidth of the clumps. Linewidths may be broadened due

to thermal motions, unresolved bulk flows of gas across a cloud, small scale

(unresolved) turbulence, and optical depth effects. Thermal broadening for our

sources is minimal since ∆vtherm(FWHM) = 0.612 km s−1 at T = 20 K. The ob-

served median linewidth of HCO+ for the Known Distance Sample is 2.98 km s−1,

which indicates supersonic motions within the 30′′ beam. The typical linewidth is

comparable with the observed linewidths toward high-mass star forming clumps

(e.g., Shirley et al. 2003) and much larger than the typical linewidths observed

toward nearby low-mass star forming cores (e.g., Rosolowsky et al. 2008). Com-

paring the distribution of linewidths versus distance shows no trend at all. As a

source gets farther away, our beam is averaging over a larger source size; yet, we

do not see any systematic increase in linewidth with distance.

Optical depth effects may broaden the observed linewidth. This effect may

be especially acute for the HCO+ J = 3 − 2 line (e.g., > 11% of sources have

evidence of possible self-absorption). Equation 2.10 shows that as the optical
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depth increases, the linewidth increases:

∆v

∆vo
=

1√
ln2

√

ln(
τ

ln( 2
1+e−τ )

) (2.10)

(Phillips et al. 1979). For τ = 10, the optically thick linewidth to the optically thin

linewidth ratio is larger by a factor of 2. For our observed linewidths, which are

10 times the thermal linewidth, even accounting for modest optical depth effects,

it is unlikely that optical depth effects can account for the large observed median

linewidth. Therefore, we conclude that the dense molecular gas in typical BGPS

sources is characterized primarily by supersonic turbulence.

The size and linewidth of the Known Distance Sample clumps are directly

compared in Figure 2.21 (a). In contrast to the Larson relationship for molecu-

lar clouds (Larson 1981) we do not observe a strong size-linewidth relationship

in the dense molecular gas for BGPS clumps: ρSpearman = 0.40. While there is

a very weak trend that generally agrees with Larson’s relationship, the scatter

in the data erases our ability to say much about it. Traditionally, studies of the

size-linewidth relationship in cores find two different slopes depending on the

mass of the objects (Caselli & Myers 1995). For instance, the study of Caselli &

Myers (1995) find a very shallow slope of R0.21 for high-mass cores and a much

steeper slope of R0.53 for low-mass cores. Combining these two distributions may

partially erase the size-linewidth relationship (Shirley et al. 2003); however, the

derived power laws from Caselli & Myers (1995) predict significantly smaller

linewidths than the sources in the Known Distance Sample. The lack of a corre-

lation between size and linewidth argues against a universal scaling relationship

between the amount of supersonic turbulence in dense clumps and their size.
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Figure 2.21: (a) Size linewidth relationship of the 529 sources that have deter-

mined distances. Overplotted is the Larson relationship from Larson (1981), black

line. While it runs through the middle of our data, there is not enough of a trend

to determine anything about it. Also plotted are the two powerlaws from Caselli

and Myers (1995), R.21 (light red line) for high mass and R.53 (light blue line)

for low mass. (b) Virial linewidth versus observed linewidth shows that our

clumps are not dominated by motions due to self gravity with the majority of

sources with observed linewidths larger than the virial linewidth. (c & d) Ob-

served linewidth (1/e-width) vs surface density / mass compared with the virial

parameter α. The colored lines represent different values of the virial parameter.

This plot also shows that few of the clumps have a virial parameter less than 1

and are fully gravitationally bound.
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2.4.4 Mass Calculations

The clump mass may be calculated from the total 1.1 mm continuum flux for

each source in the Known Distance Sample by

MH2
=

S1.1 ·D2

Bν(Tdust) · κdust,1.1 · 1
100

(2.11)

(Hildebrand 1983) where S1.1 is the total dust emission from a source, D is the

distance to the source, κdust(1.1mm) = 1.14 cm2 g−1 is the dust opacity at 1.1 mm

(Ossenkopf & Henning 1994), B1.1mm is the blackbody intensity at 1.1 mm where

we initially assume a temperature of Tdust = 20 K. We also assume a gas-to-dust

mass ratio of 100:1 (Hildebrand 1983). Millimeter dust continuum observations

are incredibly sensitive to small amounts of mass, as we can detect a 20 K source

of 1.1 M⊙ at distances of 1 kpc given an average 3σ flux threshold of 90 mJy at

1.1 mm. Below (§ 4.4.1), we will systematically explore the results of changing the

dust temperature distribution of BGPS sources using a Monte Carlo simulation.

Figure 2.22 (a) plots a histogram of the masses of the Known Distance Sample

assuming Tdust = 20 K. The median mass of the sample is 320 M⊙ and the mean

is 1648 M⊙. The BOLOCAT is complete to 98% for sources > 0.4 Jy; this gives us

a completeness limit for masses of 580 M⊙ at a distance of 8.5 kpc (most of our

sources are at the near distance). The mass versus distance plot, Figure 2.22 (b)

shows the expected trend of more massive sources at the farthest distances due to

the D2 term in the mass calculation. The masses we observed range from 10 M⊙

to 105 M⊙. Compared to other samples of high-mass clumps, we probe similar

mass ranges as the H2O maser sample of Shirley et al. (2003); although, our ob-

served median mass is smaller. The mass distribution is similar to that observed

for the BGPS Galactic Center sample for sources assumed to be at the distance

of the Galactic center, 8.5 kpc (Bally et al. 2010). In comparison with clumps in



76

targeted regions in Orion (Johnstone & Bally 2006) and Cygnus-X (Mőtte et al.

2007) probe typical masses of 10s to 100s of M⊙, more analogous to core masses.

In comparison to IRDCs, (Rathborne et al. 2005, Peretto & Fuller 2010), we ap-

pear to probe the same physical properties on the same scales. IRDC fragments

tend to agree with masses of clumps in targeted regions, while the overall IRDC

properties agree with those found in this study. For example, in Peretto & Fuller

(2010) they find mass ranges of a few tenths of solar masses to nearly 105 M⊙ and

are complete to ∼ 800 M⊙. We are sensitive throughout the entire mass range

of these other samples, leading us to believe we are observing objects that span

from dense cores to clouds (see Dunham et al. 2010).
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Figure 2.22: (a) Histogram of observed masses as determined from the 1.1 mm

dust emission for the Known Distance Sample. The median of this distribution

is 320 M⊙ and the mean is 1272 M⊙. Our completeness limit is ∼ 140 M⊙ shown

by the black dotted line based on a source of 1 Jy (above which we observe every

object in the BOLOCAT) at our median distance. (b) The distribution of masses

versus the distance from us. The main trend in this plot is due to distance de-

pendence of the conversion from flux to mass, M ∝ D2. The black dotted line

represents the mass corresponding to our minimum flux versus distance. The

red dotted line represents a 1 Jy source versus distance. (c) Differential mass his-

togram with dlogM = 0.3 (binsize) assuming Td = 20K. The black dotted line is

our completeness limit, see (a). The slope of the line is fit from the largest mass

peak of the distribution to the highest masses. The slope determined for this

“binned” differential mass histogram is m = −0.70 which is not the slope we de-

termine from the MLE analysis of m = −0.91. This difference is directly caused

by the fact we have binned the data and will change based on the way one choses

the binsize.
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Using the dust-determined mass and the source size, we compute the volume-

averaged number density given a mean free particle weight, µ = 2.37 (Figure

2.23 (a)). Assuming a spherical volume for each source. The median value is

n = 2.5 × 103 cm−3, which is within a factor of 3 of the masses determined in the

NH3 survey of Gem OB1, where they find a median volume-averaged density of

n = 6.2 × 103 cm−3 (Dunham et al. 2010a). Compared to the IRDC sample of

Peretto & Fuller (2010), we probe the same range of volume-averaged number

densities from 100 to 104 cm−3. This low volume-averaged number density is a

result of the large observed source sizes and, therefore, large volume observed

toward BGPS clumps. The volume-averaged density is lower than the typical ef-

fective excitation density for HCO+ and N2H
+ J = 3− 2 emission. Steep density

gradients are known to exist in both low-mass (Shirley et al. 2002) and high-

mass (Mueller et al. 2002) star-forming clumps. If we were resolving individual

dense knots, we would expect to see a trend of linewidth with volume-averaged

density as well (Figure 2.23 (c)). Therefore, BGPS sources tend to be fairly low-

density sources with possible compact high-density regions that may be probed

with higher angular resolution observations. Some of these clumps of low den-

sity gas contain high density regions up to n = 105 cm−3, several orders of mag-

nitude higher than the average source properties (Dunham et al. 2011).
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Figure 2.23: (a) The volume-averaged number density for the “Known Distance

Sample”. The median value is 2.4 × 103 cm−3 (red dotted line). We are complete

to ∼ 1300 cm−3 (black dashed line). (b) ∆v versus the average density. (c) The av-

erage volume density of a source versus distance. We are able to measure higher

densities for closer sources because source size increases with distance given our

finite beamsize. Only nearby sources can be fully resolved. The red line indicates

our volume-averaged number density completeness vs distance for a ∼ 140 M⊙

object, Mass completeness limit, with size equal to the beamsize, minimum re-

solved source size. (d) The clump free-fall timescale and the clump crossing time

scales. The median free-fall time is ∼ 8 × 105 years. The median crossing time is

∼ 5× 105 years.
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Comparing the time scales of these clumps shows that the free-fall and crossing

time scales are similar at a few times 105 years. The median free-fall time is 8 ×

105 yr; thus, if these clouds were bound, it would take a few hundred thousand

years to collapse and begin forming stars. With the masses of these clumps we

also compute the virial linewidth as

∆v2virial =
8 ln 2 a G Mvirial

5 R
≈

a · Mobs

209 M⊙

(R /1 pc)(∆vobs/1 km s−1)2
km s−1 (2.12)

a =
1− p/3

1− 2p/5
; p = 1.5 (2.13)

This definition includes the correction factor for a power-law density distribu-

tion of p=1.5 (Bertoldi & McKee 1992, Shirley et al. 2003). The virial linewidth

represents the velocity dispersion from internal motions due to self-gravity. Fig-

ure 2.21 (b) shows the virial linewidths are smaller on average than the observed

linewidths, about 2–3 km s−1 indicating that many of the BGPS clumps are not

entirely gravitationally bound. It is likely that there are smaller denser regions

within these clumps that are gravitationally bound.

We can also look at the virial parameter in terms of the surface density (see

§2.4.4.1) of the clumps given by

αvirial =
5∆v2obs

8 ln 2πGΣR
. (2.14)

This is shown in Figure 2.21 (c). The virial parameter versus mass is also shown

in Figure 2.21 (d). This is another way of showing that few of our clouds indicate

virialized motion (α <∼ 1) and most lie more than a factor of a few above this

line. The caveat is we assume the BGPS traces ALL the mass which may not

be entirely true. The BGPS does resolve out diffuse emission and the dense gas

tracers are missing the low-density gas traced by CO or H I. It appears that most

of the clumps we see are likely not gravitationally bound but do contain dense

substructures that likely are.



81

2.4.4.1 Differential Mass Histogram

Figure 2.22 (c) shows the differential mass histogram for the number of sources

in bins of log(M). In this parameterization, the mass function takes on the form

of
dN

dlog(M)
∼ M−(α−1), (2.15)

where the power-law index is the slope of a line through the histogram. For

the observed masses, calculated assuming a dust temperature of 20 K, we find a

slope of α− 1 = 0.91. This slope is shallower than the slope of the Salpeter stellar

IMF α − 1 = 1.35 for dN/dlog(M). Our observed slope is steeper than has been

found for the mass distribution of CO clumps α − 1 = 0.6 − 0.7 (e.g., Scoville

et al. 1987). Observations of dense-gas tracers tend to increase the differential

mass histogram slope. For instance, Shirley et al. (2003) find a slope of α − 1 =

0.9 for their cumulative mass function for cores probed by CS J = 5 − 4. In

comparison to IRDCs (Peretto & Fuller 2010), they find a slope of α− 1 = .85 for

the total IRDC. This intermediate slope also suggests that we really are looking

at the intermediate case of star forming “clumps” rather than clouds or cores.

There are several sources of uncertainty in determining the slope of the differ-

ential mass histogram which we must characterize. The effect of binning has been

shown to cause problems in studies of the stellar mass function and thus will also

be problematic with the clump mass spectrum (Maı́z Apellániz & Úbeda 2005).

For instance, the choice of binsize may have a substantial effect on the computed

slope of the differential mass histogram. Bins with small numbers of sources

dominate the fit if the binwidth is chosen too small, and the number of bins used

in a linear regression decreases rapidly if the binwidth is too large. Our data do

not span many decades in mass above the the estimated completeness limit in



82

the Known Distance Sample, and thus choosing an appropriate binwidth is diffi-

cult. We can circumvent this binning problem by using the maximum-likelihood

estimator (MLE) to compute the power-law slope α (Clauset et al. 2007, Swift

& Beaumont 2010). The MLE maximizes the likelihood that the data was drawn

from a given model. If the data are drawn from the distribution given by equation

2.16, then the maximum likelihood estimate of the power-law index is α̂ given by

equation 2.17, where Mmin is the lower bound of the power law behavior and n

is the number of sources with mass greater than Mmin (Clauset et al. 2007),

p(x) =
α− 1

Mmin

(

M

Mmin

)−α

(2.16)

α̂ = 1 + n

[

n
∑

i=1

ln
Mi

Mmin

]−1

. (2.17)

Another important source of uncertainty is the assumed dust temperature of

BGPS sources. We initially assume Tdust = 20 K for every source in the Known

Distance Sample to compute our masses (Merello et al., in prep). In reality, BGPS

sources have a range of dust temperatures of an unknown distribution. We per-

form a Monte Carlo simulation of the differential mass distribution to constrain

the range α by assuming that the source temperature distribution is approxi-

mated by a Normal distribution, characterized by mean Tmean and σ(T ). We then

compute the mass of each source with a random temperature drawn from the

temperature distribution and the source flux that has an error term drawn ran-

domly from a Normal distribution added in. For each Tmean and σ(T ), the mass

histogram is computed 104 times, and we calculate the median value of α̂.

The variation of α with the temperature distribution is shown in Figure 2.24 (a).

The effect of temperature distribution is significant but not strong. As part of the
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MLE procedure we estimate the best value of Mmin, the minimum mass used in

the power-law fit for each mass distribution. This is determined by minimizing

the KS-statistic between the best-fit model and Mmin as a function of Mmin (Claus-

set et al. 2007; Swift & Beaumont 2010). The dependence of Mmin on temperature

means that colder temperatures lead to higher masses for a given observed flux.

This dependence is also seen in the median of the mass distribution, Figure 2.24

(b), and the median volume-averaged number density, Figure 2.24 (c).
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Figure 2.24: (a) The variation of the power law index with choice of temperature

distribution. (b) A Monte Carlo simulation of the median mass with variations in

temperature. The units are in M⊙. (c) A Monte Carlo simulation of the median

volume-averaged number density with variations in temperature. The units are

in cm−3. (d) A Monte Carlo simulation of the median surface density for varia-

tions in Tdust. The units are g cm−2.

There are several important caveats that must be considered in this analysis.

Foremost, the BGPS pipeline reductions will leave artifacts in the data. The pro-

cess by which the sky variation is removed from the data will also remove some of

the diffuse emission, resulting in spatial filtering of the 1.1 mm brightness distri-

butions (Aguirre et al. 2011). Furthermore, the cataloguing algorithm is also more

sensitive to peaked emission than low levels of diffuse emission (Rosolowsky et
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al. 2010). This means we are not seeing diffuse sources unless they are very

bright. We are missing flux from extended emission surrounding the clumps we

do see, thus leaving us with a lower limit on the total mass, and it also affects

the derived sizes. This survey is flux-limited, which means we also suffer from

Malmquist bias. The BGPS is sensitive to different types of sources (i.e., cores

and clumps vs. clouds) as the distance increases (see Dunham et al. 2010). The

last caveat is that the brightest BGPS clumps (most massive) are associated with

H II regions which heat the dust and may contain a significant amount of free-

free emission which would most likely lead to a steepening of the mass spec-

trum. However, we present one of the first differential mass distribution with

statistically significant numbers showing that massive clumps appear to have a

shallower slope than nearby low-mass cores.

2.4.4.2 Mass Surface Density

While the derived quantities discussed above depend explicitly on distance,

one quantity that is distance independent is mass surface density. We compute

the mass surface density while assuming Tdust = 20K from

ΣH2
=

MH2

πR2
=

37.2 · SJy

θ2arcsec
g cm−2, (2.18)

where Σ only depends on the the observed flux, observed source size, and the

assumed dust temperature.

Figure 2.25 (a) shows the mass surface density for the all of the BGPS sources

we observed with determined fluxes and sizes from the v1.0 catalog (N = 1684).

Since dust temperature variations affect the derived mass (§2.4.4.1), we also per-

form a Monte Carlo simulation to calculate the median mass surface density for

distributions with different Tmean and Tσ. The Monte Carlo simulation includes
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variations of the fluxes by the Normal distribution corresponding to the flux and

error on the flux. Figure 2.25 (b) shows how the median of the surface density

distribution changes with temperature. The median of the Tdust = 20 K distribu-

tion is 0.027 g cm−2 for the Full Sample and 0.033 g cm−2 for the Known Distance

Sample, indicating that the properties derived from the Known Distance Sample

are likely representative of the total sample. Both values are significantly smaller

than the results from Shirley et al. (2003), where they find a median surface den-

sity of 0.605 g cm−2. Our median surface density is also much smaller than the

1.0 g cm−2 threshold that Krumholz and McKee (2008) require for massive star

formation (see Fall et al. 2010).

Figure 2.25: (a) The surface density for the entire sample assuming Tdust = 20 K.

The median value is 0.027 g cm−2. The completeness limit for the entire sample

is 0.051 g cm−2 which is based on a source of 1 Jy coupled with the beamsize

(black dashed line). (b) The surface density histogram for the Known Distance

Sample. The median value is 0.033 g cm−2. The completeness limit for the Known

Distance Sample is 0.016 g cm−2 which is based on mass completeness and the

median size of a clump (black dashed line).
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The dependence of the median of surface density distribution on temperature

is shown in Figure 2.24 (d). The median mass surface density only increases by

up to a factor of 2.5 for distributions with colder dust temperatures but they are

still significantly below that of Shirley et al. (2003). The smaller mass surface

density is likely a result of the larger clump sizes measured for BGPS clumps

compared to previous surveys. However, our result does not indicate that these

BGPS clumps are not capable of forming massive stars. It is likely that observa-

tions with higher spatial resolution will reveal the observed mass surface den-

sity approaching 1.0 g cm−2 for cores within BGPS clumps. Indeed, the infrared

populations of BGPS clumps have recently been characterized by Dunham et al.

(2011) who found that many BGPS clumps are in fact forming high-mass stars.

They find that 49% of sources that are in the regions where the BGPS overlaps

with other mid-IR Galactic plane surveys contain at least one mid-IR source.

2.5 Conclusions

We used the 10m Heinrich Hertz Telescope to perform spectroscopic follow-

up observations of 1882 sources in the Bolocam Galactic Plane Survey. We si-

multaneously observed HCO+ J = 3 − 2 and N2H
+ J = 3 − 2 emission using

the dual-polarization, sideband-separating ALMA prototype receiver. Out of the

1882 observed sources, we detect ∼ 77% of the sources in HCO+ and over 50% in

N2H
+. Multiple velocity components along the line-of-sight to BGPS clumps in

these dense molecular gas tracers are rare. Our detection statistics are somewhat

biased toward more detections because this sample includes all of the intrinsi-

cally brightest sources.

We find a strong correlation between peak temperature and integrated inten-

sity of each dense gas tracer with each other and with the 1.1 mm dust flux. The
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median ratio of HCO+ integrated intensity to 1.1 mm flux is 5.42 K km s−1 per

Jy/beam . We find that HCO+ is brighter than N2H
+ for the vast majority of

sources, with a subset of only 117 sources (12.6% of sources singly detected in

N2H
+ ) where N2H

+ is the brighter of the two dense gas tracers. The ratio of

the peak line temperature and integrated intensity of the two molecules does not

correlate well with 1.1 mm dust emission.

The observed vLSR appear to follow the same distribution with Galactic longi-

tude as 13CO J = 1 − 0 emission observed by Dame et al. (2001). We determine

the linewidths from a best-fit Gaussian model and find little change, on average,

with Galactic longitude. The median linewidth is 2.98 km s−1, indicating that

BGPS clumps are dominated by supersonic turbulence. Linewidths only mod-

estly correlate with 1.1 mm flux.

We compute kinematic distances for all detected sources and are able to break

the distance ambiguity for 529 of our detections in the first and second quad-

rants using IRDC coincidence, VLBA-determined parallax source coincidence, or

proximity to the tangent velocity or known kinematic structures. Using the set of

sources of known distance, we compute the radius, mass, and average density of

the sources. We find the median source size to be 0.752 pc at a median distance

of 2.65 kpc, typically larger than source sizes observed in published surveys of

high-mass star-forming clumps and cores. Comparing linewidth to the physical

size of the source, we do not find any compelling evidence for a size-linewidth

relation in our data. We find our sources lie above the relationships found by

Caselli and Myers (1995) and have too small of a correlation to say much about

Larson’s relationship (Larson 1981).
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For an assumed dust temperature of 20K we find a median mass of ∼ 300 M⊙,

a low median volume-averaged number density of 2.4× 103 cm−3, and a median

mass surface density of 0.03 g cm−2. The similarity of the median mass surface

density between the full sample and the Known Distance Sample indicates that

the sources in the Known Distance Sample are characteristic of the Full Sample.

Compared to published surveys of high mass star formation, BGPS clumps tend

to be larger and less dense on average. We also analyzed the variation in median

mass and volume density using a Monte Carlo simulation of cores with various

dust temperature distributions. From the differential clump mass histogram, we

find a power-law slope (dN/dlogM) that is intermediate between the slope de-

rived for diffuse CO clumps and the stellar IMF. Finally, a comparison of the virial

linewidth to the observed linewidth indicates that many of the BGPS clumps in

this survey have motions consistent with not being gravitationally bound.

In the future, we plan to complete observations of the BGPS catalog for all

sources with ℓ ≥ 10◦ in the dense molecular gas tracers HCO+ and N2H
+ with

the HHT. This will be the largest systematic survey of dense molecular gas in

the Milky Way. A series of follow-up observations are currently underway to

characterize the physical properties (density, temperature) and evolutionary state

of BGPS clumps.
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Table 2.4. Data Table

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G010.014+00.084 18:07:28.5 -20:14:14.2 10.014 +0.084 5.2 0.246(0.061) 1 0.400(0.069) 1.095(0.324) 2.683 1.394 0 · · · (0.083) · · · (0.211) · · · · · · 0.3884 16.1557 0

G010.017-00.398 18:09:16.9 -20:28:04.3 10.017 -0.398 137.1 0.102(0.067) 1 0.498(0.077) 1.450(0.447) 3.045 11.405 0 · · · (0.098) · · · (0.248) · · · · · · 1.9191 14.6252 0

G010.026-00.356 18:09:08.5 -20:26:24.8 10.026 -0.356 7.8 0.375(0.050) 0 · · · (0.088) · · · (0.228) · · · · · · 0 · · · (0.103) · · · (0.260) · · · · · · · · · · · · 0

G010.043-00.424 18:09:26.0 -20:27:29.2 10.043 -0.424 105.6 0.171(0.051) 1 0.488(0.033) 1.521(0.071) 3.573 10.542 0 · · · (0.040) · · · (0.103) · · · · · · 1.8064 14.7366 0

G010.051-00.210 18:08:39.0 -20:20:49.9 10.051 -0.210 7.7 0.227(0.049) 0 · · · (0.055) · · · (0.142) · · · · · · 0 · · · (0.046) · · · (0.117) · · · · · · · · · · · · 0

G010.068-00.408 18:09:25.3 -20:25:42.6 10.068 -0.408 3.0 0.441(0.058) 4 1.080(0.070) 3.210(0.349) 3.678 11.442 1 0.441(0.088) 1.473(0.182) 3.942 60.028 1.9171 14.6246 8

G010.077-00.194 18:08:38.7 -20:19:00.7 10.077 -0.194 2.4 0.439(0.055) 1 0.475(0.091) 1.670(0.480) 4.374 27.544 1 0.281(0.092) 0.854(0.191) 0.959 77.192 3.4691 13.0718 0

G010.084-00.438 18:09:34.0 -20:25:44.6 10.084 -0.438 4.2 0.268(0.058) 0 · · · (0.069) · · · (0.399) · · · · · · 0 · · · (0.090) · · · (0.227) · · · · · · · · · · · · 1

G010.087+00.034 18:07:48.9 -20:11:50.5 10.087 +0.034 13.1 0.145(0.051) 0 · · · (0.076) · · · (0.196) · · · · · · 0 · · · (0.086) · · · (0.217) · · · · · · · · · · · · 0

G010.104-00.012 18:08:01.2 -20:12:19.2 10.104 -0.012 2.0 0.315(0.048) 1 0.840(0.084) 3.906(0.442) 4.651 41.581 1 0.719(0.071) 2.264(0.146) 4.336 90.107 4.3500 12.1894 0

G010.105-00.418 18:09:32.3 -20:24:03.5 10.105 -0.418 4.6 0.454(0.073) 1 1.699(0.064) 5.622(0.340) 3.516 11.327 1 1.154(0.091) 3.941(0.189) 3.523 60.271 1.8981 14.6418 0

G010.113-00.076 18:08:16.7 -20:13:41.2 10.113 -0.076 7.2 0.216(0.066) 0 · · · (0.065) · · · (0.167) · · · · · · 0 · · · (0.086) · · · (0.217) · · · · · · · · · · · · 0

G010.139-00.370 18:09:25.7 -20:20:54.9 10.139 -0.370 27.7 0.720(0.085) 1 1.954(0.052) 7.521(0.136) 4.646 13.833 1 0.472(0.055) 1.526(0.115) 3.400 60.732 2.1921 14.3459 0

G010.149-00.408 18:09:35.5 -20:21:25.5 10.149 -0.408 2.2 0.662(0.071) 2 · · · (0.043) · · · (0.144) · · · · · · 1 0.844(0.044) 3.943(0.111) 5.786 59.950 · · · · · · 8

G010.164-00.360 18:09:26.6 -20:19:18.4 10.164 -0.360 8.0 3.717(0.091) 4 4.431(0.050) 20.571(0.131) 6.859 14.019 1 1.295(0.049) 6.322(0.125) 5.259 61.020 2.2097 14.3270 0

G010.191-00.390 18:09:36.5 -20:18:43.8 10.191 -0.390 4.9 0.598(0.087) 1 1.628(0.044) 6.012(0.093) 4.211 10.894 1 1.774(0.041) 8.501(0.103) 4.822 58.357 1.8331 14.7022 0

G010.204-00.244 18:09:05.5 -20:13:50.1 10.204 -0.244 10.4 0.207(0.059) 1 0.858(0.072) 2.164(0.418) 2.760 13.161 0 · · · (0.094) · · · (0.238) · · · · · · 2.1055 14.4289 0

G010.209+00.048 18:08:01.0 -20:05:02.3 10.209 +0.048 185.9 0.156(0.058) 0 · · · (0.067) · · · (0.175) · · · · · · 0 · · · (0.073) · · · (0.184) · · · · · · · · · · · · 0

G010.213-00.324 18:09:24.6 -20:15:39.2 10.213 -0.324 2.9 2.331(0.095) 5 0.983(0.030) 5.151(0.090) 9.071 9.434 5 1.813(0.054) 10.322(0.157) 4.894 59.428 1.6415 14.8926 8

G010.226-00.209 18:09:00.5 -20:11:40.1 10.226 -0.209 3.8 1.422(0.056) 5 1.293(0.047) 6.012(0.122) 5.269 12.295 1 1.616(0.050) 7.548(0.127) 4.175 59.642 2.0004 14.5328 8

G010.235+00.112 18:07:49.8 -20:01:47.0 10.235 +0.112 4.8 0.313(0.058) 1 0.713(0.066) 2.005(0.349) 3.205 47.682 1 0.259(0.082) 0.805(0.171) 1.444 95.916 4.6300 11.9026 0

G010.249-00.112 18:08:41.7 -20:07:35.2 10.249 -0.112 5.7 0.452(0.069) 1 0.657(0.039) 1.718(0.083) 3.688 13.069 1 0.362(0.046) 1.180(0.094) 4.063 61.227 2.0885 14.4435 0

G010.251-00.339 18:09:32.6 -20:14:03.8 10.251 -0.339 1.5 0.214(0.076) 1 0.347(0.075) 1.906(0.395) 7.519 11.360 1 0.511(0.066) 1.834(0.137) 4.356 60.299 1.8837 14.6484 0

G010.259-00.056 18:08:30.4 -20:05:27.1 10.259 -0.056 20.4 0.131(0.060) 0 · · · (0.072) · · · (0.186) · · · · · · 0 · · · (0.077) · · · (0.195) · · · · · · · · · · · · 0

G010.263+00.072 18:08:02.3 -20:01:30.9 10.263 +0.072 7.7 0.346(0.065) 1 0.500(0.069) 1.831(0.402) 4.968 47.711 0 · · · (0.079) · · · (0.200) · · · · · · 4.6264 11.9048 0

G010.284-00.118 18:08:47.3 -20:05:57.5 10.284 -0.118 11.1 2.690(0.095) 4 2.680(0.051) 10.696(0.133) 4.777 13.239 1 3.696(0.051) 18.144(0.130) 4.807 61.161 2.1036 14.4266 0

G010.291-00.356 18:09:41.3 -20:12:29.8 10.291 -0.356 5.7 0.278(0.047) 1 0.187(0.046) 0.678(0.098) 3.756 11.249 0 · · · (0.041) · · · (0.104) · · · · · · 1.8651 14.6650 0

G010.291+00.094 18:08:00.8 -19:59:22.7 10.291 +0.094 129.4 0.096(0.061) 0 · · · (0.056) · · · (0.146) · · · · · · 0 · · · (0.040) · · · (0.102) · · · · · · · · · · · · 0

G010.299-00.148 18:08:55.9 -20:06:01.1 10.299 -0.148 2.6 4.297(0.100) 4 5.172(0.038) 30.324(0.114) 7.768 13.556 1 3.627(0.044) 16.206(0.112) 4.710 60.670 2.1378 14.3915 0

G010.313-00.098 18:08:46.5 -20:03:49.4 10.313 -0.098 63.8 0.186(0.079) 1 0.171(0.043) 0.290(0.064) 1.869 10.685 0 · · · (0.038) · · · (0.096) · · · · · · 1.7915 14.7371 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G010.319-00.258 18:09:22.9 -20:08:08.4 10.319 -0.258 3.3 1.251(0.053) 1 0.832(0.036) 2.608(0.076) 3.693 32.147 1 0.857(0.046) 2.744(0.096) 3.600 80.067 3.7498 12.7786 0

G010.323-00.232 18:09:17.5 -20:07:11.7 10.323 -0.232 10.8 0.587(0.052) 1 0.584(0.037) 1.597(0.078) 3.940 32.488 1 0.383(0.042) 1.311(0.086) 3.767 80.029 3.7717 12.7565 0

G010.323-00.162 18:09:02.0 -20:05:09.2 10.323 -0.162 2.3 2.768(0.089) 4 2.361(0.047) 9.620(0.123) 4.678 12.512 1 1.007(0.038) 3.191(0.078) 3.867 59.280 2.0133 14.5148 0

G010.343-00.144 18:09:00.4 -20:03:36.5 10.343 -0.144 3.8 2.213(0.089) 4 2.519(0.032) 10.919(0.082) 5.156 12.729 1 2.325(0.041) 11.012(0.105) 4.647 59.833 2.0363 14.4907 0

G010.345-00.016 18:08:32.1 -19:59:44.4 10.345 -0.016 7.9 0.197(0.057) 0 · · · (0.064) · · · (0.165) · · · · · · 0 · · · (0.088) · · · (0.223) · · · · · · · · · · · · 0

G010.369+00.042 18:08:22.1 -19:56:48.6 10.369 +0.042 5.7 0.192(0.061) 0 · · · (0.036) · · · (0.094) · · · · · · 0 · · · (0.044) · · · (0.111) · · · · · · · · · · · · 0

G010.371-00.077 18:08:49.0 -20:00:10.5 10.371 -0.077 6.0 0.359(0.052) 0 · · · (0.076) · · · (0.196) · · · · · · 0 · · · (0.074) · · · (0.187) · · · · · · · · · · · · 0

G010.377-00.094 18:08:53.5 -20:00:21.0 10.377 -0.094 36.4 0.297(0.059) 0 · · · (0.079) · · · (0.204) · · · · · · 0 · · · (0.077) · · · (0.195) · · · · · · · · · · · · 0

G010.382-00.050 18:08:44.1 -19:58:50.6 10.382 -0.050 7.2 0.506(0.055) 0 · · · (0.063) · · · (0.335) · · · · · · 1 0.234(0.074) 0.727(0.152) 2.156 117.495 · · · · · · 0

G010.397-00.176 18:09:14.3 -20:01:40.5 10.397 -0.176 105.0 0.076(0.061) 0 · · · (0.079) · · · (0.419) · · · · · · 0 · · · (0.075) · · · (0.189) · · · · · · · · · · · · 0

G010.403-00.202 18:09:20.8 -20:02:07.5 10.403 -0.202 9.5 0.425(0.067) 1 1.370(0.065) 6.893(0.346) 4.975 11.192 1 1.635(0.063) 5.332(0.129) 3.501 59.606 1.8441 14.6798 8

G010.429-00.216 18:09:27.2 -20:01:11.1 10.429 -0.216 11.9 0.215(0.071) 5 0.478(0.040) 1.386(0.084) 2.676 10.755 1 0.243(0.038) 0.636(0.078) 1.236 57.629 1.7869 14.7357 0

G010.445-00.018 18:08:44.9 -19:54:34.4 10.445 -0.018 3.2 0.993(0.081) 1 0.421(0.045) 2.421(0.150) 9.746 73.249 1 0.153(0.039) 0.753(0.100) 6.311 122.397 5.5544 10.9672 0

G010.451-00.286 18:09:45.5 -20:02:02.5 10.451 -0.286 149.4 0.105(0.067) 0 · · · (0.064) · · · (0.167) · · · · · · 0 · · · (0.068) · · · (0.174) · · · · · · · · · · · · 0

G010.471+00.026 18:08:38.3 -19:51:54.9 10.471 +0.026 3.0 13.536(0.107) 2 · · · (0.049) · · · (0.164) · · · · · · 1 1.992(0.053) 12.903(0.156) 8.210 113.875 · · · · · · 4

G010.513-00.066 18:09:04.0 -19:52:25.5 10.513 -0.066 121.7 0.098(0.046) 0 · · · (0.051) · · · (0.132) · · · · · · 0 · · · (0.053) · · · (0.134) · · · · · · · · · · · · 0

G010.513-00.030 18:08:56.0 -19:51:20.7 10.513 -0.030 8.4 0.226(0.057) 0 · · · (0.042) · · · (0.109) · · · · · · 0 · · · (0.040) · · · (0.102) · · · · · · · · · · · · 0

G010.572-00.024 18:09:01.9 -19:48:07.0 10.572 -0.024 7.7 0.165(0.042) 1 0.345(0.036) 1.069(0.076) 2.608 67.002 1 0.117(0.049) 0.499(0.124) 6.377 114.786 5.3351 11.1797 0

G010.579-00.349 18:10:15.5 -19:57:09.9 10.579 -0.349 7.1 0.321(0.062) 1 0.617(0.039) 1.806(0.083) 2.972 -2.633 1 0.461(0.041) 1.414(0.086) 3.215 44.849 0.4064 16.9212 0

G010.589-00.308 18:10:07.4 -19:55:27.0 10.589 -0.308 9.9 0.211(0.050) 0 · · · (0.072) · · · (0.188) · · · · · · 0 · · · (0.087) · · · (0.222) · · · · · · · · · · · · 1

G010.597-00.424 18:10:34.4 -19:58:22.3 10.597 -0.424 99.5 0.127(0.067) 1 0.741(0.047) 1.962(0.250) 3.079 -3.650 1 0.489(0.060) 1.343(0.123) 1.307 45.005 0.6273 17.1412 0

G010.601-00.370 18:10:22.7 -19:56:37.4 10.601 -0.370 6.4 0.346(0.087) 1 1.159(0.040) 3.645(0.085) 3.089 -3.312 1 0.317(0.038) 0.972(0.079) 3.653 44.248 0.5521 17.0657 0

G010.619-00.032 18:09:09.5 -19:45:51.1 10.619 -0.032 14.2 0.247(0.044) 1 0.494(0.063) 1.507(0.368) 3.059 63.997 0 · · · (0.101) · · · (0.257) · · · · · · 5.2243 11.2880 0

G010.621-00.441 18:10:41.2 -19:57:38.7 10.621 -0.441 5.9 0.559(0.070) 1 1.798(0.035) 5.467(0.073) 3.345 -1.538 1 1.316(0.040) 4.459(0.082) 3.669 46.003 0.1770 16.6896 0

G010.625-00.384 18:10:28.7 -19:55:45.6 10.625 -0.384 4.6 14.976(0.098) 2 · · · (0.110) · · · (0.369) · · · · · · 2 · · · (0.100) · · · (0.293) · · · · · · · · · · · · 4

G010.625-00.338 18:10:18.6 -19:54:24.8 10.625 -0.338 1.8 1.666(0.077) 1 2.238(0.044) 9.360(0.113) 4.725 -4.074 1 1.953(0.049) 9.375(0.124) 3.888 42.962 0.7206 17.2329 0

G010.631-00.510 18:10:57.8 -19:59:04.6 10.631 -0.510 8.5 0.555(0.060) 1 0.803(0.040) 1.992(0.085) 2.975 -3.642 1 0.545(0.045) 1.450(0.092) 2.240 43.848 0.6225 17.1347 0

G010.651-00.126 18:09:34.5 -19:46:53.6 10.651 -0.126 0.9 0.194(0.048) 1 0.362(0.070) 2.008(0.404) 6.264 28.906 0 · · · (0.083) · · · (0.210) · · · · · · 3.4676 13.0430 8

G010.659-00.326 18:10:20.0 -19:52:18.7 10.659 -0.326 116.2 0.258(0.054) 1 0.650(0.056) 1.306(0.263) 1.853 -2.439 1 0.370(0.059) 0.769(0.086) 1.175 46.240 0.3612 16.8716 0

G010.661+00.124 18:08:39.8 -19:39:07.3 10.661 +0.124 17.3 0.094(0.040) 0 · · · (0.036) · · · (0.093) · · · · · · 0 · · · (0.049) · · · (0.125) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G010.661+00.078 18:08:50.2 -19:40:26.5 10.661 +0.078 10.0 0.364(0.037) 5 0.585(0.076) 2.291(0.404) 3.702 21.140 1 0.345(0.077) 1.147(0.159) 0.804 70.089 2.8462 13.6638 0

G010.665-00.161 18:09:44.0 -19:47:12.2 10.665 -0.161 10.4 0.194(0.046) 1 0.246(0.029) 1.150(0.075) 5.326 29.480 1 0.166(0.039) 0.330(0.057) 1.833 78.244 3.5062 13.0037 8

G010.671-00.220 18:09:57.9 -19:48:34.8 10.671 -0.220 8.4 0.615(0.039) 5 0.757(0.034) 2.588(0.071) 3.621 29.451 1 0.738(0.039) 2.128(0.081) 2.634 76.764 3.5031 13.0065 8

G010.672-00.198 18:09:53.2 -19:47:52.4 10.672 -0.198 3.5 0.409(0.044) 1 0.637(0.060) 1.952(0.349) 2.903 28.441 1 0.362(0.076) 0.477(0.111) 1.077 76.590 3.4304 13.0790 0

G010.681-00.028 18:09:16.2 -19:42:29.3 10.681 -0.028 3.0 1.010(0.055) 5 1.113(0.035) 3.660(0.091) 5.384 50.210 1 1.449(0.040) 5.937(0.101) 4.675 98.495 4.6672 11.8417 0

G010.683-00.128 18:09:38.8 -19:45:16.3 10.683 -0.128 5.5 0.300(0.052) 0 · · · (0.060) · · · (0.316) · · · · · · 1 0.376(0.081) 1.062(0.169) 2.528 78.963 · · · · · · 1

G010.687-00.308 18:10:19.5 -19:50:19.0 10.687 -0.308 4.0 0.449(0.035) 1 0.754(0.035) 1.974(0.075) 2.318 -1.685 1 0.304(0.047) 0.824(0.097) 2.216 45.664 0.2048 16.7136 8

G010.693-00.406 18:10:42.2 -19:52:49.1 10.693 -0.406 6.9 0.188(0.045) 5 0.271(0.037) 0.565(0.055) 1.574 25.898 0 · · · (0.043) · · · (0.110) · · · · · · 3.2364 13.2723 0

G010.695+00.048 18:09:01.2 -19:39:32.2 10.695 +0.048 6.6 0.207(0.044) 0 · · · (0.058) · · · (0.150) · · · · · · 0 · · · (0.072) · · · (0.182) · · · · · · · · · · · · 0

G010.699-00.102 18:09:35.0 -19:43:40.7 10.699 -0.102 15.4 0.249(0.050) 1 0.540(0.066) 1.367(0.384) 2.163 51.526 0 · · · (0.072) · · · (0.184) · · · · · · 4.7224 11.7856 0

G010.705+00.022 18:09:08.1 -19:39:46.0 10.705 +0.022 10.2 0.179(0.045) 1 0.279(0.072) 1.344(0.420) 5.767 37.814 0 · · · (0.077) · · · (0.195) · · · · · · 4.0321 12.4756 0

G010.726-00.332 18:10:29.7 -19:48:58.4 10.726 -0.332 7.2 0.817(0.042) 1 2.319(0.047) 7.014(0.099) 3.176 -1.675 1 1.391(0.040) 4.421(0.082) 3.823 45.793 0.2012 16.7080 0

G010.726-00.148 18:09:48.6 -19:43:35.8 10.726 -0.148 12.8 0.159(0.046) 0 · · · (0.077) · · · (0.449) · · · · · · 0 · · · (0.073) · · · (0.186) · · · · · · · · · · · · 0

G010.743-00.126 18:09:45.8 -19:42:03.7 10.743 -0.126 1.5 0.686(0.043) 5 0.796(0.031) 3.712(0.080) 5.564 28.641 1 0.796(0.041) 2.726(0.085) 3.379 76.874 3.4329 13.0727 8

G010.743-00.232 18:10:09.4 -19:45:08.4 10.743 -0.232 10.3 0.246(0.049) 1 0.672(0.072) 1.708(0.419) 2.417 29.541 1 0.558(0.094) 1.015(0.137) 1.328 78.130 3.4972 13.0085 0

G010.745-00.295 18:10:23.9 -19:46:53.3 10.745 -0.295 5.8 0.163(0.043) 1 0.202(0.042) 0.282(0.062) 1.176 -1.657 0 · · · (0.040) · · · (0.100) · · · · · · 0.1970 16.7027 0

G010.747+00.016 18:09:14.6 -19:37:45.5 10.747 +0.016 2.6 0.449(0.045) 0 · · · (0.041) · · · (0.061) · · · · · · 0 · · · (0.042) · · · (0.106) · · · · · · · · · · · · 1

G010.752-00.200 18:10:03.5 -19:43:43.2 10.752 -0.200 4.0 0.450(0.045) 1 0.721(0.065) 2.114(0.345) 3.082 32.106 1 0.532(0.084) 1.545(0.173) 3.276 80.069 3.6708 12.8344 8

G010.763-00.300 18:10:27.1 -19:46:04.6 10.763 -0.300 71.1 0.145(0.042) 0 · · · (0.052) · · · (0.134) · · · · · · 0 · · · (0.057) · · · (0.146) · · · · · · · · · · · · 0

G010.799-00.380 18:10:49.4 -19:46:29.4 10.799 -0.380 9.8 0.164(0.039) 1 0.216(0.038) 0.635(0.081) 2.918 -2.003 0 · · · (0.037) · · · (0.093) · · · · · · 0.2646 16.7675 0

G010.825-00.404 18:10:57.9 -19:45:50.0 10.825 -0.404 27.6 0.152(0.040) 0 · · · (0.071) · · · (0.184) · · · · · · 0 · · · (0.069) · · · (0.176) · · · · · · · · · · · · 0

G010.825-00.102 18:09:50.5 -19:37:04.8 10.825 -0.102 2.6 0.182(0.042) 5 0.694(0.079) 3.205(0.457) 5.053 68.980 1 0.747(0.073) 2.986(0.185) 4.748 117.275 5.3608 11.1402 0

G010.829-00.022 18:09:33.1 -19:34:33.1 10.829 -0.022 36.1 0.410(0.041) 5 0.257(0.035) 1.009(0.092) 4.617 21.638 1 0.175(0.036) 0.589(0.074) 4.330 69.475 2.8639 13.6369 0

G010.855+00.062 18:09:17.8 -19:30:43.2 10.855 +0.062 7.3 0.141(0.044) 1 0.353(0.049) 0.613(0.203) 2.008 37.670 1 0.150(0.045) 0.313(0.094) 2.481 84.518 3.9977 12.5017 0

G010.861+00.126 18:09:04.2 -19:28:34.8 10.861 +0.126 2.2 0.321(0.041) 1 1.189(0.070) 3.254(0.407) 3.566 14.195 1 0.867(0.099) 2.423(0.206) 2.339 62.967 2.1345 14.3646 0

G010.865-00.488 18:11:21.6 -19:46:08.1 10.865 -0.488 5.8 0.154(0.046) 0 · · · (0.052) · · · (0.273) · · · · · · 0 · · · (0.051) · · · (0.129) · · · · · · · · · · · · 0

G010.885+00.122 18:09:08.0 -19:27:24.8 10.885 +0.122 6.2 0.302(0.042) 1 1.371(0.078) 5.040(0.488) 4.328 20.285 1 0.736(0.074) 2.323(0.152) 3.633 68.268 2.7352 13.7626 0

G010.887-00.052 18:09:46.9 -19:32:22.7 10.887 -0.052 11.4 0.164(0.039) 0 · · · (0.076) · · · (0.198) · · · · · · 0 · · · (0.082) · · · (0.208) · · · · · · · · · · · · 0

G010.901+00.067 18:09:22.3 -19:28:12.4 10.901 +0.067 6.3 0.208(0.046) 0 · · · (0.055) · · · (0.291) · · · · · · 0 · · · (0.065) · · · (0.166) · · · · · · · · · · · · 0

G010.907-00.492 18:11:27.6 -19:44:03.1 10.907 -0.492 5.7 0.192(0.046) 0 · · · (0.057) · · · (0.148) · · · · · · 0 · · · (0.062) · · · (0.157) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G010.919-00.358 18:10:59.3 -19:39:32.6 10.919 -0.358 1.1 0.160(0.039) 0 · · · (0.074) · · · (0.192) · · · · · · 0 · · · (0.088) · · · (0.224) · · · · · · · · · · · · 0

G010.927+00.071 18:09:24.7 -19:26:41.8 10.927 +0.071 15.7 0.136(0.050) 0 · · · (0.046) · · · (0.119) · · · · · · 0 · · · (0.053) · · · (0.136) · · · · · · · · · · · · 0

G010.932+00.072 18:09:25.0 -19:26:23.8 10.932 +0.072 2.8 0.146(0.051) 1 0.193(0.046) 0.585(0.191) 4.061 19.154 0 · · · (0.055) · · · (0.139) · · · · · · 2.6244 13.8707 0

G010.959+00.020 18:09:39.8 -19:26:29.0 10.959 +0.020 2.2 1.178(0.055) 1 2.797(0.034) 12.646(0.087) 5.588 21.507 1 1.112(0.043) 4.878(0.109) 4.428 68.824 2.8324 13.6612 0

G010.971+00.133 18:09:16.3 -19:22:36.0 10.971 +0.133 17.8 0.316(0.042) 1 0.616(0.059) 1.787(0.313) 2.572 9.307 1 0.571(0.093) 0.858(0.135) 1.548 57.494 1.5453 14.9477 0

G010.975-00.096 18:10:07.5 -19:29:01.1 10.975 -0.096 6.2 0.789(0.044) 5 0.723(0.034) 2.700(0.072) 4.491 30.184 1 0.946(0.038) 3.001(0.078) 3.022 77.298 3.5031 12.9897 0

G010.977-00.056 18:09:59.0 -19:27:45.6 10.977 -0.056 16.3 0.082(0.039) 1 0.491(0.053) 2.017(0.305) 4.647 29.807 1 0.333(0.056) 1.336(0.143) 4.873 77.504 3.4765 13.0161 0

G010.985-00.370 18:11:09.9 -19:36:25.3 10.985 -0.370 6.8 0.376(0.036) 1 0.582(0.035) 1.647(0.075) 2.945 -0.556 1 0.534(0.043) 1.546(0.090) 2.920 47.164 0.0221 16.4705 0

G010.985-00.148 18:10:20.5 -19:29:59.4 10.985 -0.148 1.4 0.178(0.039) 0 · · · (0.052) · · · (0.134) · · · · · · 0 · · · (0.055) · · · (0.140) · · · · · · · · · · · · 1

G010.989-00.084 18:10:06.7 -19:27:55.9 10.989 -0.084 1.8 0.779(0.046) 1 0.936(0.031) 2.545(0.067) 2.600 29.547 1 0.570(0.038) 1.630(0.079) 3.259 76.894 3.4563 13.0357 8

G011.002-00.174 18:10:28.4 -19:29:53.9 11.002 -0.174 14.6 0.220(0.040) 0 · · · (0.057) · · · (0.303) · · · · · · 0 · · · (0.073) · · · (0.185) · · · · · · · · · · · · 0

G011.009-00.132 18:10:19.9 -19:28:17.2 11.009 -0.132 102.3 0.117(0.048) 0 · · · (0.041) · · · (0.217) · · · · · · 1 0.216(0.049) 1.488(0.226) 2.667 80.385 · · · · · · 1

G011.032+00.026 18:09:47.4 -19:22:30.5 11.032 +0.026 1.4 0.237(0.037) 1 0.715(0.042) 2.285(0.243) 3.728 18.138 1 0.233(0.057) 0.547(0.117) 2.018 66.379 2.5142 13.9753 0

G011.035+00.060 18:09:40.2 -19:21:21.1 11.035 +0.060 6.1 0.777(0.038) 4 1.080(0.054) 4.855(0.141) 5.588 15.396 1 0.516(0.055) 2.461(0.140) 4.715 61.859 2.2400 14.2494 0

G011.045+00.138 18:09:24.1 -19:18:33.8 11.045 +0.138 2.7 0.188(0.042) 0 · · · (0.057) · · · (0.149) · · · · · · 0 · · · (0.063) · · · (0.160) · · · · · · · · · · · · 0

G011.053-00.040 18:10:04.8 -19:23:17.6 11.053 -0.040 9.9 0.160(0.037) 1 0.396(0.058) 0.828(0.087) 1.733 30.411 1 0.274(0.065) 0.328(0.095) 0.982 77.595 3.5058 12.9826 8

G011.055+00.100 18:09:33.9 -19:19:06.3 11.055 +0.100 16.3 0.121(0.042) 0 · · · (0.046) · · · (0.119) · · · · · · 0 · · · (0.052) · · · (0.131) · · · · · · · · · · · · 0

G011.063-00.096 18:10:18.5 -19:24:23.9 11.063 -0.096 1.7 0.505(0.042) 1 0.492(0.042) 1.441(0.089) 3.005 29.308 0 · · · (0.074) · · · (0.108) · · · · · · 3.4274 13.0604 8

G011.075-00.386 18:11:24.5 -19:32:10.0 11.075 -0.386 6.5 0.640(0.050) 5 0.853(0.056) 2.651(0.118) 3.083 -0.408 1 0.612(0.042) 1.922(0.087) 3.524 47.160 0.0508 16.4367 0

G011.084-00.536 18:11:59.2 -19:36:02.0 11.084 -0.536 0.7 0.812(0.057) 1 1.054(0.057) 4.253(0.149) 4.820 29.466 1 0.565(0.049) 2.654(0.125) 4.596 77.475 3.4357 13.0517 8

G011.089+00.010 18:09:58.0 -19:19:57.3 11.089 +0.010 9.2 0.144(0.040) 1 0.604(0.046) 1.089(0.241) 2.050 26.508 0 · · · (0.048) · · · (0.122) · · · · · · 3.2183 13.2680 0

G011.101+00.070 18:09:46.0 -19:17:35.6 11.101 +0.070 5.3 0.202(0.042) 1 0.327(0.042) 1.002(0.244) 3.755 21.253 1 0.150(0.049) 0.674(0.125) 3.619 69.559 2.7890 13.6967 0

G011.107+00.136 18:09:32.1 -19:15:21.8 11.107 +0.136 3.6 0.152(0.041) 0 · · · (0.048) · · · (0.125) · · · · · · 0 · · · (0.054) · · · (0.138) · · · · · · · · · · · · 1

G011.109-00.116 18:10:28.6 -19:22:34.7 11.109 -0.116 4.6 0.818(0.040) 1 1.489(0.042) 6.289(0.263) 6.088 29.009 1 1.130(0.047) 4.003(0.097) 3.904 77.133 3.3988 13.0865 8

G011.111-00.398 18:11:31.7 -19:30:37.4 11.111 -0.398 2.7 1.769(0.056) 1 2.195(0.050) 7.526(0.292) 4.416 -0.589 1 2.020(0.040) 8.963(0.101) 4.317 47.611 0.0177 16.4678 0

G011.117+00.050 18:09:52.5 -19:17:20.7 11.117 +0.050 7.0 0.382(0.042) 4 0.793(0.056) 3.171(0.145) 6.372 21.667 1 0.609(0.071) 2.990(0.181) 4.682 69.638 2.8225 13.6622 0

G011.123+00.114 18:09:39.0 -19:15:10.1 11.123 +0.114 95.0 0.137(0.041) 0 · · · (0.046) · · · (0.119) · · · · · · 0 · · · (0.039) · · · (0.099) · · · · · · · · · · · · 0

G011.130-00.129 18:10:33.9 -19:21:50.6 11.130 -0.129 29.1 0.638(0.039) 1 0.687(0.037) 1.969(0.195) 2.562 30.501 1 0.484(0.042) 1.568(0.086) 3.088 78.184 3.4996 12.9845 8

G011.147+00.054 18:09:55.3 -19:15:38.5 11.147 +0.054 3.1 0.141(0.040) 1 0.373(0.042) 1.110(0.242) 2.993 -5.540 0 · · · (0.045) · · · (0.113) · · · · · · 1.0036 17.4866 0

G011.147-00.398 18:11:36.1 -19:28:43.1 11.147 -0.398 127.5 0.120(0.045) 1 0.581(0.048) 1.670(0.277) 2.439 1.119 1 0.243(0.052) 0.481(0.077) 1.609 49.429 0.3225 16.1609 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G011.152-00.002 18:10:08.5 -19:16:57.6 11.152 -0.002 200.9 0.103(0.037) 0 · · · (0.041) · · · (0.107) · · · · · · 0 · · · (0.051) · · · (0.128) · · · · · · · · · · · · 0

G011.171-00.066 18:10:25.0 -19:17:52.2 11.171 -0.066 4.4 0.188(0.043) 1 0.574(0.055) 1.839(0.117) 3.533 22.484 0 · · · (0.060) · · · (0.152) · · · · · · 2.8843 13.5975 0

G011.201-00.092 18:10:34.6 -19:17:01.9 11.201 -0.092 5.9 0.397(0.039) 0 · · · (0.035) · · · (0.203) · · · · · · 1 0.207(0.038) 0.343(0.056) 0.808 80.051 · · · · · · 1

G011.221+00.111 18:09:51.7 -19:10:06.0 11.221 +0.111 10.0 0.149(0.040) 0 · · · (0.069) · · · (0.178) · · · · · · 0 · · · (0.073) · · · (0.184) · · · · · · · · · · · · 0

G011.227-00.058 18:10:30.1 -19:14:40.5 11.227 -0.058 2.3 0.237(0.043) 1 0.291(0.063) 0.804(0.134) 2.475 31.750 1 0.314(0.068) 0.766(0.140) 1.941 78.878 3.5679 12.9107 8

G011.231+00.136 18:09:47.5 -19:08:51.2 11.231 +0.136 5.4 0.162(0.039) 0 · · · (0.043) · · · (0.113) · · · · · · 0 · · · (0.049) · · · (0.124) · · · · · · · · · · · · 0

G011.241+00.066 18:10:04.2 -19:10:21.0 11.241 +0.066 2.6 0.166(0.042) 0 · · · (0.041) · · · (0.196) · · · · · · 1 0.171(0.053) 0.437(0.109) 2.759 77.911 · · · · · · 1

G011.263+00.006 18:10:20.4 -19:10:56.9 11.263 +0.006 16.4 0.115(0.042) 0 · · · (0.044) · · · (0.115) · · · · · · 0 · · · (0.042) · · · (0.107) · · · · · · · · · · · · 0

G011.281-00.450 18:12:04.1 -19:23:10.4 11.281 -0.450 16.1 0.169(0.046) 0 · · · (0.055) · · · (0.291) · · · · · · 1 0.188(0.053) 0.325(0.078) 0.740 81.140 · · · · · · 1

G011.283-00.349 18:11:41.8 -19:20:07.9 11.283 -0.349 2.1 0.165(0.041) 0 · · · (0.049) · · · (0.128) · · · · · · 0 · · · (0.047) · · · (0.119) · · · · · · · · · · · · 0

G011.287+00.322 18:09:13.1 -19:00:30.8 11.287 +0.322 7.8 0.153(0.043) 0 · · · (0.042) · · · (0.108) · · · · · · 0 · · · (0.054) · · · (0.136) · · · · · · · · · · · · 1

G011.303-00.059 18:10:39.8 -19:10:43.6 11.303 -0.059 6.2 0.342(0.043) 1 0.554(0.041) 1.313(0.192) 2.080 31.607 1 0.241(0.053) 0.694(0.111) 1.774 79.674 3.5462 12.9280 8

G011.333-00.536 18:12:29.8 -19:22:54.4 11.333 -0.536 6.6 0.177(0.057) 1 0.488(0.049) 0.945(0.257) 1.904 35.598 1 0.295(0.055) 0.522(0.080) 1.380 83.781 3.7955 12.6777 8

G011.393+00.010 18:10:35.4 -19:03:59.7 11.393 +0.010 1.8 0.133(0.039) 0 · · · (0.050) · · · (0.130) · · · · · · 0 · · · (0.049) · · · (0.123) · · · · · · · · · · · · 0

G011.467-00.142 18:11:18.2 -19:04:29.3 11.467 -0.142 2.2 0.206(0.037) 0 · · · (0.045) · · · (0.117) · · · · · · 0 · · · (0.050) · · · (0.126) · · · · · · · · · · · · 0

G011.467+00.026 18:10:40.8 -18:59:36.9 11.467 +0.026 14.2 0.123(0.041) 0 · · · (0.047) · · · (0.273) · · · · · · 0 · · · (0.053) · · · (0.134) · · · · · · · · · · · · 0

G011.497+00.214 18:10:02.8 -18:52:38.0 11.497 +0.214 8.8 0.281(0.040) 1 0.495(0.046) 2.203(0.241) 4.683 0.320 0 · · · (0.051) · · · (0.130) · · · · · · 0.1819 16.2812 0

G011.593-00.390 18:12:28.9 -19:05:00.1 11.593 -0.390 22.8 0.163(0.043) 0 · · · (0.068) · · · (0.177) · · · · · · 0 · · · (0.081) · · · (0.206) · · · · · · · · · · · · 1

G011.697-00.484 18:13:02.5 -19:02:15.0 11.697 -0.484 7.0 0.144(0.046) 0 · · · (0.071) · · · (0.183) · · · · · · 0 · · · (0.089) · · · (0.225) · · · · · · · · · · · · 0

G011.725-00.066 18:11:32.9 -18:48:44.1 11.725 -0.066 8.7 0.314(0.041) 1 0.297(0.065) 0.823(0.138) 2.717 60.715 1 0.177(0.079) 0.569(0.164) 3.158 108.251 4.9327 11.5168 0

G011.757-00.150 18:11:55.4 -18:49:27.0 11.757 -0.150 5.4 0.555(0.043) 5 1.101(0.046) 3.971(0.242) 4.290 59.133 1 0.671(0.043) 2.903(0.109) 4.324 106.948 4.8671 11.5804 0

G011.765-00.420 18:12:56.6 -18:56:49.8 11.765 -0.420 6.6 0.184(0.036) 0 · · · (0.072) · · · (0.186) · · · · · · 0 · · · (0.077) · · · (0.196) · · · · · · · · · · · · 0

G011.795-00.132 18:11:56.1 -18:46:57.5 11.795 -0.132 11.2 0.153(0.041) 1 0.231(0.068) 0.649(0.143) 2.462 59.203 0 · · · (0.067) · · · (0.171) · · · · · · 4.8643 11.5811 0

G011.829-00.064 18:11:45.2 -18:43:12.9 11.829 -0.064 9.9 0.102(0.035) 0 · · · (0.063) · · · (0.162) · · · · · · 0 · · · (0.071) · · · (0.181) · · · · · · · · · · · · 0

G011.905-00.140 18:12:11.2 -18:41:24.6 11.905 -0.140 2.7 1.503(0.058) 5 1.170(0.041) 6.127(0.256) 6.126 36.552 1 1.088(0.049) 5.221(0.124) 6.477 84.474 3.7624 12.6764 0

G011.941-00.154 18:12:18.9 -18:39:54.3 11.941 -0.154 1.3 0.798(0.053) 1 1.982(0.059) 8.291(0.154) 4.820 42.809 1 1.120(0.068) 5.157(0.171) 4.480 90.548 4.1044 12.3321 0

G011.943-00.260 18:12:42.5 -18:42:51.7 11.943 -0.260 2.3 0.583(0.042) 5 0.720(0.068) 3.269(0.176) 6.728 62.464 1 0.607(0.081) 2.963(0.205) 4.012 110.154 4.9667 11.4699 0

G011.947-00.036 18:11:53.3 -18:36:11.5 11.947 -0.036 1.5 1.116(0.054) 5 1.402(0.064) 8.059(0.190) 8.172 39.117 1 0.700(0.074) 4.333(0.217) 6.764 86.888 3.9038 12.5323 0

G011.992-00.272 18:12:51.0 -18:40:38.0 11.992 -0.272 4.8 0.377(0.040) 1 0.557(0.057) 2.432(0.148) 5.394 60.575 1 0.362(0.064) 1.594(0.162) 4.081 107.742 4.8885 11.5451 0

G012.027-00.032 18:12:02.0 -18:31:50.2 12.027 -0.032 7.0 0.442(0.042) 4 0.896(0.096) 3.372(0.204) 4.527 111.302 1 0.510(0.103) 1.640(0.213) 2.512 158.536 6.3141 10.1172 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G012.113-00.296 18:13:11.2 -18:34:58.0 12.113 -0.296 2.7 0.216(0.037) 1 0.589(0.088) 1.395(0.187) 2.948 51.534 0 · · · (0.090) · · · (0.229) · · · · · · 4.4983 11.9279 0

G012.149-00.028 18:12:16.0 -18:25:19.7 12.149 -0.028 7.8 0.128(0.040) 1 0.374(0.070) 1.180(0.148) 3.173 47.413 1 0.302(0.098) 0.484(0.144) 0.966 94.900 4.3028 12.1210 0

G012.177-00.228 18:13:03.8 -18:29:37.1 12.177 -0.228 314.5 0.119(0.041) 0 · · · (0.079) · · · (0.204) · · · · · · 0 · · · (0.095) · · · (0.241) · · · · · · · · · · · · 0

G012.201-00.034 18:12:23.6 -18:22:46.2 12.201 -0.034 3.2 1.094(0.063) 1 1.678(0.078) 6.314(0.202) 4.905 51.066 1 1.260(0.085) 3.990(0.177) 3.554 98.502 4.4642 11.9563 0

G012.210-00.102 18:12:40.0 -18:24:13.6 12.210 -0.102 8.4 4.299(0.078) 4 3.484(0.100) 17.021(0.259) 6.960 22.855 1 2.252(0.082) 15.012(0.240) 7.421 71.316 2.7686 13.6514 4

G012.269-00.054 18:12:36.5 -18:19:45.8 12.269 -0.054 7.7 0.322(0.047) 1 0.717(0.091) 2.559(0.193) 4.483 64.595 1 0.306(0.078) 1.582(0.229) 8.151 112.179 4.9985 11.4178 0

G012.365+00.421 18:11:03.0 -18:01:00.7 12.365 +0.421 11.8 0.254(0.038) 1 1.188(0.089) 3.685(0.188) 3.192 30.900 1 0.628(0.090) 2.513(0.229) 4.440 77.913 3.3389 13.0718 0

G012.375+00.510 18:10:44.5 -17:57:53.4 12.375 +0.510 7.4 0.170(0.055) 1 0.972(0.084) 1.551(0.126) 1.814 18.518 0 · · · (0.106) · · · (0.269) · · · · · · 2.3756 14.0347 0

G012.383+00.004 18:12:37.2 -18:12:05.9 12.383 +0.004 6.1 0.194(0.042) 1 0.365(0.072) 1.253(0.153) 2.951 126.758 1 0.466(0.092) 1.507(0.191) 3.620 173.255 6.6068 9.8023 0

G012.397-00.118 18:13:06.1 -18:14:51.1 12.397 -0.118 1.7 0.168(0.043) 0 · · · (0.080) · · · (0.208) · · · · · · 0 · · · (0.092) · · · (0.234) · · · · · · · · · · · · 0

G012.403-00.468 18:14:24.5 -18:24:35.4 12.403 -0.468 5.5 0.802(0.049) 1 2.015(0.081) 6.479(0.172) 2.920 46.200 1 1.152(0.095) 3.533(0.196) 3.309 94.081 4.2072 12.2013 0

G012.419+00.506 18:10:50.7 -17:55:44.1 12.419 +0.506 2.8 3.606(0.079) 5 6.665(0.070) 30.770(0.182) 4.852 17.626 1 4.541(0.088) 12.625(0.183) 3.524 65.793 2.2889 14.1187 4

G012.435-00.050 18:12:55.7 -18:10:55.9 12.435 -0.050 2.3 0.529(0.039) 0 · · · (0.084) · · · (0.219) · · · · · · 0 · · · (0.096) · · · (0.244) · · · · · · · · · · · · 0

G012.441-00.396 18:14:13.1 -18:20:33.2 12.441 -0.396 2.6 0.278(0.039) 5 0.595(0.083) 2.068(0.175) 3.466 9.529 1 0.505(0.083) 1.327(0.172) 0.855 57.030 1.4443 14.9616 0

G012.443-00.022 18:12:50.4 -18:09:41.4 12.443 -0.022 9.1 0.170(0.039) 0 · · · (0.086) · · · (0.222) · · · · · · 0 · · · (0.082) · · · (0.207) · · · · · · · · · · · · 0

G012.498-00.222 18:13:41.5 -18:12:30.8 12.498 -0.222 4.2 0.650(0.044) 1 1.552(0.064) 4.646(0.136) 2.696 35.604 1 0.792(0.101) 2.326(0.209) 3.313 83.218 3.6183 12.7836 8

G012.525-00.286 18:13:58.9 -18:12:57.2 12.525 -0.286 1.3 0.530(0.041) 1 1.453(0.079) 3.743(0.167) 2.454 35.334 1 0.640(0.084) 1.301(0.123) 1.736 82.662 3.5984 12.8020 8

G012.529+00.017 18:12:52.3 -18:04:02.2 12.529 +0.017 4.3 0.366(0.035) 1 0.313(0.071) 1.346(0.184) 6.777 46.464 0 · · · (0.084) · · · (0.212) · · · · · · 4.2014 12.1985 0

G012.614+00.112 18:12:41.6 -17:56:48.2 12.614 +0.112 13.3 0.160(0.041) 1 0.229(0.061) 0.617(0.130) 2.181 58.043 0 · · · (0.080) · · · (0.202) · · · · · · 4.7010 11.6935 0

G012.625-00.016 18:13:11.1 -17:59:55.1 12.625 -0.016 8.4 1.751(0.048) 4 2.144(0.070) 8.752(0.182) 6.813 22.881 1 2.056(0.097) 10.657(0.247) 5.571 69.653 2.7172 13.6766 0

G012.677-00.100 18:13:36.1 -17:59:36.8 12.677 -0.100 1.3 0.268(0.058) 1 0.616(0.071) 2.343(0.150) 4.257 54.999 0 · · · (0.075) · · · (0.190) · · · · · · 4.5672 11.8233 0

G012.681-00.180 18:13:54.2 -18:01:42.1 12.681 -0.180 8.4 3.255(0.069) 4 0.995(0.084) 2.637(0.177) 3.167 57.568 1 2.217(0.091) 9.537(0.232) 4.115 102.524 4.6729 11.7174 0

G012.703-00.146 18:13:49.3 -17:59:33.0 12.703 -0.146 10.1 0.369(0.053) 1 0.613(0.078) 1.344(0.117) 1.418 34.712 1 0.688(0.091) 1.475(0.188) 1.753 82.271 3.5354 12.8534 8

G012.707+00.474 18:11:32.8 -17:41:29.9 12.707 +0.474 21.7 0.406(0.045) 1 1.062(0.068) 2.241(0.102) 1.489 18.981 0 · · · (0.075) · · · (0.190) · · · · · · 2.3784 14.0107 0

G012.711-00.115 18:13:43.3 -17:58:13.7 12.711 -0.115 7.7 0.262(0.048) 1 0.558(0.060) 1.543(0.127) 2.490 55.918 1 0.268(0.075) 0.975(0.154) 1.214 104.746 4.6010 11.7873 0

G012.721-00.218 18:14:07.4 -18:00:39.3 12.721 -0.218 4.8 1.321(0.068) 1 2.338(0.085) 8.135(0.180) 3.670 33.786 1 1.395(0.093) 3.737(0.193) 4.120 81.262 3.4758 12.9120 0

G012.739-00.104 18:13:44.3 -17:56:26.9 12.739 -0.104 5.2 0.882(0.043) 1 1.076(0.078) 3.635(0.165) 3.302 55.761 1 0.565(0.084) 2.020(0.213) 9.167 103.675 4.5906 11.7959 0

G012.741-00.524 18:15:17.7 -18:08:23.7 12.741 -0.524 2.4 0.198(0.055) 0 · · · (0.072) · · · (0.185) · · · · · · 0 · · · (0.077) · · · (0.194) · · · · · · · · · · · · 0

G012.749-00.230 18:14:13.4 -17:59:33.6 12.749 -0.230 3.5 0.216(0.070) 1 0.981(0.065) 4.544(0.169) 4.617 36.107 1 0.218(0.065) 0.691(0.134) 2.866 82.732 3.6133 12.7727 0

G012.773+00.336 18:12:11.2 -17:42:00.3 12.773 +0.336 7.9 1.613(0.069) 1 2.651(0.078) 7.814(0.166) 2.690 18.495 1 1.018(0.080) 2.612(0.165) 1.487 65.518 2.3277 14.0569 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G012.807-00.320 18:14:40.4 -17:59:03.6 12.807 -0.320 8.0 0.902(0.057) 1 0.957(0.079) 2.412(0.166) 3.081 14.195 1 1.974(0.086) 6.233(0.178) 3.835 61.017 1.9173 14.4650 0

G012.809-00.200 18:14:13.9 -17:55:31.6 12.809 -0.200 4.5 24.375(0.129) 5 10.860(0.077) 82.732(0.257) 9.737 36.540 1 2.990(0.084) 13.197(0.212) 5.734 82.435 3.6306 12.7515 4

G012.817+00.322 18:12:19.6 -17:40:04.8 12.817 +0.322 10.4 0.596(0.059) 1 0.632(0.070) 1.147(0.105) 1.436 19.892 1 0.213(0.075) 0.603(0.154) 2.140 67.745 2.4453 13.9364 8

G012.839-00.285 18:14:36.7 -17:56:22.0 12.839 -0.285 4.1 0.328(0.071) 1 0.860(0.066) 2.151(0.141) 2.757 33.045 1 0.542(0.078) 1.220(0.161) 2.408 81.718 3.4131 12.9671 0

G012.848-00.350 18:14:52.1 -17:57:44.0 12.848 -0.350 9.6 0.338(0.045) 0 · · · (0.072) · · · (0.186) · · · · · · 0 · · · (0.080) · · · (0.203) · · · · · · · · · · · · 0

G012.855-00.226 18:14:25.4 -17:53:51.5 12.855 -0.226 5.2 1.191(0.090) 1 1.579(0.070) 5.335(0.148) 3.397 37.023 1 1.975(0.092) 8.957(0.235) 4.746 84.351 3.6525 12.7265 0

G012.859-00.272 18:14:36.2 -17:54:56.4 12.859 -0.272 7.0 1.121(0.074) 5 0.853(0.075) 4.683(0.224) 8.222 36.775 1 1.670(0.088) 7.627(0.222) 4.092 83.953 3.6375 12.7414 0

G012.889+00.490 18:11:51.2 -17:31:26.1 12.889 +0.490 1.9 3.732(0.080) 5 2.400(0.073) 12.579(0.219) 8.037 32.683 1 2.967(0.079) 12.063(0.201) 4.964 79.756 3.3830 12.9943 0

G012.905-00.030 18:13:48.0 -17:45:32.8 12.905 -0.030 2.7 1.480(0.044) 1 2.829(0.071) 13.562(0.184) 4.793 56.496 1 2.680(0.065) 9.215(0.135) 4.068 104.125 4.5984 11.7772 8

G012.915+00.492 18:11:53.9 -17:29:59.7 12.915 +0.492 8.6 0.552(0.064) 1 2.149(0.074) 6.374(0.157) 3.516 34.102 1 1.825(0.074) 4.908(0.154) 3.894 80.907 3.4686 12.9070 0

G012.917-00.334 18:14:56.8 -17:53:40.6 12.917 -0.334 1.8 0.680(0.069) 4 0.666(0.064) 2.673(0.166) 5.056 36.720 1 0.537(0.079) 2.184(0.164) 3.511 84.961 3.6265 12.7487 8

G012.939+00.356 18:12:26.8 -17:32:41.5 12.939 +0.356 7.8 0.174(0.041) 1 0.385(0.062) 1.041(0.132) 2.919 32.430 0 · · · (0.078) · · · (0.197) · · · · · · 3.3601 13.0136 0

G012.949-00.120 18:14:13.2 -17:45:49.7 12.949 -0.120 7.0 0.342(0.051) 1 0.336(0.066) 1.047(0.139) 2.818 36.239 0 · · · (0.076) · · · (0.193) · · · · · · 3.5935 12.7793 0

G012.957-00.230 18:14:38.6 -17:48:33.9 12.957 -0.230 7.5 0.670(0.067) 1 0.400(0.076) 1.499(0.198) 4.838 33.402 1 0.294(0.070) 1.108(0.176) 4.915 81.289 3.4196 12.9528 0

G012.983-00.138 18:14:21.4 -17:44:34.2 12.983 -0.138 60.2 0.250(0.036) 0 · · · (0.069) · · · (0.180) · · · · · · 0 · · · (0.080) · · · (0.202) · · · · · · · · · · · · 1

G012.999-00.357 18:15:11.9 -17:50:00.6 12.999 -0.357 3.0 1.177(0.050) 5 1.729(0.069) 6.945(0.178) 6.866 14.816 1 2.184(0.068) 10.897(0.172) 5.292 62.772 1.9603 14.4095 0

G013.009-00.126 18:14:21.8 -17:42:51.7 13.009 -0.126 15.7 0.283(0.041) 1 0.259(0.073) 0.717(0.155) 2.633 10.890 0 · · · (0.064) · · · (0.163) · · · · · · 1.5527 14.8161 0

G013.013-00.276 18:14:55.5 -17:46:55.7 13.013 -0.276 11.4 0.311(0.044) 0 · · · (0.082) · · · (0.214) · · · · · · 0 · · · (0.078) · · · (0.198) · · · · · · · · · · · · 0

G013.017-00.179 18:14:34.6 -17:43:58.0 13.017 -0.179 3.6 0.434(0.045) 1 0.804(0.069) 2.075(0.146) 2.360 34.172 1 0.393(0.065) 1.156(0.135) 2.425 82.287 3.4595 12.9089 0

G013.069-00.172 18:14:39.1 -17:41:01.3 13.069 -0.172 3.5 0.449(0.042) 1 0.557(0.070) 1.083(0.105) NaN 36.932 1 0.304(0.077) 0.818(0.160) 2.176 84.931 3.6181 12.7468 8

G013.097-00.147 18:14:37.2 -17:38:49.9 13.097 -0.147 4.4 0.642(0.049) 1 1.402(0.057) 4.665(0.120) 3.610 43.666 1 0.769(0.069) 2.633(0.143) 3.662 92.050 3.9824 12.3806 0

G013.121-00.094 18:14:28.2 -17:36:03.2 13.121 -0.094 2.5 0.578(0.042) 1 1.568(0.066) 4.889(0.140) 2.988 36.103 1 1.122(0.063) 3.477(0.130) 3.247 83.681 3.5623 12.7991 8

G013.133-00.150 18:14:42.0 -17:37:01.1 13.133 -0.150 2.6 0.887(0.050) 1 1.607(0.061) 4.562(0.130) 2.405 44.640 1 1.480(0.071) 4.658(0.146) 3.048 92.368 4.0272 12.3335 0

G013.165-00.076 18:14:29.6 -17:33:12.5 13.165 -0.076 1.1 0.599(0.044) 5 1.422(0.076) 4.094(0.161) 2.628 36.841 1 0.882(0.071) 2.287(0.148) 1.903 84.524 3.5999 12.7586 0

G013.179+00.061 18:14:01.0 -17:28:33.5 13.179 +0.061 4.1 2.136(0.064) 1 2.319(0.072) 13.176(0.187) 6.584 49.213 1 3.792(0.055) 17.052(0.139) 3.780 97.040 4.2423 12.1152 8

G013.187-00.108 18:14:39.3 -17:32:56.5 13.187 -0.108 1.4 0.691(0.050) 1 0.983(0.082) 3.064(0.173) 4.570 54.398 1 1.484(0.074) 4.837(0.154) 3.405 101.036 4.4727 11.8843 5

G013.201-00.004 18:14:18.0 -17:29:13.8 13.201 -0.004 111.0 0.138(0.061) 0 · · · (0.066) · · · (0.171) · · · · · · 0 · · · (0.065) · · · (0.166) · · · · · · · · · · · · 0

G013.207-00.356 18:15:36.6 -17:38:59.7 13.207 -0.356 126.7 0.112(0.047) 0 · · · (0.063) · · · (0.163) · · · · · · 0 · · · (0.075) · · · (0.190) · · · · · · · · · · · · 1

G013.211-00.142 18:14:49.6 -17:32:41.2 13.211 -0.142 3.0 2.118(0.057) 5 1.266(0.054) 4.884(0.140) 6.302 53.066 1 1.042(0.076) 3.755(0.158) 3.373 99.532 4.4120 11.9435 0

G013.213-00.448 18:15:57.7 -17:41:20.3 13.213 -0.448 5.7 0.153(0.046) 0 · · · (0.058) · · · (0.151) · · · · · · 0 · · · (0.071) · · · (0.181) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G013.217+00.034 18:14:11.6 -17:27:17.8 13.217 +0.034 7.1 1.421(0.069) 1 1.237(0.072) 3.805(0.153) 4.319 52.382 1 1.269(0.075) 4.355(0.156) 3.664 99.715 4.3810 11.9740 0

G013.244-00.084 18:14:40.8 -17:29:14.9 13.244 -0.084 4.3 1.424(0.058) 5 1.855(0.070) 9.353(0.181) 6.204 36.394 1 1.723(0.083) 8.503(0.211) 3.917 84.046 3.5631 12.7901 8

G013.251+00.046 18:14:13.0 -17:25:09.4 13.251 +0.046 10.7 0.169(0.059) 1 0.295(0.057) 0.757(0.121) 3.057 50.937 0 · · · (0.051) · · · (0.130) · · · · · · 4.3118 12.0409 5

G013.261-00.407 18:15:54.5 -17:37:35.8 13.261 -0.407 4.3 0.786(0.053) 5 1.540(0.099) 5.704(0.209) 4.500 37.897 5 1.173(0.104) 5.769(0.263) 4.122 85.662 3.6483 12.7041 8

G013.277-00.336 18:15:40.5 -17:34:43.8 13.277 -0.336 7.0 0.682(0.046) 1 0.496(0.063) 1.507(0.132) 3.975 41.571 1 0.434(0.076) 1.519(0.157) 1.505 89.172 3.8490 12.5023 0

G013.315+00.016 18:14:27.2 -17:22:40.5 13.315 +0.016 6.2 0.382(0.054) 1 0.368(0.069) 0.927(0.147) 2.322 9.219 0 · · · (0.071) · · · (0.179) · · · · · · 1.3438 15.0046 0

G013.317-00.310 18:15:39.5 -17:31:53.2 13.317 -0.310 2.5 0.293(0.050) 1 0.844(0.065) 2.715(0.138) 2.935 40.059 1 0.411(0.066) 1.189(0.136) 2.399 87.716 3.7620 12.5866 8

G013.335-00.040 18:14:42.0 -17:23:14.2 13.335 -0.040 7.7 0.728(0.052) 1 2.289(0.067) 7.150(0.141) 3.572 54.492 1 1.715(0.071) 5.579(0.147) 3.703 102.189 4.4573 11.8898 8

G013.345+00.198 18:13:50.6 -17:15:52.2 13.345 +0.198 3.2 0.393(0.047) 1 1.733(0.062) 3.494(0.093) 1.917 17.746 1 0.727(0.073) 1.921(0.152) 1.719 65.364 2.1993 14.1472 0

G013.345+00.156 18:13:59.9 -17:17:02.7 13.345 +0.156 13.9 0.229(0.046) 1 0.633(0.061) 1.200(0.091) 1.520 18.890 1 0.292(0.071) 0.799(0.181) 3.046 67.193 2.3002 14.0462 8

G013.387+00.064 18:14:25.3 -17:17:29.9 13.387 +0.064 6.3 0.851(0.047) 4 0.893(0.065) 3.732(0.169) 4.900 15.115 1 0.518(0.071) 1.934(0.179) 4.822 61.831 1.9518 14.3918 0

G013.411-00.424 18:16:16.1 -17:30:11.5 13.411 -0.424 10.3 0.199(0.049) 1 0.339(0.067) 0.439(0.101) 0.804 38.656 0 · · · (0.082) · · · (0.208) · · · · · · 3.6718 12.6706 8

G013.435-00.030 18:14:51.9 -17:17:38.6 13.435 -0.030 25.5 0.229(0.047) 0 · · · (0.066) · · · (0.172) · · · · · · 0 · · · (0.089) · · · (0.225) · · · · · · · · · · · · 0

G013.453+00.206 18:14:01.8 -17:09:55.0 13.453 +0.206 69.5 0.146(0.046) 1 0.470(0.081) 0.769(0.121) 1.569 18.356 0 · · · (0.080) · · · (0.204) · · · · · · 2.2423 14.0968 0

G013.472-00.286 18:15:52.9 -17:23:00.0 13.472 -0.286 4.8 0.355(0.047) 1 0.866(0.073) 2.130(0.154) 2.758 18.107 1 0.747(0.068) 2.786(0.172) 4.556 66.469 2.2188 14.1191 0

G013.538-00.179 18:15:37.2 -17:16:28.8 13.538 -0.179 8.6 0.569(0.064) 1 0.445(0.049) 1.299(0.104) 2.218 14.587 0 · · · (0.055) · · · (0.139) · · · · · · 1.8873 14.4459 0

G013.560-00.303 18:16:07.2 -17:18:52.5 13.560 -0.303 32.1 0.178(0.054) 0 · · · (0.056) · · · (0.145) · · · · · · 0 · · · (0.059) · · · (0.150) · · · · · · · · · · · · 0

G013.712-00.084 18:15:36.9 -17:04:33.0 13.712 -0.084 7.4 0.731(0.065) 1 1.523(0.063) 5.203(0.133) 3.129 47.008 1 0.701(0.064) 2.403(0.133) 2.909 94.174 4.0680 12.2531 0

G013.834-00.482 18:17:19.3 -17:09:30.4 13.834 -0.482 14.7 0.643(0.061) 5 0.333(0.056) 0.970(0.118) 3.259 23.450 0 · · · (0.054) · · · (0.137) · · · · · · 2.6206 13.6927 8

G013.873+00.281 18:14:35.7 -16:45:41.2 13.873 +0.281 5.9 3.138(0.083) 5 2.489(0.057) 14.774(0.171) 7.262 49.196 1 0.873(0.062) 2.567(0.129) 3.065 96.162 4.1518 12.1583 0

G013.902-00.514 18:17:34.5 -17:06:50.4 13.902 -0.514 6.3 0.830(0.068) 5 1.808(0.050) 5.313(0.105) 2.941 22.710 1 1.016(0.051) 2.623(0.105) 1.937 70.504 2.5560 13.7526 8

G013.916-00.452 18:17:22.5 -17:04:17.2 13.916 -0.452 7.8 0.256(0.064) 1 0.442(0.050) 0.638(0.075) 1.500 22.759 1 0.224(0.070) 0.351(0.102) 1.227 70.023 2.5581 13.7493 0

G013.952-00.452 18:17:26.8 -17:02:24.0 13.952 -0.452 2.7 0.308(0.047) 1 0.680(0.055) 1.648(0.116) 2.339 22.765 1 0.321(0.061) 0.524(0.090) 1.261 69.801 2.5548 13.7501 8

G013.954-00.407 18:17:17.2 -17:01:02.6 13.954 -0.407 4.0 0.562(0.060) 1 1.107(0.047) 4.229(0.100) 3.862 19.985 1 0.396(0.057) 1.228(0.118) 2.830 67.772 2.3310 13.9737 8

G013.984-00.145 18:16:23.0 -16:52:00.2 13.984 -0.145 9.6 0.562(0.062) 5 1.290(0.045) 3.991(0.094) 3.603 40.595 1 0.610(0.050) 2.261(0.127) 4.660 87.572 3.7058 12.5963 0

G014.010-00.175 18:16:32.6 -16:51:29.3 14.010 -0.175 10.6 0.875(0.062) 4 1.951(0.052) 5.087(0.110) 3.486 41.876 1 1.577(0.051) 5.372(0.107) 3.939 89.173 3.7712 12.5292 8

G014.010+00.302 18:14:47.4 -16:37:50.6 14.010 +0.302 9.2 0.194(0.060) 0 · · · (0.044) · · · (0.115) · · · · · · 0 · · · (0.049) · · · (0.125) · · · · · · · · · · · · 0

G014.016-00.134 18:16:24.1 -16:49:58.4 14.016 -0.134 2.9 1.344(0.061) 5 1.807(0.049) 4.937(0.105) 2.840 41.434 1 1.292(0.044) 3.461(0.091) 2.560 88.783 3.7470 12.5529 0

G014.026-00.513 18:17:49.2 -17:00:15.1 14.026 -0.513 4.0 0.770(0.082) 1 1.123(0.044) 2.939(0.093) 2.153 19.985 1 0.450(0.067) 0.561(0.099) 1.504 67.472 2.3238 13.9759 5

G014.102+00.086 18:15:45.9 -16:39:09.7 14.102 +0.086 2.6 1.285(0.063) 1 1.429(0.052) 7.578(0.135) 6.677 9.498 1 1.127(0.055) 5.418(0.140) 5.007 56.426 1.3234 14.9704 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G014.108-00.563 18:18:09.9 -16:57:20.1 14.108 -0.563 3.6 1.041(NaN) 5 0.702(0.047) 3.587(0.122) 4.875 21.423 1 0.264(0.059) 0.897(0.122) 3.290 68.960 2.4328 13.8613 0

G014.150-00.057 18:16:23.3 -16:40:42.2 14.150 -0.057 7.0 0.262(0.055) 1 0.722(0.047) 2.177(0.100) 2.856 46.925 1 0.534(0.048) 1.518(0.099) 1.975 94.674 4.0095 12.2808 0

G014.172+00.022 18:16:08.5 -16:37:15.9 14.172 +0.022 2.6 0.404(0.051) 1 0.806(0.048) 2.209(0.101) 3.188 12.621 1 0.500(0.061) 1.611(0.126) 2.784 59.908 1.6423 14.6464 0

G014.184-00.228 18:17:05.0 -16:43:46.2 14.184 -0.228 6.3 0.530(0.061) 1 0.477(0.049) 1.410(0.103) 2.660 40.395 1 0.277(0.053) 0.773(0.109) 0.595 87.765 3.6706 12.6173 8

G014.194-00.194 18:16:58.6 -16:42:17.9 14.194 -0.194 3.8 1.976(0.066) 1 3.537(0.037) 15.138(0.096) 5.628 40.157 1 3.486(0.049) 16.931(0.125) 4.577 87.631 3.6565 12.6308 0

G014.194-00.510 18:18:08.4 -16:51:17.8 14.194 -0.510 5.2 0.966(0.079) 1 1.022(0.046) 2.733(0.097) 2.223 20.383 1 0.378(0.047) 0.694(0.068) 1.316 67.848 2.3399 13.9479 8

G014.226-00.512 18:18:12.6 -16:49:39.2 14.226 -0.512 6.3 2.968(0.089) 5 5.279(0.047) 13.614(0.101) 3.404 18.408 1 3.614(0.051) 10.483(0.105) 3.896 66.986 2.1716 14.1139 0

G014.244-00.072 18:16:37.7 -16:36:09.3 14.244 -0.072 2.3 1.301(0.064) 5 0.781(0.046) 5.446(0.155) 11.056 61.640 1 0.845(0.044) 4.057(0.111) 6.682 107.731 4.6365 11.6470 0

G014.398-00.180 18:17:20.0 -16:31:06.4 14.398 -0.180 2.1 0.272(0.065) 1 0.501(0.049) 1.627(0.126) 4.891 42.636 0 · · · (0.062) · · · (0.157) · · · · · · 3.7641 12.5083 0

G014.414-00.068 18:16:57.1 -16:27:04.2 14.414 -0.068 18.6 0.421(0.057) 1 1.009(0.040) 2.208(0.059) 1.989 40.338 1 0.420(0.049) 1.181(0.101) 3.228 87.747 3.6399 12.6313 0

G014.448-00.102 18:17:08.7 -16:26:14.7 14.448 -0.102 9.0 1.498(0.065) 5 1.158(0.057) 4.610(0.121) 4.526 40.273 1 1.274(0.053) 3.802(0.110) 3.954 87.853 3.6324 12.6363 8

G014.456-00.184 18:17:27.6 -16:28:08.9 14.456 -0.184 3.1 0.254(0.070) 1 0.440(0.045) 1.320(0.094) 4.062 39.507 0 · · · (0.054) · · · (0.138) · · · · · · 3.5896 12.6785 0

G014.474-00.007 18:16:50.9 -16:22:11.5 14.474 -0.007 2.6 0.771(0.054) 4 0.795(0.052) 2.174(0.111) 3.256 24.039 1 0.553(0.061) 1.873(0.126) 3.919 71.124 2.5967 13.6701 0

G014.486+00.016 18:16:47.2 -16:20:51.6 14.486 +0.016 7.6 0.930(0.057) 1 0.879(0.045) 3.525(0.117) 4.787 22.936 1 0.544(0.058) 2.614(0.146) 3.043 69.732 2.5120 13.7538 0

G014.492-00.139 18:17:22.1 -16:25:01.6 14.492 -0.139 4.3 1.602(0.080) 1 1.174(0.047) 3.345(0.099) 3.142 41.314 1 0.919(0.056) 4.285(0.141) 3.057 88.377 3.6833 12.5822 8

G014.566-00.030 18:17:06.7 -16:17:59.1 14.566 -0.030 14.5 0.275(0.048) 0 · · · (0.053) · · · (0.137) · · · · · · 0 · · · (0.053) · · · (0.134) · · · · · · · · · · · · 0

G014.600-00.544 18:19:04.0 -16:30:47.3 14.600 -0.544 5.1 0.579(0.071) 5 1.032(0.053) 3.543(0.112) 3.153 18.078 1 0.553(0.079) 0.933(0.116) 1.455 65.131 2.1093 14.1490 8

G014.606+00.013 18:17:02.1 -16:14:39.1 14.606 +0.013 5.9 1.559(0.049) 5 1.759(0.056) 13.567(0.189) 9.992 25.524 1 2.123(0.059) 11.350(0.150) 5.122 73.263 2.6921 13.5649 0

G014.630-00.578 18:19:15.0 -16:30:10.3 14.630 -0.578 15.5 2.892(0.095) 5 4.147(0.061) 15.265(0.159) 5.242 17.294 1 3.328(0.057) 12.806(0.146) 3.741 65.472 2.0393 14.2169 8

G014.632+00.307 18:16:00.6 -16:04:52.7 14.632 +0.307 7.2 1.057(0.054) 5 1.983(0.059) 7.140(0.126) 4.044 26.050 1 1.993(0.062) 9.220(0.157) 4.432 73.511 2.7270 13.5283 0

G014.644-00.117 18:17:35.4 -16:16:19.7 14.644 -0.117 3.6 0.388(0.062) 5 0.753(0.046) 2.308(0.097) 3.044 40.755 1 0.338(0.070) 1.018(0.146) 2.592 88.742 3.6356 12.6186 8

G014.654-00.004 18:17:11.4 -16:12:34.2 14.654 -0.004 3.0 0.356(0.058) 1 0.918(0.051) 2.287(0.108) 2.171 38.655 1 0.649(0.055) 1.070(0.081) 1.421 86.162 3.5193 12.7342 0

G014.658-00.372 18:18:33.0 -16:22:49.8 14.658 -0.372 9.7 0.189(0.045) 0 · · · (0.050) · · · (0.130) · · · · · · 0 · · · (0.049) · · · (0.124) · · · · · · · · · · · · 0

G014.686-00.226 18:18:04.1 -16:17:13.3 14.686 -0.226 10.9 0.509(0.057) 0 · · · (0.050) · · · (0.129) · · · · · · 0 · · · (0.059) · · · (0.150) · · · · · · · · · · · · 0

G014.708-00.154 18:17:50.9 -16:14:00.1 14.708 -0.154 3.2 0.618(0.057) 1 1.035(0.054) 2.776(0.115) 3.729 40.968 1 0.492(0.066) 1.544(0.137) 3.378 88.889 3.6398 12.6098 8

G014.728-00.200 18:18:03.4 -16:14:14.7 14.728 -0.200 4.7 0.541(0.049) 1 0.238(0.047) 0.430(0.071) 1.659 37.285 0 · · · (0.057) · · · (0.145) · · · · · · 3.4337 12.8144 0

G014.752-00.211 18:18:08.8 -16:13:20.1 14.752 -0.211 4.9 0.161(0.048) 0 · · · (0.056) · · · (0.146) · · · · · · 0 · · · (0.056) · · · (0.143) · · · · · · · · · · · · 0

G014.770-00.355 18:18:42.6 -16:16:28.4 14.770 -0.355 4.9 0.416(0.046) 4 1.123(0.048) 3.790(0.126) 5.986 33.113 1 0.603(0.059) 2.128(0.149) 5.119 81.252 3.1813 13.0639 0

G014.772-00.176 18:18:03.3 -16:11:15.0 14.772 -0.176 3.5 0.393(0.045) 1 0.192(0.051) 0.371(0.077) 1.255 37.945 0 · · · (0.065) · · · (0.164) · · · · · · 3.4662 12.7786 0

G014.776-00.460 18:19:06.3 -16:19:05.9 14.776 -0.460 5.2 0.375(0.047) 1 0.376(0.054) 0.458(0.081) 0.774 22.801 0 · · · (0.064) · · · (0.093) · · · · · · 2.4736 13.7714 5
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G014.777-00.334 18:18:38.6 -16:15:29.8 14.777 -0.334 3.1 0.335(0.050) 4 0.755(0.045) 3.003(0.117) 5.659 33.186 1 0.357(0.056) 1.185(0.115) 3.359 80.287 3.1850 13.0597 0

G014.786-00.194 18:18:09.0 -16:11:00.2 14.786 -0.194 6.8 0.421(0.043) 1 0.233(0.049) 0.923(0.128) 4.851 39.203 0 · · · (0.062) · · · (0.128) · · · · · · 3.5348 12.7089 0

G014.850-00.992 18:21:12.4 -16:30:15.4 14.850 -0.992 2.5 1.317(0.085) 1 3.249(0.051) 11.274(0.109) 3.961 22.277 1 1.066(0.079) 2.860(0.163) 2.460 69.320 2.4272 13.8141 0

G014.890-00.404 18:19:07.5 -16:11:30.2 14.890 -0.404 3.9 0.598(0.045) 1 2.003(0.054) 6.158(0.114) 2.887 61.926 1 1.475(0.056) 4.584(0.115) 3.334 109.540 4.5751 11.6612 0

G014.918+00.069 18:17:26.8 -15:56:34.7 14.918 +0.069 4.6 0.721(0.051) 1 2.010(0.046) 6.810(0.097) 3.165 26.156 1 1.301(0.056) 4.226(0.116) 3.535 73.624 2.7053 13.5284 0

G014.970-00.138 18:18:18.5 -15:59:44.1 14.970 -0.138 38.6 0.170(0.048) 0 · · · (0.052) · · · (0.135) · · · · · · 0 · · · (0.053) · · · (0.133) · · · · · · · · · · · · 0

G014.975-00.727 18:20:28.7 -16:16:09.8 14.975 -0.727 69.4 0.973(0.153) 1 1.218(0.065) 4.013(0.138) 3.358 19.722 0 · · · (0.051) · · · (0.130) · · · · · · 2.2131 14.0177 0

G014.986-00.013 18:17:52.9 -15:55:19.1 14.986 -0.013 16.2 0.329(0.053) 5 0.453(0.045) 1.533(0.095) 3.169 24.823 1 0.283(0.049) 0.820(0.101) 3.003 72.062 2.6030 13.6256 8

G014.986-00.121 18:18:16.6 -15:58:22.5 14.986 -0.121 9.7 0.552(0.048) 1 0.819(0.055) 2.461(0.117) 3.029 49.748 1 0.390(0.061) 0.819(0.125) 1.747 96.935 4.0458 12.1829 0

G014.992-00.737 18:20:33.0 -16:15:32.8 14.992 -0.737 4.2 1.799(0.157) 4 0.999(0.057) 5.124(0.147) 6.448 21.127 0 · · · (0.068) · · · (0.172) · · · · · · 2.3239 13.9056 0

G015.006+00.008 18:17:50.5 -15:53:39.2 15.006 +0.008 7.3 0.426(0.050) 1 0.606(0.121) 2.078(0.256) 2.855 24.540 1 0.571(0.083) 1.794(0.173) 2.665 72.307 2.5804 13.6467 8

G015.020-00.622 18:20:10.8 -16:10:46.8 15.020 -0.622 6.0 1.679(0.190) 5 1.973(0.071) 9.544(0.183) 6.237 19.718 1 1.721(0.082) 7.605(0.208) 3.824 67.609 2.2086 14.0184 0

G015.026+00.850 18:14:48.3 -15:28:33.3 15.026 +0.850 13.4 0.255(0.082) 1 0.601(0.069) 1.607(0.147) 2.341 44.176 1 0.433(0.081) 1.747(0.204) 5.388 92.211 3.7711 12.4563 0

G015.030-00.671 18:20:23.0 -16:11:38.9 15.030 -0.671 5.2 22.525(0.223) 1 18.470(0.071) 125.535(0.211) 7.256 19.522 1 4.851(0.094) 14.239(0.195) 4.222 66.438 2.1918 14.0346 0

G015.044-00.559 18:20:00.0 -16:07:44.3 15.044 -0.559 196.4 0.109(0.068) 1 0.398(0.076) 1.164(0.161) 2.928 29.266 0 · · · (0.075) · · · (0.190) · · · · · · 2.9060 13.3190 0

G015.052+00.086 18:17:38.9 -15:49:00.4 15.052 +0.086 6.3 0.344(0.049) 1 0.419(0.114) 1.187(0.242) 2.930 29.127 1 0.437(0.060) 1.250(0.125) 2.547 76.940 2.8953 13.3283 8

G015.057-00.625 18:20:16.0 -16:08:54.4 15.057 -0.625 4.1 1.900(0.165) 1 3.394(0.083) 11.819(0.176) 3.967 17.762 1 1.899(0.067) 6.298(0.139) 4.026 64.951 2.0432 14.1810 0

G015.074-00.126 18:18:28.1 -15:53:51.0 15.074 -0.126 9.6 0.391(0.041) 1 0.551(0.074) 1.516(0.156) 2.861 47.827 1 0.310(0.070) 1.293(0.177) 6.952 96.189 3.9454 12.2766 0

G015.082-00.264 18:18:59.3 -15:57:21.8 15.082 -0.264 7.2 0.200(0.045) 1 0.450(0.065) 0.710(0.097) NaN 30.111 0 · · · (0.075) · · · (0.191) · · · · · · 2.9572 13.2643 8

G015.086+00.090 18:17:42.0 -15:47:06.0 15.086 +0.090 1.9 0.174(0.049) 1 0.211(0.063) 0.652(0.133) 3.265 28.479 0 · · · (0.071) · · · (0.179) · · · · · · 2.8485 13.3725 8

G015.092-00.676 18:20:31.2 -16:08:30.5 15.092 -0.676 4.1 3.593(0.150) 5 5.577(0.071) 15.203(0.151) 3.385 22.822 0 · · · (0.080) · · · (0.203) · · · · · · 2.4453 13.7764 0

G015.096-00.709 18:20:39.0 -16:09:14.3 15.096 -0.709 5.1 2.294(0.138) 1 0.246(0.060) 1.122(0.181) 8.106 19.710 0 · · · (0.062) · · · (0.156) · · · · · · 2.2014 14.0201 0

G015.098-00.559 18:20:06.3 -16:04:53.0 15.098 -0.559 5.0 0.792(0.073) 1 1.934(0.069) 5.419(0.146) 2.429 18.776 0 · · · (0.067) · · · (0.169) · · · · · · 2.1246 14.0963 0

G015.100-00.601 18:20:15.8 -16:05:57.9 15.100 -0.601 6.6 1.149(0.124) 1 2.465(0.126) 7.506(0.267) 2.830 17.189 1 1.227(0.056) 2.978(0.115) 2.772 64.790 1.9907 14.2301 0

G015.101-00.656 18:20:27.8 -16:07:29.1 15.101 -0.656 2.2 2.341(0.139) 2 · · · (0.081) · · · (0.344) · · · · · · 0 · · · (0.075) · · · (0.191) · · · · · · · · · · · · 0

G015.114-00.772 18:20:55.0 -16:10:01.3 15.114 -0.772 12.6 0.358(0.092) 0 · · · (0.075) · · · (0.195) · · · · · · 0 · · · (0.077) · · · (0.197) · · · · · · · · · · · · 0

G015.124-00.557 18:20:09.0 -16:03:27.2 15.124 -0.557 5.4 0.525(0.066) 5 1.127(0.055) 4.532(0.143) 4.909 19.558 1 0.491(0.077) 1.141(0.159) 1.948 66.436 2.1864 14.0325 0

G015.126-00.495 18:19:55.5 -16:01:34.4 15.126 -0.495 4.2 0.463(0.054) 1 1.836(0.082) 3.221(0.123) 1.511 19.848 1 0.854(0.076) 1.090(0.111) 1.252 67.280 2.2096 14.0090 0

G015.134-00.811 18:21:05.9 -16:10:06.5 15.134 -0.811 10.0 0.254(0.086) 1 0.364(0.102) 1.003(0.217) 2.459 17.629 0 · · · (0.077) · · · (0.195) · · · · · · 2.0259 14.1931 0

G015.134-00.673 18:20:35.7 -16:06:11.8 15.134 -0.673 9.6 1.206(0.134) 1 4.120(0.064) 11.894(0.136) 2.753 18.377 1 1.404(0.068) 3.901(0.142) 3.066 66.323 2.0885 14.1300 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G015.138-00.537 18:20:06.1 -16:02:10.0 15.138 -0.537 12.2 0.553(0.051) 1 1.819(0.075) 4.521(0.159) 2.292 21.691 1 0.592(0.079) 0.964(0.116) 1.233 68.878 2.3542 13.8635 0

G015.148-00.487 18:19:56.3 -16:00:12.8 15.148 -0.487 15.6 0.421(0.045) 1 2.000(0.075) 3.808(0.113) 1.758 20.410 1 0.284(0.075) 0.602(0.109) 1.386 67.628 2.2527 13.9642 0

G015.174-00.546 18:20:12.3 -16:00:28.6 15.174 -0.546 5.2 0.200(0.065) 1 0.811(0.067) 1.294(0.100) 1.686 19.631 0 · · · (0.071) · · · (0.180) · · · · · · 2.1879 14.0271 0

G015.176+00.043 18:18:03.1 -15:43:39.8 15.176 +0.043 11.0 0.197(0.049) 1 0.650(0.067) 2.391(0.142) 4.199 28.932 0 · · · (0.071) · · · (0.181) · · · · · · 2.8697 13.3444 0

G015.182-00.160 18:18:48.3 -15:49:05.8 15.182 -0.160 5.7 0.705(0.053) 1 1.435(0.071) 3.553(0.150) 2.248 60.306 1 1.340(0.081) 3.924(0.168) 3.784 107.521 4.4791 11.7346 0

G015.192-00.529 18:20:10.7 -15:59:04.8 15.192 -0.529 91.1 0.146(0.070) 1 1.012(0.057) 2.582(0.120) 2.183 17.091 0 · · · (0.065) · · · (0.165) · · · · · · 1.9749 14.2387 0

G015.194-00.628 18:20:32.7 -16:01:45.8 15.194 -0.628 3.7 2.957(0.115) 1 7.448(0.074) 21.777(0.157) 2.939 20.790 1 3.708(0.072) 12.024(0.149) 3.919 68.180 2.2789 13.9348 0

G015.202-00.442 18:19:52.6 -15:56:05.2 15.202 -0.442 3.1 0.976(0.056) 1 2.534(0.087) 6.225(0.184) 2.094 20.685 1 1.211(0.065) 2.925(0.134) 1.924 68.187 2.2697 13.9430 0

G015.202-00.837 18:21:19.7 -16:07:15.8 15.202 -0.837 10.3 0.466(0.075) 5 0.595(0.101) 1.181(0.151) 1.908 15.920 0 · · · (0.086) · · · (0.217) · · · · · · 1.8728 14.3411 0

G015.214-00.582 18:20:24.8 -15:59:24.5 15.214 -0.582 133.5 0.182(0.091) 1 1.600(0.069) 4.618(0.146) 2.440 20.117 0 · · · (0.081) · · · (0.206) · · · · · · 2.2237 13.9884 0

G015.226-00.838 18:21:22.7 -16:05:58.8 15.226 -0.838 12.4 0.552(0.070) 1 0.681(0.112) 1.261(0.167) NaN 15.626 0 · · · (0.088) · · · (0.223) · · · · · · 1.8450 14.3670 0

G015.248-00.523 18:20:16.1 -15:55:55.2 15.248 -0.523 23.8 0.364(0.060) 1 0.309(0.083) 0.860(0.176) 2.091 17.043 0 · · · (0.076) · · · (0.194) · · · · · · 1.9662 14.2430 0

G015.250-00.122 18:18:47.9 -15:44:27.1 15.250 -0.122 6.1 0.150(0.050) 0 · · · (0.081) · · · (0.211) · · · · · · 0 · · · (0.069) · · · (0.175) · · · · · · · · · · · · 1

G015.258-00.616 18:20:37.5 -15:58:01.8 15.258 -0.616 4.0 0.848(0.101) 1 2.162(0.108) 2.927(0.162) 1.472 21.550 1 1.158(0.075) 1.744(0.110) 1.131 69.069 2.3326 13.8762 0

G015.258-00.156 18:18:56.4 -15:44:59.1 15.258 -0.156 1.1 0.170(0.057) 0 · · · (0.065) · · · (0.168) · · · · · · 0 · · · (0.071) · · · (0.181) · · · · · · · · · · · · 1

G015.276-00.116 18:18:49.8 -15:42:54.6 15.276 -0.116 9.0 0.244(0.050) 0 · · · (0.063) · · · (0.164) · · · · · · 0 · · · (0.074) · · · (0.188) · · · · · · · · · · · · 1

G015.292-00.012 18:18:28.8 -15:39:06.0 15.292 -0.012 10.6 0.186(0.054) 1 0.247(0.060) 0.634(0.127) 2.079 63.730 1 0.293(0.064) 1.043(0.162) 2.677 110.948 4.6015 11.6037 0

G015.304-00.590 18:20:37.2 -15:54:51.4 15.304 -0.590 74.7 0.208(0.081) 1 0.431(0.072) 1.247(0.152) 3.593 19.345 0 · · · (0.088) · · · (0.222) · · · · · · 2.1537 14.0514 0

G015.322-00.156 18:19:04.0 -15:41:36.0 15.322 -0.156 10.8 0.170(0.048) 0 · · · (0.071) · · · (0.185) · · · · · · 0 · · · (0.059) · · · (0.149) · · · · · · · · · · · · 1

G015.360-00.044 18:18:43.8 -15:36:26.6 15.360 -0.044 7.8 0.171(0.051) 0 · · · (0.070) · · · (0.181) · · · · · · 0 · · · (0.076) · · · (0.192) · · · · · · · · · · · · 0

G015.364-00.419 18:20:06.8 -15:46:52.0 15.364 -0.419 4.6 0.403(0.052) 1 0.749(0.064) 1.088(0.096) 1.889 59.508 1 0.225(0.065) 0.636(0.135) 2.221 106.598 4.4279 11.7722 0

G015.371+00.090 18:18:15.7 -15:32:00.3 15.371 +0.090 9.4 0.176(0.051) 1 0.289(0.086) 0.526(0.129) 1.784 40.962 0 · · · (0.080) · · · (0.202) · · · · · · 3.5656 12.6334 0

G015.394-00.330 18:19:50.6 -15:42:44.8 15.394 -0.330 7.6 0.173(0.047) 1 0.401(0.070) 0.711(0.104) 2.057 122.918 0 · · · (0.066) · · · (0.167) · · · · · · 6.3341 9.8635 0

G015.430+00.193 18:18:00.2 -15:25:59.9 15.430 +0.193 7.4 0.498(0.047) 1 0.998(0.129) 3.165(0.272) 3.010 48.491 1 0.311(0.078) 0.649(0.114) 1.733 95.420 3.9379 12.2567 0

G015.457-00.003 18:18:46.4 -15:30:07.3 15.457 -0.003 6.2 0.273(0.050) 1 0.593(0.067) 2.011(0.142) 3.862 67.014 1 0.324(0.062) 1.496(0.156) 1.131 115.713 4.7081 11.4842 0

G015.502-00.420 18:20:23.1 -15:39:34.3 15.502 -0.420 2.6 0.429(0.067) 1 0.709(0.072) 1.724(0.152) 2.282 39.698 1 0.397(0.073) 1.185(0.151) 1.914 88.001 3.4839 12.7054 8

G015.532-00.407 18:20:23.9 -15:37:38.6 15.532 -0.407 6.9 0.501(0.057) 1 0.974(0.059) 3.286(0.125) 3.621 38.852 1 0.737(0.074) 2.152(0.154) 2.945 86.817 3.4343 12.7526 0

G015.556-00.464 18:20:39.1 -15:37:55.8 15.556 -0.464 1.5 0.951(0.065) 5 3.091(0.066) 10.914(0.140) 4.004 14.835 1 1.928(0.075) 6.056(0.156) 3.177 62.337 1.7499 14.4352 5

G015.580-00.028 18:19:06.3 -15:24:21.8 15.580 -0.028 9.3 0.200(0.050) 0 · · · (0.068) · · · (0.176) · · · · · · 0 · · · (0.076) · · · (0.193) · · · · · · · · · · · · 0

G015.586-00.304 18:20:07.6 -15:31:50.4 15.586 -0.304 13.3 0.213(0.050) 9 · · · (*******) · · · (*******) · · · · · · 0 · · · (0.070) · · · (0.178) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G015.632-00.234 18:19:57.5 -15:27:25.0 15.632 -0.234 9.1 0.217(0.054) 1 0.611(0.088) 1.578(0.186) 2.497 57.355 0 · · · (0.065) · · · (0.164) · · · · · · 4.3109 11.8678 0

G015.653-00.220 18:19:57.0 -15:25:53.4 15.653 -0.220 8.9 0.195(0.050) 1 0.577(0.055) 1.076(0.083) 1.907 56.836 0 · · · (0.070) · · · (0.178) · · · · · · 4.2869 11.8901 0

G015.664-00.499 18:20:59.5 -15:33:14.5 15.664 -0.499 4.1 1.209(0.066) 4 3.206(0.062) 13.368(0.160) 5.716 -4.869 1 3.018(0.082) 14.089(0.208) 4.585 41.870 0.5445 16.7212 0

G015.676-00.148 18:19:43.9 -15:22:39.6 15.676 -0.148 21.6 0.197(0.043) 1 0.423(0.061) 1.139(0.130) 3.030 59.527 1 0.326(0.073) 0.481(0.107) 0.963 107.744 4.3959 11.7793 0

G015.792-00.410 18:20:55.0 -15:23:55.9 15.792 -0.410 14.2 0.215(0.059) 1 0.406(0.056) 0.763(0.084) 1.885 45.856 0 · · · (0.079) · · · (0.201) · · · · · · 3.7727 12.3936 8

G015.884-00.451 18:21:14.8 -15:20:15.2 15.884 -0.451 13.1 0.132(0.052) 0 · · · (0.075) · · · (0.194) · · · · · · 0 · · · (0.066) · · · (0.167) · · · · · · · · · · · · 0

G015.904-00.445 18:21:15.8 -15:19:01.3 15.904 -0.445 11.3 0.144(0.049) 0 · · · (0.060) · · · (0.155) · · · · · · 0 · · · (0.073) · · · (0.186) · · · · · · · · · · · · 0

G015.912-00.411 18:21:09.3 -15:17:38.2 15.912 -0.411 16.9 0.161(0.050) 0 · · · (0.071) · · · (0.185) · · · · · · 0 · · · (0.072) · · · (0.183) · · · · · · · · · · · · 0

G016.112-00.303 18:21:09.0 -15:03:59.5 16.112 -0.303 11.4 0.172(0.047) 1 0.335(0.096) 1.816(0.250) 5.585 38.932 1 0.411(0.076) 1.258(0.158) 3.341 88.201 3.3794 12.7609 0

G016.144+00.009 18:20:04.5 -14:53:28.2 16.144 +0.009 0.8 0.460(0.052) 1 1.163(0.067) 3.824(0.142) 2.985 44.771 1 0.709(0.069) 1.903(0.143) 2.129 93.098 3.6825 12.4550 0

G016.212+00.435 18:18:39.3 -14:37:47.5 16.212 +0.435 16.4 0.160(0.043) 1 0.360(0.064) 0.622(0.095) 1.737 27.313 0 · · · (0.066) · · · (0.168) · · · · · · 2.6621 13.4703 8

G016.224-00.375 18:21:38.0 -15:00:05.8 16.224 -0.375 10.7 0.172(0.049) 0 · · · (0.063) · · · (0.164) · · · · · · 0 · · · (0.079) · · · (0.201) · · · · · · · · · · · · 0

G016.226-00.179 18:20:55.3 -14:54:27.4 16.226 -0.179 298.3 0.115(0.059) 1 0.255(0.062) 0.390(0.092) 1.347 43.117 0 · · · (0.072) · · · (0.182) · · · · · · 3.5904 12.5404 0

G016.242-00.374 18:21:39.7 -14:59:06.3 16.242 -0.374 49.7 0.153(0.047) 0 · · · (0.064) · · · (0.166) · · · · · · 0 · · · (0.067) · · · (0.169) · · · · · · · · · · · · 0

G016.255-00.172 18:20:57.0 -14:52:44.4 16.255 -0.172 194.2 0.129(0.051) 0 · · · (0.063) · · · (0.162) · · · · · · 0 · · · (0.079) · · · (0.199) · · · · · · · · · · · · 0

G016.260+00.379 18:18:57.1 -14:36:51.5 16.260 +0.379 9.9 0.178(0.047) 0 · · · (0.074) · · · (0.193) · · · · · · 0 · · · (0.072) · · · (0.183) · · · · · · · · · · · · 0

G016.270+00.409 18:18:51.7 -14:35:29.1 16.270 +0.409 16.3 0.249(0.047) 1 0.250(0.073) 0.677(0.154) 2.160 27.258 0 · · · (0.074) · · · (0.189) · · · · · · 2.6533 13.4744 0

G016.300-00.373 18:21:46.4 -14:56:01.8 16.300 -0.373 24.9 0.291(0.046) 1 0.289(0.077) 0.444(0.115) 1.649 30.640 0 · · · (0.085) · · · (0.216) · · · · · · 2.8722 13.2529 0

G016.300-00.527 18:22:20.1 -15:00:20.4 16.300 -0.527 6.9 0.443(0.067) 0 · · · (0.064) · · · (0.166) · · · · · · 0 · · · (0.079) · · · (0.201) · · · · · · · · · · · · 0

G016.304-00.148 18:20:57.4 -14:49:26.0 16.304 -0.148 6.1 0.424(0.048) 1 0.510(0.072) 1.660(0.153) 3.563 50.022 1 0.285(0.064) 0.721(0.132) 1.386 98.701 3.9197 12.2047 0

G016.308-00.074 18:20:41.8 -14:47:06.3 16.308 -0.074 11.8 0.190(0.062) 2 · · · (0.101) · · · (0.214) · · · · · · 0 · · · (0.081) · · · (0.205) · · · · · · · · · · · · 8

G016.310-00.480 18:22:10.9 -14:58:28.9 16.310 -0.480 114.9 0.163(0.066) 0 · · · (0.060) · · · (0.155) · · · · · · 0 · · · (0.075) · · · (0.190) · · · · · · · · · · · · 0

G016.325-00.554 18:22:28.8 -14:59:47.4 16.325 -0.554 7.4 0.259(0.079) 1 0.810(0.078) 2.408(0.166) 3.240 36.109 1 0.469(0.075) 1.235(0.155) 2.004 84.846 3.2002 12.9232 0

G016.326-00.151 18:21:00.8 -14:48:22.3 16.326 -0.151 8.5 0.545(0.049) 1 0.765(0.064) 2.177(0.135) 2.661 50.159 1 0.419(0.062) 1.142(0.127) 2.792 97.470 3.9239 12.1987 0

G016.360-00.074 18:20:47.8 -14:44:21.4 16.360 -0.074 2.1 0.387(0.060) 5 0.923(0.061) 3.327(0.128) 4.462 46.795 1 0.298(0.069) 1.325(0.175) 1.687 94.945 3.7609 12.3589 0

G016.364-00.209 18:21:18.0 -14:48:00.2 16.364 -0.209 2.3 2.154(0.063) 4 2.908(0.093) 12.314(0.242) 4.841 48.970 1 2.273(0.082) 6.269(0.170) 3.615 96.321 3.8647 12.2548 0

G016.374-00.043 18:20:42.7 -14:42:47.3 16.374 -0.043 11.3 0.199(0.052) 0 · · · (0.107) · · · (0.226) · · · · · · 1 0.205(0.068) 0.733(0.140) 2.174 90.221 · · · · · · 0

G016.383-00.119 18:21:00.4 -14:44:28.6 16.383 -0.119 15.4 0.245(0.053) 1 0.665(0.066) 2.004(0.140) 2.954 45.572 1 0.274(0.069) 0.849(0.142) 1.474 94.173 3.6988 12.4192 0

G016.402-00.183 18:21:16.7 -14:45:16.7 16.402 -0.183 3.3 0.290(0.058) 1 0.483(0.062) 2.387(0.160) 6.735 44.803 1 0.423(0.075) 1.918(0.190) 4.664 92.095 3.6587 12.4577 0

G016.442-00.384 18:22:05.3 -14:48:46.9 16.442 -0.384 3.3 0.300(0.058) 1 0.714(0.056) 1.971(0.119) 2.391 47.260 1 0.373(0.080) 0.783(0.166) 2.501 95.668 3.7757 12.3376 8
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G016.442-00.195 18:21:24.0 -14:43:26.9 16.442 -0.195 10.8 0.593(0.055) 1 1.075(0.075) 2.866(0.159) 2.613 45.390 1 0.421(0.079) 1.479(0.164) 3.987 92.995 3.6840 12.4291 0

G016.510-00.442 18:22:25.9 -14:46:49.5 16.510 -0.442 10.4 0.261(0.052) 1 0.327(0.073) 0.665(0.109) 1.833 20.034 1 0.325(0.088) 0.784(0.182) 1.066 67.368 2.1118 13.9960 0

G016.534-00.403 18:22:20.2 -14:44:28.2 16.534 -0.403 11.7 0.264(0.057) 0 · · · (0.067) · · · (0.172) · · · · · · 0 · · · (0.075) · · · (0.190) · · · · · · · · · · · · 0

G016.538-00.084 18:21:10.8 -14:35:14.5 16.538 -0.084 152.4 0.150(0.066) 0 · · · (0.065) · · · (0.168) · · · · · · 0 · · · (0.083) · · · (0.209) · · · · · · · · · · · · 0

G016.578-00.081 18:21:14.9 -14:33:02.7 16.578 -0.081 7.8 0.529(0.070) 1 0.835(0.063) 2.472(0.133) 3.223 40.535 1 0.611(0.077) 2.056(0.159) 3.938 88.738 3.4208 12.6809 8

G016.586-00.051 18:21:09.2 -14:31:45.4 16.586 -0.051 0.2 2.133(0.074) 4 4.204(0.067) 13.065(0.142) 3.750 59.060 1 2.297(0.068) 10.135(0.172) 4.368 107.231 4.2872 11.8138 8

G016.592-00.458 18:22:39.1 -14:42:55.1 16.592 -0.458 2.5 0.371(0.068) 1 0.589(0.067) 1.114(0.101) 1.236 42.754 1 0.269(0.084) 0.379(0.123) 2.269 90.577 3.5364 12.5646 0

G016.644-00.119 18:21:30.9 -14:30:39.2 16.644 -0.119 5.3 0.368(0.066) 1 0.218(0.073) 1.488(0.288) 15.887 52.934 0 · · · (0.081) · · · (0.205) · · · · · · 4.0192 12.0770 0

G016.650-00.048 18:21:16.0 -14:28:17.9 16.650 -0.048 12.7 0.245(0.076) 0 · · · (0.060) · · · (0.157) · · · · · · 0 · · · (0.075) · · · (0.191) · · · · · · · · · · · · 0

G016.680-00.072 18:21:24.7 -14:27:23.2 16.680 -0.072 102.9 0.208(0.077) 1 0.258(0.066) 0.859(0.141) 2.962 60.046 0 · · · (0.067) · · · (0.169) · · · · · · 4.3188 11.7743 8

G016.738-00.089 18:21:35.4 -14:24:47.3 16.738 -0.089 4.9 0.374(0.069) 5 0.500(0.058) 1.252(0.122) 3.236 69.119 1 0.370(0.078) 1.140(0.161) 4.823 115.990 4.6643 11.4239 0

G016.768-00.235 18:22:10.8 -14:27:20.5 16.768 -0.235 119.2 0.083(0.076) 0 · · · (0.053) · · · (0.136) · · · · · · 0 · · · (0.069) · · · (0.175) · · · · · · · · · · · · 0

G016.800-00.239 18:22:15.3 -14:25:46.3 16.800 -0.239 12.8 0.164(0.074) 0 · · · (0.068) · · · (0.175) · · · · · · 0 · · · (0.072) · · · (0.182) · · · · · · · · · · · · 0

G016.800+00.122 18:20:56.3 -14:15:33.3 16.800 +0.122 7.5 0.384(0.060) 1 0.549(0.066) 0.870(0.099) 1.345 15.011 1 0.320(0.074) 1.256(0.188) 5.766 63.260 1.6825 14.4005 0

G016.822-00.346 18:22:41.3 -14:27:35.0 16.822 -0.346 4.8 1.032(0.065) 1 2.122(0.072) 5.043(0.152) 2.471 51.952 1 1.712(0.079) 4.818(0.163) 2.975 99.161 3.9585 12.1229 0

G016.834+00.079 18:21:09.7 -14:14:59.5 16.834 +0.079 5.7 0.644(0.075) 1 1.067(0.095) 3.895(0.201) 4.330 62.525 1 0.823(0.073) 2.661(0.151) 3.439 110.169 4.4042 11.6760 0

G016.882+00.143 18:21:01.4 -14:10:38.7 16.882 +0.143 4.8 0.285(0.068) 0 · · · (0.069) · · · (0.178) · · · · · · 0 · · · (0.080) · · · (0.203) · · · · · · · · · · · · 1

G016.912+00.346 18:20:20.5 -14:03:17.4 16.912 +0.346 13.7 0.365(0.070) 0 · · · (0.080) · · · (0.208) · · · · · · 0 · · · (0.071) · · · (0.180) · · · · · · · · · · · · 1

G016.914+00.320 18:20:26.3 -14:03:55.7 16.914 +0.320 31.9 0.355(0.069) 0 · · · (0.077) · · · (0.198) · · · · · · 0 · · · (0.071) · · · (0.179) · · · · · · · · · · · · 0

G016.922-00.085 18:21:55.9 -14:14:56.3 16.922 -0.085 33.3 0.328(0.078) 1 0.699(0.065) 1.782(0.139) 3.347 41.131 1 0.455(0.081) 1.156(0.168) 1.903 89.155 3.4203 12.6523 8

G016.928+00.259 18:20:41.4 -14:04:56.5 16.928 +0.259 9.7 0.556(0.072) 0 · · · (0.082) · · · (0.213) · · · · · · 0 · · · (0.079) · · · (0.201) · · · · · · · · · · · · 1

G016.946-00.073 18:21:56.0 -14:13:21.3 16.946 -0.073 5.4 0.802(0.083) 1 1.264(0.090) 3.536(0.190) 3.721 -4.187 0 · · · (0.085) · · · (0.217) · · · · · · 0.3963 16.4668 0

G016.980-00.222 18:22:32.5 -14:15:44.1 16.980 -0.222 5.1 0.226(0.066) 0 · · · (0.083) · · · (0.216) · · · · · · 0 · · · (0.078) · · · (0.198) · · · · · · · · · · · · 1

G017.008+00.416 18:20:16.4 -13:56:14.1 17.008 +0.416 88.8 0.151(0.068) 1 0.531(0.077) 0.753(0.115) NaN 24.840 0 · · · (0.081) · · · (0.207) · · · · · · 2.4255 13.6402 0

G017.030+00.423 18:20:17.5 -13:54:53.6 17.030 +0.423 16.4 0.285(0.074) 1 0.609(0.096) 1.100(0.143) 1.081 24.819 0 · · · (0.084) · · · (0.213) · · · · · · 2.4223 13.6415 8

G017.032-00.070 18:22:05.3 -14:08:40.2 17.032 -0.070 8.2 0.484(0.071) 1 0.703(0.087) 2.509(0.184) 4.528 93.341 1 0.496(0.088) 1.418(0.181) 4.574 141.692 5.4391 10.6240 0

G017.060+00.413 18:20:23.3 -13:53:34.6 17.060 +0.413 9.0 0.264(0.073) 1 0.384(0.072) 0.626(0.107) 1.982 24.079 0 · · · (0.081) · · · (0.205) · · · · · · 2.3680 13.6931 0

G017.060-00.211 18:22:39.4 -14:11:11.3 17.060 -0.211 8.1 0.223(0.067) 0 · · · (0.074) · · · (0.192) · · · · · · 0 · · · (0.078) · · · (0.197) · · · · · · · · · · · · 0

G017.084+00.399 18:20:29.1 -13:52:43.6 17.084 +0.399 22.6 0.133(0.073) 1 0.573(0.067) 0.787(0.100) 0.973 22.992 1 0.316(0.084) 0.414(0.123) 0.500 70.556 2.2887 13.7704 0

G017.116-00.113 18:22:24.6 -14:05:28.7 17.116 -0.113 13.7 0.276(0.067) 1 0.430(0.085) 1.439(0.180) 3.394 92.388 0 · · · (0.091) · · · (0.231) · · · · · · 5.4047 10.6512 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G017.222-00.188 18:22:53.1 -14:01:56.5 17.222 -0.188 7.5 0.332(0.066) 1 0.377(0.074) 0.904(0.158) 4.351 -4.657 1 0.208(0.081) 0.664(0.168) 1.933 44.762 0.4510 16.4978 0

G017.226-00.097 18:22:33.7 -13:59:12.5 17.226 -0.097 12.9 0.243(0.071) 1 0.297(0.068) 0.621(0.102) 2.027 43.780 0 · · · (0.086) · · · (0.218) · · · · · · 3.5297 12.5168 0

G017.228+00.397 18:20:46.3 -13:45:09.7 17.228 +0.397 7.4 0.391(0.073) 0 · · · (0.080) · · · (0.207) · · · · · · 0 · · · (0.081) · · · (0.204) · · · · · · · · · · · · 0

G017.295+00.353 18:21:03.5 -13:42:51.1 17.295 +0.353 14.3 0.191(0.072) 0 · · · (0.065) · · · (0.169) · · · · · · 0 · · · (0.089) · · · (0.227) · · · · · · · · · · · · 0

G017.300+00.381 18:20:58.2 -13:41:47.7 17.300 +0.381 112.2 0.058(0.069) 1 0.279(0.069) 0.478(0.104) 0.842 19.252 0 · · · (0.091) · · · (0.232) · · · · · · 1.9942 14.0461 0

G017.476-00.231 18:23:32.1 -13:49:41.6 17.476 -0.231 144.7 0.236(0.079) 1 0.576(0.077) 0.971(0.116) 2.002 53.095 0 · · · (0.090) · · · (0.228) · · · · · · 3.9503 12.0744 0

G017.558+00.170 18:22:14.0 -13:34:03.4 17.558 +0.170 2.1 0.262(0.077) 1 0.428(0.067) 1.394(0.143) 4.035 20.575 0 · · · (0.080) · · · (0.204) · · · · · · 2.0773 13.9401 0

G017.594+00.090 18:22:35.6 -13:34:24.1 17.594 +0.090 7.5 0.380(0.071) 1 1.254(0.070) 5.957(0.182) 6.714 16.588 1 0.560(0.071) 2.252(0.179) 5.179 64.229 1.7653 14.2488 0

G017.622+00.055 18:22:46.6 -13:33:56.1 17.622 +0.055 23.6 0.258(0.069) 1 0.342(0.069) 1.051(0.147) 2.441 18.512 0 · · · (0.072) · · · (0.182) · · · · · · 1.9160 14.0957 0

G017.638+00.155 18:22:26.7 -13:30:16.4 17.638 +0.155 2.7 3.073(0.081) 1 5.322(0.057) 17.968(0.120) 3.418 22.493 1 2.341(0.063) 6.783(0.130) 2.905 69.494 2.2123 13.7980 0

G017.692-00.096 18:23:27.5 -13:34:26.9 17.692 -0.096 14.7 0.155(0.065) 0 · · · (0.063) · · · (0.164) · · · · · · 0 · · · (0.082) · · · (0.207) · · · · · · · · · · · · 0

G017.864+00.073 18:23:10.6 -13:20:36.9 17.864 +0.073 4.2 0.323(0.065) 1 0.842(0.080) 2.900(0.169) 3.678 113.221 1 0.440(0.062) 1.296(0.129) 1.820 161.221 5.9663 10.0237 0

G017.910-00.490 18:25:18.8 -13:33:57.8 17.910 -0.490 16.8 0.286(0.081) 0 · · · (0.074) · · · (0.193) · · · · · · 0 · · · (0.074) · · · (0.187) · · · · · · · · · · · · 0

G017.962+00.080 18:23:20.4 -13:15:11.5 17.962 +0.080 7.1 0.689(0.083) 5 1.522(0.064) 4.654(0.135) 3.295 22.723 1 0.810(0.078) 2.294(0.161) 2.263 69.776 2.2062 13.7750 0

G017.992-00.347 18:24:57.1 -13:25:37.4 17.992 -0.347 15.9 0.332(0.072) 1 1.190(0.073) 3.287(0.154) 3.216 42.044 1 0.857(0.078) 2.488(0.161) 2.829 90.064 3.3745 12.6043 8

G018.054-00.276 18:24:48.6 -13:20:19.4 18.054 -0.276 5.9 0.207(0.076) 1 0.693(0.088) 1.921(0.187) 2.100 48.021 1 0.501(0.094) 0.729(0.138) 2.914 95.986 3.6665 12.3065 0

G018.066-00.308 18:24:57.0 -13:20:34.2 18.066 -0.308 0.5 0.663(0.077) 5 2.349(0.045) 12.575(0.118) 5.633 45.917 1 1.096(0.053) 4.777(0.134) 4.418 93.780 3.5637 12.4083 0

G018.082+00.072 18:23:36.0 -13:09:04.1 18.082 +0.072 1.0 0.388(0.066) 1 0.295(0.051) 0.616(0.076) 1.645 21.333 0 · · · (0.062) · · · (0.158) · · · · · · 2.0982 13.8721 0

G018.093-00.301 18:24:58.5 -13:18:57.9 18.093 -0.301 4.6 1.124(0.068) 1 1.490(0.050) 4.123(0.105) 3.187 50.892 1 2.288(0.047) 6.711(0.097) 3.262 98.597 3.7979 12.1717 0

G018.098-00.355 18:25:11.0 -13:20:11.9 18.098 -0.355 8.7 0.458(0.077) 2 · · · (0.062) · · · (0.131) · · · · · · 0 · · · (0.076) · · · (0.192) · · · · · · · · · · · · 0

G018.108+00.053 18:23:43.2 -13:08:15.3 18.108 +0.053 5.6 0.362(0.064) 0 · · · (0.069) · · · (0.178) · · · · · · 0 · · · (0.082) · · · (0.207) · · · · · · · · · · · · 0

G018.112-00.323 18:25:05.6 -13:18:34.7 18.112 -0.323 9.9 0.749(0.070) 5 1.258(0.051) 5.884(0.133) 5.172 55.503 1 0.936(0.057) 4.322(0.146) 4.561 102.867 4.0024 11.9655 0

G018.138+00.332 18:22:45.9 -12:58:46.1 18.138 +0.332 8.0 0.348(0.082) 1 0.566(0.071) 0.703(0.107) 1.209 22.705 0 · · · (0.088) · · · (0.224) · · · · · · 2.1929 13.7726 8

G018.140-00.400 18:25:25.5 -13:19:13.9 18.140 -0.400 13.3 0.260(0.082) 1 0.543(0.073) 1.573(0.155) 2.724 46.778 1 0.284(0.090) 0.807(0.186) 3.617 94.977 3.5997 12.3657 0

G018.150-00.285 18:25:01.6 -13:15:29.9 18.150 -0.285 4.5 2.106(0.075) 1 2.032(0.056) 7.606(0.119) 4.458 56.160 1 1.171(0.051) 5.840(0.128) 5.004 104.087 4.0277 11.9367 3

G018.162+00.095 18:23:40.3 -13:04:11.3 18.162 +0.095 46.4 0.226(0.068) 1 0.912(0.076) 2.724(0.160) 2.720 55.717 1 0.375(0.109) 0.974(0.225) 1.063 104.339 4.0073 11.9558 0

G018.176-00.297 18:25:07.4 -13:14:27.7 18.176 -0.297 6.0 1.084(0.077) 1 1.582(0.057) 5.667(0.120) 4.299 49.649 1 1.463(0.056) 5.970(0.143) 4.163 97.217 3.7334 12.2286 0

G018.198-00.172 18:24:42.5 -13:09:45.8 18.198 -0.172 1.4 0.325(0.078) 1 0.822(0.072) 2.386(0.152) 2.694 94.351 1 0.468(0.071) 1.640(0.147) 1.707 142.539 5.3959 10.5639 0

G018.216-00.278 18:25:07.8 -13:11:47.2 18.216 -0.278 8.2 0.199(0.083) 1 0.880(0.073) 1.967(0.155) 2.112 51.230 0 · · · (0.084) · · · (0.213) · · · · · · 3.8032 12.1551 0

G018.216-00.343 18:25:22.0 -13:13:36.3 18.216 -0.343 9.0 0.897(0.086) 1 1.409(0.045) 5.290(0.095) 4.095 47.344 1 1.602(0.055) 5.449(0.114) 4.334 94.807 3.6207 12.3376 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G018.218-00.216 18:24:54.5 -13:09:55.4 18.218 -0.216 9.8 0.292(0.080) 5 0.957(0.088) 2.306(0.186) 2.158 55.564 1 0.627(0.086) 0.765(0.126) 0.500 103.299 3.9962 11.9617 0

G018.246-00.476 18:25:54.4 -13:15:44.8 18.246 -0.476 8.6 0.219(0.071) 1 0.432(0.082) 0.917(0.123) 1.893 50.199 0 · · · (0.079) · · · (0.202) · · · · · · 3.7534 12.2025 8

G018.260-00.246 18:25:05.7 -13:08:33.6 18.260 -0.246 2.5 1.602(0.072) 4 1.626(0.054) 7.093(0.139) 5.306 69.167 1 1.969(0.050) 6.939(0.104) 4.232 116.434 4.5412 11.4130 0

G018.278-00.262 18:25:11.4 -13:08:02.7 18.278 -0.262 0.8 1.091(0.076) 5 1.106(0.044) 5.650(0.115) 5.937 68.138 1 1.239(0.050) 5.613(0.127) 3.022 116.272 4.5010 11.4515 0

G018.303-00.389 18:25:42.0 -13:10:14.9 18.303 -0.389 5.7 3.004(0.094) 5 3.917(0.053) 14.035(0.136) 4.659 33.631 1 2.169(0.054) 5.832(0.112) 4.013 80.556 2.8853 13.0651 3

G018.353-00.276 18:25:23.0 -13:04:28.8 18.353 -0.276 7.4 0.459(0.075) 5 0.303(0.053) 1.030(0.113) 3.416 67.207 1 0.182(0.049) 0.327(0.072) 1.865 113.845 4.4599 11.4858 8

G018.372-00.381 18:25:48.3 -13:06:22.7 18.372 -0.381 5.7 0.504(0.072) 1 2.675(0.065) 7.800(0.137) 2.733 44.563 1 1.373(0.074) 3.853(0.154) 1.538 92.740 3.4716 12.4724 0

G018.410-00.293 18:25:33.5 -13:01:55.6 18.410 -0.293 6.6 0.285(0.083) 1 0.345(0.080) 0.818(0.170) 2.301 68.515 0 · · · (0.107) · · · (0.271) · · · · · · 4.5053 11.4351 8

G018.424-00.189 18:25:12.3 -12:58:14.8 18.424 -0.189 12.9 0.140(0.062) 0 · · · (0.045) · · · (0.117) · · · · · · 0 · · · (0.046) · · · (0.116) · · · · · · · · · · · · 0

G018.440+00.035 18:24:25.5 -12:51:06.1 18.440 +0.035 152.9 0.131(0.072) 1 0.436(0.077) 1.147(0.163) 2.680 61.434 0 · · · (0.096) · · · (0.244) · · · · · · 4.2251 11.7123 0

G018.452-00.200 18:25:17.9 -12:57:04.6 18.452 -0.200 10.9 0.229(0.059) 1 0.312(0.076) 0.440(0.114) 1.507 52.345 0 · · · (0.093) · · · (0.235) · · · · · · 3.8347 12.1017 0

G018.462-00.003 18:24:36.2 -12:51:01.8 18.462 -0.003 4.6 1.749(0.065) 4 1.478(0.039) 7.150(0.101) 6.541 50.868 1 1.348(0.057) 6.294(0.145) 4.396 99.358 3.7664 12.1689 0

G018.488-00.164 18:25:14.2 -12:54:09.3 18.488 -0.164 6.7 0.280(0.044) 1 1.191(0.047) 2.170(0.071) 1.472 45.060 1 0.531(0.048) 0.732(0.071) 1.247 92.556 3.4869 12.4462 8

G018.494-00.199 18:25:22.6 -12:54:49.1 18.494 -0.199 5.0 0.290(0.049) 2 · · · (0.036) · · · (0.108) · · · · · · 1 0.239(0.047) 0.330(0.069) 4.237 93.712 · · · · · · 8

G018.522+00.088 18:24:23.3 -12:45:15.8 18.522 +0.088 1.0 0.211(0.035) 1 0.299(0.086) 0.466(0.129) NaN 45.805 0 · · · (0.120) · · · (0.305) · · · · · · 3.5208 12.4090 0

G018.528+00.308 18:23:36.1 -12:38:46.1 18.528 +0.308 1.0 0.167(0.034) 0 · · · (0.101) · · · (0.263) · · · · · · 0 · · · (0.104) · · · (0.265) · · · · · · · · · · · · 0

G018.530-00.172 18:25:20.7 -12:52:09.5 18.530 -0.172 46.9 0.185(0.039) 0 · · · (0.084) · · · (0.217) · · · · · · 0 · · · (0.101) · · · (0.255) · · · · · · · · · · · · 0

G018.552+00.037 18:24:37.9 -12:45:08.0 18.552 +0.037 5.2 0.386(0.042) 1 0.617(0.105) 1.842(0.223) 3.768 35.476 0 · · · (0.129) · · · (0.532) · · · · · · 2.9726 12.9545 0

G018.561-00.162 18:25:22.2 -12:50:11.8 18.561 -0.162 15.3 0.194(0.041) 0 · · · (0.047) · · · (0.122) · · · · · · 0 · · · (0.070) · · · (0.177) · · · · · · · · · · · · 1

G018.567-00.435 18:26:22.5 -12:57:32.7 18.567 -0.435 16.9 0.191(0.040) 1 0.216(0.052) 0.387(0.077) NaN 46.012 0 · · · (0.060) · · · (0.152) · · · · · · 3.5278 12.3983 8

G018.567-00.089 18:25:07.1 -12:47:50.5 18.567 -0.089 7.3 0.267(0.038) 1 0.608(0.101) 2.876(0.302) 8.131 46.032 1 0.680(0.116) 2.070(0.295) 5.212 93.768 3.5284 12.3972 8

G018.572-00.349 18:26:04.3 -12:54:54.1 18.572 -0.349 6.4 0.162(0.039) 0 · · · (0.082) · · · (0.212) · · · · · · 0 · · · (0.095) · · · (0.241) · · · · · · · · · · · · 0

G018.594+00.335 18:23:38.1 -12:34:32.2 18.594 +0.335 9.3 0.294(0.038) 5 0.960(0.098) 3.474(0.207) 4.430 19.214 1 0.486(0.111) 0.827(0.162) 0.500 65.319 1.9098 14.0135 0

G018.607-00.136 18:25:21.7 -12:47:04.6 18.607 -0.136 23.1 0.185(0.034) 0 · · · (0.049) · · · (0.127) · · · · · · 0 · · · (0.053) · · · (0.134) · · · · · · · · · · · · 0

G018.608-00.074 18:25:08.3 -12:45:17.0 18.608 -0.074 2.1 0.746(0.043) 4 1.791(0.054) 5.810(0.114) 4.156 45.053 1 1.419(0.063) 4.935(0.130) 4.039 92.974 3.4769 12.4449 8

G018.627+00.298 18:23:49.7 -12:33:48.5 18.627 +0.298 3.1 0.329(0.037) 1 0.517(0.047) 1.768(0.100) 4.560 20.254 1 0.255(0.054) 1.195(0.157) 7.749 67.783 1.9849 13.9352 0

G018.645+00.272 18:23:57.5 -12:33:34.2 18.645 +0.272 1.9 0.223(0.033) 1 0.494(0.093) 1.722(0.196) 3.682 21.280 0 · · · (0.108) · · · (0.274) · · · · · · 2.0584 13.8601 0

G018.654-00.059 18:25:10.6 -12:42:24.9 18.654 -0.059 7.0 1.193(0.046) 1 3.090(0.052) 9.796(0.111) 3.393 45.573 1 1.854(0.059) 5.716(0.122) 3.884 93.012 3.4990 12.4184 0

G018.662-00.485 18:26:44.2 -12:53:56.0 18.662 -0.485 295.1 0.137(0.055) 1 0.304(0.089) 1.139(0.230) 4.620 71.250 0 · · · (0.113) · · · (0.286) · · · · · · 4.5893 11.3280 0

G018.664+00.033 18:24:51.7 -12:39:18.2 18.664 +0.033 7.1 0.987(0.051) 1 1.076(0.048) 4.748(0.124) 5.642 80.800 1 0.756(0.066) 3.514(0.167) 4.721 128.184 4.9278 10.9887 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G018.666+00.067 18:24:44.5 -12:38:13.6 18.666 +0.067 124.7 0.099(0.053) 0 · · · (0.093) · · · (0.240) · · · · · · 0 · · · (0.097) · · · (0.246) · · · · · · · · · · · · 0

G018.684-00.231 18:25:51.4 -12:45:39.3 18.684 -0.231 1.7 0.397(0.029) 1 1.064(0.111) 2.893(0.235) 2.459 45.187 1 0.643(0.126) 2.072(0.261) 3.726 93.430 3.4777 12.4371 0

G018.688-00.138 18:25:31.5 -12:42:49.8 18.688 -0.138 10.9 0.179(0.039) 0 · · · (0.096) · · · (0.250) · · · · · · 0 · · · (0.112) · · · (0.284) · · · · · · · · · · · · 0

G018.692-00.380 18:26:24.7 -12:49:21.4 18.692 -0.380 7.8 0.213(0.037) 1 0.534(0.108) 0.833(0.161) 0.986 66.892 1 0.397(0.138) 1.308(0.287) 1.331 115.517 4.4224 11.4918 0

G018.702-00.228 18:25:52.7 -12:44:34.4 18.702 -0.228 10.2 0.583(0.033) 1 0.921(0.046) 2.794(0.097) 3.531 44.270 1 0.550(0.079) 1.450(0.164) 4.111 92.018 3.4306 12.4825 0

G018.710+00.001 18:25:03.9 -12:37:45.3 18.710 +0.001 2.0 0.641(0.035) 1 1.153(0.049) 3.538(0.104) 2.998 28.337 1 0.745(0.065) 2.437(0.135) 4.077 75.611 2.5315 13.3807 0

G018.736-00.226 18:25:56.1 -12:42:43.7 18.736 -0.226 8.1 1.889(0.047) 4 1.870(0.058) 8.954(0.149) 6.475 40.178 1 1.883(0.067) 10.550(0.171) 4.987 88.138 3.2169 12.6929 0

G018.746+00.031 18:25:01.5 -12:35:01.0 18.746 +0.031 169.4 0.121(0.048) 0 · · · (0.103) · · · (0.266) · · · · · · 0 · · · (0.101) · · · (0.255) · · · · · · · · · · · · 0

G018.764+00.261 18:24:13.6 -12:27:36.3 18.764 +0.261 1.8 0.834(0.041) 1 1.090(0.048) 4.580(0.125) 4.683 20.782 1 1.230(0.072) 3.692(0.148) 2.984 68.544 2.0152 13.8921 0

G018.774-00.464 18:26:52.3 -12:47:22.9 18.774 -0.464 17.0 0.202(0.039) 1 0.574(0.095) 1.463(0.202) 2.125 67.101 0 · · · (0.128) · · · (0.324) · · · · · · 4.4246 11.4821 0

G018.788+00.206 18:24:28.2 -12:27:51.6 18.788 +0.206 0.0 0.160(0.043) 1 0.393(0.107) 0.801(0.160) 1.345 15.845 0 · · · (0.105) · · · (0.267) · · · · · · 1.6396 14.2653 0

G018.802-00.297 18:26:19.2 -12:41:14.1 18.802 -0.297 4.9 0.538(0.047) 1 0.324(0.055) 1.172(0.117) 3.899 65.550 1 0.281(0.065) 1.508(0.192) 7.939 113.099 4.3621 11.5416 8

G018.824-00.078 18:25:34.1 -12:33:54.5 18.824 -0.078 6.8 0.375(0.041) 1 0.269(0.054) 0.850(0.114) 3.199 121.976 1 0.163(0.050) 0.428(0.104) 0.871 169.974 6.1900 9.7114 0

G018.828-00.544 18:27:15.9 -12:46:44.8 18.828 -0.544 216.1 0.073(0.074) 1 0.542(0.100) 1.489(0.212) 2.914 62.815 0 · · · (0.102) · · · (0.258) · · · · · · 4.2520 11.6498 0

G018.830-00.485 18:27:03.5 -12:44:59.5 18.830 -0.485 6.4 1.657(0.060) 4 1.202(0.053) 5.479(0.137) 5.089 65.276 1 1.705(0.064) 5.567(0.132) 4.374 112.903 4.3495 11.5519 0

G018.834-00.299 18:26:23.3 -12:39:36.6 18.834 -0.299 3.4 0.663(0.053) 1 0.654(0.056) 2.282(0.119) 4.135 42.670 1 0.289(0.063) 0.848(0.160) 0.980 90.062 3.3394 12.5613 0

G018.842-00.025 18:25:24.8 -12:31:30.5 18.842 -0.025 6.5 0.178(0.051) 1 0.425(0.090) 1.347(0.191) 3.429 57.759 1 0.527(0.117) 0.812(0.171) 1.156 104.758 4.0413 11.8584 0

G018.844-00.376 18:26:41.2 -12:41:10.2 18.844 -0.376 6.9 0.464(0.047) 4 0.645(0.054) 3.686(0.162) 8.024 61.015 1 0.226(0.054) 2.056(0.223) 15.199 109.907 4.1774 11.7225 8

G018.846-00.170 18:25:56.6 -12:35:20.9 18.846 -0.170 9.8 0.113(0.038) 0 · · · (0.089) · · · (0.232) · · · · · · 0 · · · (0.089) · · · (0.226) · · · · · · · · · · · · 0

G018.846-00.198 18:26:02.7 -12:36:07.4 18.846 -0.198 14.7 0.109(0.039) 0 · · · (0.091) · · · (0.235) · · · · · · 0 · · · (0.117) · · · (0.297) · · · · · · · · · · · · 0

G018.846-00.083 18:25:37.8 -12:32:54.4 18.846 -0.083 1.4 0.216(0.041) 1 0.446(0.110) 0.827(0.165) 1.656 46.290 0 · · · (0.122) · · · (0.309) · · · · · · 3.5192 12.3801 8

G018.864-00.418 18:26:52.7 -12:41:18.2 18.864 -0.418 9.5 0.258(0.063) 1 0.451(0.106) 0.808(0.158) 1.303 26.006 0 · · · (0.131) · · · (0.332) · · · · · · 2.3703 13.5277 8

G018.882-00.510 18:27:14.7 -12:42:55.5 18.882 -0.510 7.2 0.654(0.074) 1 0.660(0.054) 3.183(0.139) 5.002 66.317 1 0.709(0.068) 1.986(0.141) 3.928 114.074 4.3864 11.5101 0

G018.888-00.475 18:27:07.9 -12:41:38.0 18.888 -0.475 1.7 1.953(0.066) 4 3.917(0.046) 19.751(0.120) 6.954 65.798 1 4.130(0.058) 18.699(0.147) 5.782 113.289 4.3657 11.5302 8

G018.892+00.044 18:25:15.4 -12:26:53.3 18.892 +0.044 7.4 0.607(0.038) 5 0.987(0.056) 3.208(0.118) 3.272 49.291 1 0.393(0.069) 0.970(0.143) 3.353 96.875 3.6593 12.2357 0

G018.900-00.278 18:26:26.3 -12:35:28.6 18.900 -0.278 0.4 0.358(0.048) 0 · · · (0.107) · · · (0.279) · · · · · · 0 · · · (0.126) · · · (0.321) · · · · · · · · · · · · 0

G018.904-00.223 18:26:14.9 -12:33:45.7 18.904 -0.223 15.3 0.119(0.039) 0 · · · (0.088) · · · (0.227) · · · · · · 0 · · · (0.100) · · · (0.254) · · · · · · · · · · · · 0

G018.908-00.093 18:25:47.1 -12:29:54.7 18.908 -0.093 13.2 0.195(0.050) 2 · · · (0.089) · · · (0.401) · · · · · · 0 · · · (0.101) · · · (0.256) · · · · · · · · · · · · 8

G018.920-00.117 18:25:53.7 -12:29:56.1 18.920 -0.117 1.1 0.145(0.050) 1 0.288(0.083) 0.936(0.176) 3.463 65.531 0 · · · (0.101) · · · (0.256) · · · · · · 4.3526 11.5398 0

G018.922+00.054 18:25:16.6 -12:25:01.0 18.922 +0.054 10.0 0.164(0.035) 0 · · · (0.097) · · · (0.250) · · · · · · 0 · · · (0.104) · · · (0.263) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G018.924+00.083 18:25:10.6 -12:24:08.2 18.924 +0.083 9.2 0.133(0.042) 1 0.450(0.097) 0.554(0.145) 0.660 45.453 0 · · · (0.090) · · · (0.228) · · · · · · 3.4721 12.4199 0

G018.924-00.072 18:25:44.2 -12:28:28.3 18.924 -0.072 9.4 0.118(0.048) 1 0.321(0.052) 0.567(0.079) NaN 47.138 0 · · · (0.054) · · · (0.138) · · · · · · 3.5544 12.3376 8

G018.928-00.025 18:25:34.7 -12:26:56.0 18.928 -0.025 22.9 0.705(0.047) 1 0.435(0.055) 1.508(0.117) 3.958 46.064 1 0.409(0.061) 1.136(0.126) 2.014 93.263 3.5018 12.3897 0

G018.932-00.134 18:25:58.6 -12:29:44.2 18.932 -0.134 7.4 0.125(0.048) 1 0.319(0.045) 0.782(0.095) 2.272 63.520 0 · · · (0.055) · · · (0.140) · · · · · · 4.2721 11.6191 0

G018.948-00.455 18:27:10.4 -12:37:54.3 18.948 -0.455 6.1 0.218(0.037) 0 · · · (0.087) · · · (0.225) · · · · · · 0 · · · (0.102) · · · (0.259) · · · · · · · · · · · · 0

G018.950-00.073 18:25:47.6 -12:27:05.9 18.950 -0.073 6.9 0.240(0.043) 1 0.314(0.047) 0.546(0.070) 1.191 60.758 0 · · · (0.046) · · · (0.118) · · · · · · 4.1586 11.7308 0

G018.952-00.032 18:25:38.7 -12:25:50.6 18.952 -0.032 1.1 0.514(0.040) 1 0.261(0.047) 0.856(0.100) 3.882 44.775 0 · · · (0.058) · · · (0.084) · · · · · · 3.4364 12.4529 0

G018.954-00.316 18:26:40.7 -12:33:40.9 18.954 -0.316 16.7 0.195(0.045) 1 0.252(0.091) 0.708(0.193) 4.393 50.191 0 · · · (0.108) · · · (0.275) · · · · · · 3.6969 12.1925 0

G018.954+00.043 18:25:22.8 -12:23:38.7 18.954 +0.043 8.5 0.272(0.049) 0 · · · (0.109) · · · (0.282) · · · · · · 0 · · · (0.117) · · · (0.296) · · · · · · · · · · · · 0

G018.968-00.268 18:26:31.9 -12:31:36.0 18.968 -0.268 7.8 0.251(0.059) 0 · · · (0.096) · · · (0.249) · · · · · · 0 · · · (0.130) · · · (0.330) · · · · · · · · · · · · 1

G018.971+00.048 18:25:23.6 -12:22:33.5 18.971 +0.048 69.0 0.243(0.054) 0 · · · (0.099) · · · (0.258) · · · · · · 0 · · · (0.118) · · · (0.299) · · · · · · · · · · · · 1

G018.972-00.401 18:27:01.4 -12:35:08.2 18.972 -0.401 2.3 0.263(0.042) 0 · · · (0.055) · · · (0.143) · · · · · · 0 · · · (0.051) · · · (0.130) · · · · · · · · · · · · 1

G018.984-00.297 18:26:40.1 -12:31:34.1 18.984 -0.297 16.3 0.123(0.050) 0 · · · (0.083) · · · (0.215) · · · · · · 0 · · · (0.100) · · · (0.253) · · · · · · · · · · · · 0

G018.992-00.039 18:25:44.9 -12:23:56.1 18.992 -0.039 6.1 0.572(0.043) 2 · · · (0.049) · · · (0.243) · · · · · · 0 · · · (0.049) · · · (0.125) · · · · · · · · · · · · 0

G019.000-00.239 18:26:29.3 -12:29:06.8 19.000 -0.239 148.1 0.149(0.057) 1 0.893(0.101) 2.929(0.213) 3.687 64.192 1 0.566(0.106) 1.390(0.219) 3.384 111.788 4.2940 11.5908 0

G019.004+00.129 18:25:09.9 -12:18:34.8 19.004 +0.129 9.5 0.501(0.049) 1 0.474(0.064) 2.876(0.403) 8.543 68.011 1 0.653(0.060) 3.009(0.152) 5.331 115.983 4.4426 11.4418 0

G019.006-00.082 18:25:55.8 -12:24:22.7 19.006 -0.082 8.1 0.492(0.053) 1 0.736(0.061) 2.171(0.322) 2.862 62.044 1 0.342(0.051) 0.847(0.105) 2.512 110.674 4.2071 11.6770 0

G019.010-00.028 18:25:44.6 -12:22:37.9 19.010 -0.028 6.5 1.176(0.052) 5 2.939(0.040) 11.918(0.105) 6.019 59.980 4 1.713(0.055) 7.144(0.140) 4.495 107.624 4.1220 11.7617 0

G019.038-00.442 18:27:17.7 -12:32:44.6 19.038 -0.442 7.0 0.303(0.038) 1 0.603(0.047) 2.060(0.272) 3.358 56.400 1 0.189(0.054) 0.549(0.112) 1.244 104.423 3.9687 11.9129 0

G019.044-00.559 18:27:44.1 -12:35:43.1 19.044 -0.559 7.4 0.368(0.063) 0 · · · (0.069) · · · (0.328) · · · · · · 1 0.282(0.060) 0.770(0.125) 4.079 96.144 · · · · · · 0

G019.054-00.053 18:25:55.1 -12:21:00.4 19.054 -0.053 179.8 0.099(0.060) 1 0.767(0.048) 1.959(0.252) 2.206 47.767 0 · · · (0.056) · · · (0.143) · · · · · · 3.5747 12.3048 8

G019.058-00.209 18:26:29.4 -12:25:10.7 19.058 -0.209 2.8 0.611(0.050) 5 1.040(0.043) 3.115(0.092) 2.647 63.035 1 0.651(0.062) 1.781(0.128) 3.598 110.584 4.2435 11.6358 0

G019.058+00.026 18:25:38.3 -12:18:34.9 19.058 +0.026 7.2 0.183(0.051) 1 0.521(0.050) 1.071(0.263) 2.065 46.060 1 0.214(0.053) 0.385(0.077) 1.136 94.251 3.4917 12.3874 0

G019.074-00.248 18:26:39.7 -12:25:24.9 19.074 -0.248 11.4 0.397(0.053) 1 0.517(0.043) 1.377(0.091) 2.470 65.791 1 0.273(0.043) 0.658(0.090) 1.730 113.107 4.3518 11.5260 0

G019.078-00.287 18:26:48.6 -12:26:18.6 19.078 -0.287 3.6 2.651(0.057) 5 2.040(0.047) 10.844(0.122) 5.417 65.196 1 2.268(0.050) 9.116(0.127) 4.657 113.269 4.3282 11.5493 0

G019.084+00.064 18:25:33.0 -12:16:09.9 19.084 +0.064 11.8 0.161(0.037) 0 · · · (0.045) · · · (0.203) · · · · · · 0 · · · (0.049) · · · (0.124) · · · · · · · · · · · · 0

G019.086-00.166 18:26:23.3 -12:22:27.6 19.086 -0.166 9.1 0.171(0.038) 1 0.286(0.046) 0.789(0.097) 2.581 60.491 0 · · · (0.061) · · · (0.155) · · · · · · 4.1377 11.7389 0

G019.100+00.119 18:25:23.0 -12:13:46.3 19.100 +0.119 8.9 0.373(0.034) 1 0.658(0.047) 1.771(0.223) 2.470 46.675 1 0.528(0.045) 0.879(0.066) 1.387 95.071 3.5185 12.3566 0

G019.104+00.329 18:24:37.9 -12:07:41.8 19.104 +0.329 1.7 0.130(0.045) 1 0.412(0.049) 1.401(0.233) 2.929 28.924 0 · · · (0.062) · · · (0.157) · · · · · · 2.5413 13.3338 0

G019.132-00.253 18:26:47.6 -12:22:28.9 19.132 -0.253 7.3 0.234(0.039) 1 0.552(0.053) 1.561(0.251) 2.496 101.163 1 0.213(0.049) 0.456(0.102) 2.309 149.184 5.5576 10.3147 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G019.150+00.027 18:25:48.8 -12:13:42.3 19.150 +0.027 16.6 0.196(0.053) 1 0.203(0.048) 0.624(0.102) 2.255 92.099 0 · · · (0.055) · · · (0.138) · · · · · · 5.2721 10.5983 0

G019.182-00.157 18:26:32.4 -12:17:08.9 19.182 -0.157 1.1 0.206(0.034) 0 · · · (0.046) · · · (0.119) · · · · · · 0 · · · (0.053) · · · (0.135) · · · · · · · · · · · · 0

G019.186-00.318 18:27:07.6 -12:21:26.1 19.186 -0.318 2.6 0.215(0.045) 1 0.491(0.056) 1.338(0.295) 2.833 99.337 1 0.229(0.060) 1.043(0.152) 4.017 146.939 5.4988 10.3683 0

G019.210-00.322 18:27:11.3 -12:20:14.9 19.210 -0.322 10.5 0.161(0.044) 1 0.336(0.062) 1.148(0.328) 2.690 67.487 0 · · · (0.066) · · · (0.168) · · · · · · 4.4082 11.4566 0

G019.213-00.290 18:27:04.8 -12:19:10.7 19.213 -0.290 9.8 0.151(0.041) 0 · · · (0.057) · · · (0.148) · · · · · · 0 · · · (0.059) · · · (0.149) · · · · · · · · · · · · 0

G019.218-00.292 18:27:05.8 -12:19:00.6 19.218 -0.292 10.9 0.149(0.041) 0 · · · (0.060) · · · (0.156) · · · · · · 0 · · · (0.070) · · · (0.178) · · · · · · · · · · · · 0

G019.224-00.147 18:26:35.0 -12:14:37.8 19.224 -0.147 5.7 0.189(0.041) 1 0.988(0.055) 1.987(0.259) 1.893 71.575 1 0.305(0.066) 0.760(0.137) 0.618 120.403 4.5620 11.3013 0

G019.226+00.300 18:24:58.1 -12:02:01.0 19.226 +0.300 6.0 0.144(0.040) 1 0.711(0.062) 2.153(0.329) 3.611 17.649 0 · · · (0.084) · · · (0.213) · · · · · · 1.7570 14.1063 0

G019.228+00.017 18:25:59.9 -12:09:49.5 19.228 +0.017 22.6 0.158(0.044) 0 · · · (0.051) · · · (0.133) · · · · · · 0 · · · (0.065) · · · (0.164) · · · · · · · · · · · · 0

G019.238+00.101 18:25:42.8 -12:06:57.2 19.238 +0.101 10.7 0.183(0.038) 0 · · · (0.044) · · · (0.114) · · · · · · 0 · · · (0.054) · · · (0.137) · · · · · · · · · · · · 1

G019.244+00.068 18:25:50.5 -12:07:33.4 19.244 +0.068 6.2 0.185(0.038) 1 0.148(0.048) 0.415(0.101) 3.315 25.409 0 · · · (0.046) · · · (0.117) · · · · · · 2.3058 13.5555 8

G019.250+00.031 18:25:59.3 -12:08:17.8 19.250 +0.031 8.3 0.189(0.042) 0 · · · (0.049) · · · (0.258) · · · · · · 1 0.148(0.053) 0.541(0.136) 4.260 74.041 · · · · · · 1

G019.250+00.267 18:25:08.1 -12:01:39.5 19.250 +0.267 7.3 0.330(0.050) 1 1.370(0.045) 4.129(0.280) 4.256 14.144 1 0.706(0.059) 3.259(0.149) 3.952 63.579 1.4810 14.3799 0

G019.266+00.349 18:24:52.1 -11:58:31.9 19.266 +0.349 8.6 0.261(0.038) 5 0.649(0.043) 2.311(0.230) 4.433 20.502 1 0.524(0.049) 1.708(0.101) 4.029 68.756 1.9656 13.8939 0

G019.267-00.195 18:26:50.4 -12:13:40.3 19.267 -0.195 3.1 0.311(0.038) 5 0.638(0.048) 2.100(0.102) 3.168 38.314 1 0.252(0.057) 0.738(0.118) 0.500 85.457 3.0772 12.7819 0

G019.277+00.303 18:25:03.4 -11:59:11.9 19.277 +0.303 6.0 0.343(0.045) 1 0.800(0.052) 2.922(0.109) 4.141 19.742 1 0.430(0.060) 1.208(0.124) 1.816 67.165 1.9099 13.9484 0

G019.282-00.362 18:27:28.2 -12:17:32.9 19.282 -0.362 10.9 0.142(0.040) 0 · · · (0.055) · · · (0.143) · · · · · · 0 · · · (0.063) · · · (0.160) · · · · · · · · · · · · 1

G019.282-00.388 18:27:33.9 -12:18:15.7 19.282 -0.388 0.2 0.355(0.038) 1 0.339(0.051) 0.462(0.077) 1.342 53.416 0 · · · (0.050) · · · (0.127) · · · · · · 3.8193 12.0386 8

G019.288+00.081 18:25:52.9 -12:04:52.2 19.288 +0.081 7.3 0.581(0.042) 5 1.039(0.043) 2.959(0.091) 3.617 26.691 1 0.973(0.052) 3.416(0.107) 3.849 74.756 2.3869 13.4701 8

G019.308-00.381 18:27:35.4 -12:16:43.4 19.308 -0.381 17.1 0.297(0.036) 1 0.652(0.044) 1.822(0.256) 2.323 44.944 0 · · · (0.048) · · · (0.121) · · · · · · 3.4184 12.4370 0

G019.310+00.065 18:25:58.8 -12:04:08.4 19.310 +0.065 1.4 0.729(0.043) 1 1.895(0.045) 6.090(0.096) 4.002 27.054 1 2.307(0.046) 10.042(0.117) 4.648 74.422 2.4090 13.4459 0

G019.332+00.093 18:25:55.3 -12:02:09.5 19.332 +0.093 15.9 0.149(0.038) 0 · · · (0.064) · · · (0.167) · · · · · · 0 · · · (0.082) · · · (0.208) · · · · · · · · · · · · 0

G019.334-00.242 18:27:08.2 -12:11:25.8 19.334 -0.242 7.2 0.243(0.035) 1 0.409(0.045) 0.983(0.259) 2.645 60.984 0 · · · (0.056) · · · (0.142) · · · · · · 4.1401 11.7126 0

G019.364-00.029 18:26:25.5 -12:03:53.3 19.364 -0.029 7.6 1.702(0.049) 5 2.337(0.048) 10.393(0.143) 8.509 26.258 1 2.231(0.057) 7.215(0.117) 3.311 73.999 2.3540 13.4957 8

G019.375-00.085 18:26:38.9 -12:04:52.6 19.375 -0.085 8.1 0.175(0.048) 0 · · · (0.063) · · · (0.164) · · · · · · 0 · · · (0.064) · · · (0.163) · · · · · · · · · · · · 1

G019.397-00.008 18:26:24.6 -12:01:31.5 19.397 -0.008 5.3 0.301(0.036) 1 0.466(0.040) 0.748(0.211) 1.828 26.334 1 0.356(0.053) 0.858(0.110) 2.628 75.150 2.3568 13.4896 8

G019.402-00.182 18:27:02.9 -12:06:08.9 19.402 -0.182 8.3 0.165(0.042) 1 0.607(0.047) 1.834(0.224) 3.452 59.203 1 0.380(0.054) 1.115(0.112) 2.026 108.073 4.0612 11.7849 0

G019.410-00.162 18:26:59.4 -12:05:09.9 19.410 -0.162 7.5 0.109(0.043) 0 · · · (0.109) · · · (0.282) · · · · · · 0 · · · (0.134) · · · (0.339) · · · · · · · · · · · · 0

G019.412+00.178 18:25:45.9 -11:55:33.1 19.412 +0.178 132.1 0.110(0.050) 1 0.491(0.111) 1.564(0.235) 2.491 113.635 0 · · · (0.125) · · · (0.316) · · · · · · 5.9272 9.9178 0

G019.440+00.155 18:25:54.1 -11:54:41.9 19.440 +0.155 2.6 0.518(0.051) 1 1.579(0.053) 5.197(0.113) 4.152 113.800 1 0.842(0.051) 2.599(0.105) 3.457 161.556 5.9315 9.9108 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G019.450+00.103 18:26:06.6 -11:55:39.2 19.450 +0.103 15.8 0.128(0.041) 0 · · · (0.120) · · · (0.310) · · · · · · 0 · · · (0.128) · · · (0.325) · · · · · · · · · · · · 0

G019.474+00.170 18:25:54.7 -11:52:30.3 19.474 +0.170 2.1 3.039(0.050) 4 2.442(0.055) 12.173(0.144) 6.639 17.683 4 1.768(0.053) 10.897(0.156) 6.406 66.438 1.7468 14.0923 0

G019.480-00.068 18:26:47.0 -11:58:49.6 19.480 -0.068 16.0 0.129(0.044) 0 · · · (0.097) · · · (0.252) · · · · · · 0 · · · (0.142) · · · (0.359) · · · · · · · · · · · · 1

G019.490-00.199 18:27:16.7 -12:01:58.9 19.490 -0.199 6.5 0.477(0.036) 4 0.316(0.044) 1.574(0.114) 5.712 39.386 1 0.166(0.056) 0.468(0.116) 3.412 86.518 3.1189 12.7185 0

G019.490+00.136 18:26:03.9 -11:52:34.8 19.490 +0.136 44.4 0.721(0.039) 1 0.858(0.048) 3.098(0.101) 3.727 24.804 1 0.282(0.060) 1.024(0.152) 4.976 71.603 2.2503 13.5871 0

G019.494-00.055 18:26:45.9 -11:57:43.2 19.494 -0.055 1.5 0.173(0.046) 1 0.557(0.056) 0.894(0.297) 1.450 26.223 0 · · · (0.088) · · · (0.128) · · · · · · 2.3436 13.4934 8

G019.508-00.450 18:28:13.3 -12:08:01.5 19.508 -0.450 10.0 0.248(0.050) 0 · · · (0.070) · · · (0.330) · · · · · · 0 · · · (0.086) · · · (0.219) · · · · · · · · · · · · 0

G019.518+00.077 18:26:20.0 -11:52:44.1 19.518 +0.077 2.2 0.231(0.041) 1 0.950(0.059) 3.256(0.312) 3.345 124.295 1 0.704(0.066) 2.865(0.167) 3.840 172.207 6.2518 9.5828 0

G019.526-00.085 18:26:56.1 -11:56:51.9 19.526 -0.085 0.9 0.136(0.045) 1 0.232(0.050) 0.823(0.263) 3.102 66.714 0 · · · (0.067) · · · (0.169) · · · · · · 4.3563 11.4775 0

G019.532+00.044 18:26:28.6 -11:52:56.3 19.532 +0.044 6.0 0.151(0.034) 0 · · · (0.069) · · · (0.179) · · · · · · 0 · · · (0.057) · · · (0.144) · · · · · · · · · · · · 0

G019.538-00.223 18:27:27.4 -12:00:05.4 19.538 -0.223 15.3 0.224(0.046) 0 · · · (0.052) · · · (0.134) · · · · · · 0 · · · (0.070) · · · (0.178) · · · · · · · · · · · · 0

G019.540-00.458 18:28:18.6 -12:06:30.6 19.540 -0.458 7.2 0.444(0.043) 1 1.572(0.083) 4.382(0.482) 2.742 63.703 1 0.791(0.086) 1.871(0.178) 1.980 112.281 4.2365 11.5964 8

G019.560-00.137 18:27:11.3 -11:56:31.2 19.560 -0.137 7.6 0.154(0.044) 0 · · · (0.071) · · · (0.185) · · · · · · 0 · · · (0.058) · · · (0.146) · · · · · · · · · · · · 0

G019.568+00.043 18:26:33.2 -11:51:03.3 19.568 +0.043 6.6 0.170(0.035) 0 · · · (0.073) · · · (0.190) · · · · · · 0 · · · (0.055) · · · (0.141) · · · · · · · · · · · · 0

G019.576-00.099 18:27:04.8 -11:54:37.7 19.576 -0.099 2.1 0.449(0.037) 1 0.402(0.081) 1.361(0.171) 3.758 64.185 1 0.198(0.059) 0.568(0.123) 2.493 111.341 4.2531 11.5759 0

G019.592-00.080 18:27:02.4 -11:53:13.2 19.592 -0.080 1.3 0.484(0.036) 1 0.343(0.065) 1.533(0.378) 4.803 61.086 0 · · · (0.087) · · · (0.221) · · · · · · 4.1261 11.7013 0

G019.594+00.025 18:26:40.0 -11:50:12.1 19.594 +0.025 9.2 0.162(0.034) 0 · · · (0.059) · · · (0.153) · · · · · · 0 · · · (0.053) · · · (0.133) · · · · · · · · · · · · 0

G019.610-00.233 18:27:37.9 -11:56:33.1 19.610 -0.233 0.7 6.924(0.073) 4 3.070(0.090) 20.982(0.301) 9.777 41.230 1 0.965(0.074) 6.342(0.215) 7.593 91.068 3.2076 12.6181 4

G019.611-00.137 18:27:17.1 -11:53:46.7 19.611 -0.137 2.8 1.124(0.039) 1 1.268(0.042) 6.012(0.110) 5.160 56.804 1 0.774(0.069) 4.243(0.174) 4.668 104.528 3.9442 11.8813 0

G019.630-00.045 18:26:59.3 -11:50:14.4 19.630 -0.045 7.6 0.215(0.033) 1 0.379(0.059) 1.050(0.278) 2.585 61.549 1 0.275(0.065) 0.540(0.096) 1.144 110.405 4.1425 11.6811 0

G019.642-00.170 18:27:27.6 -11:53:04.9 19.642 -0.170 1.7 0.360(0.040) 0 · · · (0.076) · · · (0.401) · · · · · · 1 0.281(0.077) 0.925(0.195) 1.358 85.661 · · · · · · 0

G019.668+00.112 18:26:29.5 -11:43:48.2 19.668 +0.112 1.4 0.181(0.039) 1 0.909(0.044) 2.989(0.191) 3.111 22.500 1 0.448(0.068) 1.658(0.141) 3.028 71.043 2.0836 13.7363 0

G019.684-00.129 18:27:23.6 -11:49:43.1 19.684 -0.129 2.2 0.552(0.042) 1 0.560(0.044) 1.655(0.094) 2.908 56.866 0 · · · (0.066) · · · (0.167) · · · · · · 3.9418 11.8766 3

G019.696-00.174 18:27:34.7 -11:50:19.3 19.696 -0.174 8.7 0.133(0.049) 1 0.254(0.058) 0.758(0.172) 9.185 55.677 0 · · · (0.061) · · · (0.156) · · · · · · 3.8893 11.9279 0

G019.700-00.263 18:27:54.6 -11:52:36.4 19.700 -0.263 8.1 1.132(0.042) 5 0.955(0.057) 4.712(0.147) 5.976 42.356 1 1.007(0.068) 4.928(0.173) 5.359 90.211 3.2595 12.5574 0

G019.718-00.171 18:27:36.7 -11:49:04.6 19.718 -0.171 6.8 0.161(0.046) 0 · · · (0.050) · · · (0.238) · · · · · · 1 0.292(0.063) 0.770(0.129) 2.571 114.486 · · · · · · 1

G019.728-00.113 18:27:25.2 -11:46:55.8 19.728 -0.113 1.3 0.550(0.036) 1 0.598(0.059) 1.839(0.126) 2.741 59.377 1 0.627(0.061) 0.835(0.089) 1.269 107.559 4.0456 11.7684 0

G019.744+00.279 18:26:02.1 -11:35:07.7 19.744 +0.279 7.4 0.329(0.041) 1 0.434(0.062) 1.487(0.291) 3.392 19.285 0 · · · (0.087) · · · (0.219) · · · · · · 1.8515 13.9611 0

G019.746-00.173 18:27:40.3 -11:47:38.4 19.746 -0.173 7.5 0.225(0.044) 1 0.613(0.063) 1.757(0.334) 2.439 65.311 1 0.253(0.062) 0.781(0.128) 1.863 115.130 4.2864 11.5258 0

G019.756-00.128 18:27:31.6 -11:45:50.0 19.756 -0.128 6.1 0.857(0.037) 1 1.030(0.063) 3.605(0.134) 3.800 121.219 1 0.887(0.064) 3.178(0.161) 4.427 168.507 6.1541 9.6571 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G019.786-00.521 18:29:00.5 -11:55:12.3 19.786 -0.521 16.2 0.141(0.048) 0 · · · (0.057) · · · (0.300) · · · · · · 0 · · · (0.068) · · · (0.173) · · · · · · · · · · · · 1

G019.806+00.030 18:27:03.0 -11:38:46.9 19.806 +0.030 8.5 0.178(0.036) 0 · · · (0.052) · · · (0.135) · · · · · · 0 · · · (0.054) · · · (0.138) · · · · · · · · · · · · 0

G019.806-00.444 18:28:45.9 -11:51:59.2 19.806 -0.444 1.1 0.179(0.037) 0 · · · (0.055) · · · (0.142) · · · · · · 0 · · · (0.050) · · · (0.128) · · · · · · · · · · · · 0

G019.820-00.419 18:28:42.2 -11:50:34.1 19.820 -0.419 7.1 0.163(0.041) 5 0.419(0.052) 1.251(0.247) 2.832 69.946 0 · · · (0.069) · · · (0.174) · · · · · · 4.4618 11.3434 0

G019.830-00.329 18:28:23.7 -11:47:31.6 19.830 -0.329 6.9 0.648(0.039) 1 1.826(0.056) 3.702(0.084) 1.960 44.682 1 0.675(0.066) 1.968(0.137) 1.248 92.282 3.3679 12.4362 8

G019.874-00.090 18:27:36.8 -11:38:32.1 19.874 -0.090 10.0 0.159(0.035) 0 · · · (0.046) · · · (0.120) · · · · · · 0 · · · (0.060) · · · (0.151) · · · · · · · · · · · · 0

G019.884-00.534 18:29:14.3 -11:50:22.8 19.884 -0.534 5.8 3.315(0.071) 1 6.652(0.055) 34.019(0.141) 5.729 44.066 1 4.364(0.064) 15.207(0.132) 4.029 91.162 3.3336 12.4656 0

G019.894+00.102 18:26:57.4 -11:32:03.8 19.894 +0.102 6.2 0.327(0.039) 1 1.518(0.059) 4.086(0.312) 2.094 46.034 1 0.372(0.072) 0.726(0.106) 1.306 94.447 3.4298 12.3677 0

G019.896-00.440 18:28:55.3 -11:47:05.3 19.896 -0.440 16.1 0.252(0.037) 1 0.479(0.060) 1.567(0.285) 4.116 70.684 1 0.214(0.064) 0.486(0.133) 1.091 118.842 4.4850 11.3127 0

G019.914-00.203 18:28:06.0 -11:39:33.6 19.914 -0.203 0.3 0.232(0.038) 1 0.261(0.059) 0.702(0.125) 3.025 63.330 0 · · · (0.054) · · · (0.138) · · · · · · 4.1960 11.5996 8

G019.924-00.258 18:28:18.9 -11:40:31.2 19.924 -0.258 6.4 1.376(0.043) 1 1.159(0.058) 5.827(0.149) 5.377 64.313 1 1.172(0.071) 5.118(0.181) 5.467 112.395 4.2349 11.5597 8

G019.927-00.302 18:28:28.8 -11:41:38.4 19.927 -0.302 9.0 0.137(0.033) 0 · · · (0.060) · · · (0.156) · · · · · · 0 · · · (0.055) · · · (0.138) · · · · · · · · · · · · 1

G019.932-00.010 18:27:26.0 -11:33:12.9 19.932 -0.010 16.4 0.112(0.036) 0 · · · (0.048) · · · (0.126) · · · · · · 0 · · · (0.056) · · · (0.143) · · · · · · · · · · · · 0

G019.970-00.104 18:27:50.8 -11:33:47.9 19.970 -0.104 11.5 0.189(0.046) 5 0.489(0.053) 1.417(0.251) 2.677 68.026 1 0.315(0.067) 1.182(0.170) 1.263 117.504 4.3782 11.4117 8

G019.980-00.213 18:28:15.7 -11:36:21.9 19.980 -0.213 5.4 0.417(0.042) 5 0.927(0.057) 3.038(0.121) 2.952 45.169 1 0.610(0.068) 1.697(0.141) 2.335 92.722 3.3815 12.4075 8

G019.982+00.417 18:25:59.4 -11:18:37.3 19.982 +0.417 14.8 0.155(0.034) 0 · · · (0.063) · · · (0.162) · · · · · · 0 · · · (0.067) · · · (0.171) · · · · · · · · · · · · 0

G019.986-00.142 18:28:00.8 -11:34:01.2 19.986 -0.142 111.8 0.104(0.043) 0 · · · (0.049) · · · (0.126) · · · · · · 0 · · · (0.049) · · · (0.124) · · · · · · · · · · · · 0

G020.004-00.167 18:28:08.3 -11:33:47.2 20.004 -0.167 20.7 0.260(0.037) 1 0.255(0.047) 1.420(0.273) 5.348 54.636 1 0.287(0.056) 1.333(0.142) 6.336 103.554 3.8222 11.9643 0

G020.028-00.172 18:28:12.1 -11:32:36.6 20.028 -0.172 0.7 0.297(0.037) 0 · · · (0.069) · · · (0.178) · · · · · · 0 · · · (0.068) · · · (0.173) · · · · · · · · · · · · 0

G020.050+00.195 18:26:55.1 -11:21:13.9 20.050 +0.195 1.9 0.278(0.034) 1 0.519(0.042) 1.513(0.245) 2.444 17.731 1 0.255(0.058) 0.642(0.120) 1.575 65.975 1.7219 14.0600 0

G020.078-00.490 18:29:26.8 -11:38:49.8 20.078 -0.490 1.5 0.226(0.037) 0 · · · (0.051) · · · (0.133) · · · · · · 0 · · · (0.060) · · · (0.151) · · · · · · · · · · · · 0

G020.082-00.135 18:28:10.4 -11:28:43.8 20.082 -0.135 0.4 3.024(0.043) 0 · · · (0.066) · · · (0.172) · · · · · · 0 · · · (0.066) · · · (0.168) · · · · · · · · · · · · 4

G020.154-00.058 18:28:01.7 -11:22:43.6 20.154 -0.058 19.8 0.158(0.036) 1 0.249(0.060) 0.665(0.127) 2.539 58.492 0 · · · (0.067) · · · (0.171) · · · · · · 3.9793 11.7921 0

G020.160-00.071 18:28:05.4 -11:22:49.0 20.160 -0.071 25.4 0.150(0.035) 0 · · · (0.040) · · · (0.104) · · · · · · 0 · · · (0.054) · · · (0.136) · · · · · · · · · · · · 0

G020.232+00.087 18:27:39.3 -11:14:34.4 20.232 +0.087 7.5 0.371(0.034) 1 0.736(0.075) 3.853(0.195) 5.799 73.015 1 0.579(0.064) 2.123(0.133) 2.637 120.050 4.5517 11.2118 0

G020.238+00.066 18:27:44.4 -11:14:49.3 20.238 +0.066 6.5 0.646(0.035) 0 · · · (0.061) · · · (0.158) · · · · · · 0 · · · (0.069) · · · (0.175) · · · · · · · · · · · · 0

G020.274-00.179 18:28:41.8 -11:19:45.2 20.274 -0.179 6.5 0.112(0.037) 0 · · · (0.051) · · · (0.132) · · · · · · 0 · · · (0.056) · · · (0.141) · · · · · · · · · · · · 0

G020.278+00.056 18:27:51.2 -11:12:59.5 20.278 +0.056 7.2 0.123(0.034) 0 · · · (0.050) · · · (0.238) · · · · · · 0 · · · (0.051) · · · (0.129) · · · · · · · · · · · · 0

G020.301-00.217 18:28:53.1 -11:19:24.4 20.301 -0.217 9.9 0.149(0.041) 0 · · · (0.057) · · · (0.303) · · · · · · 0 · · · (0.055) · · · (0.138) · · · · · · · · · · · · 0

G020.318+00.079 18:27:50.8 -11:10:13.4 20.318 +0.079 1.1 0.561(0.040) 1 0.412(0.063) 1.955(0.164) 4.833 67.149 1 0.452(0.067) 0.856(0.098) 1.553 114.610 4.3221 11.4327 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G020.320-00.019 18:28:12.3 -11:12:52.2 20.320 -0.019 15.7 0.152(0.042) 0 · · · (0.061) · · · (0.158) · · · · · · 0 · · · (0.070) · · · (0.176) · · · · · · · · · · · · 0

G020.364-00.013 18:28:16.0 -11:10:20.2 20.364 -0.013 9.1 0.696(0.041) 1 1.277(0.052) 5.325(0.134) 5.904 52.690 1 0.957(0.073) 5.051(0.186) 5.169 99.463 3.7108 12.0392 0

G020.386+00.109 18:27:52.1 -11:05:45.8 20.386 +0.109 7.8 0.141(0.047) 0 · · · (0.047) · · · (0.123) · · · · · · 0 · · · (0.050) · · · (0.126) · · · · · · · · · · · · 0

G020.392-00.019 18:28:20.4 -11:09:01.5 20.392 -0.019 1.7 0.312(0.041) 1 0.608(0.036) 2.137(0.170) 3.422 49.331 1 0.354(0.057) 0.584(0.083) 1.226 97.914 3.5541 12.1931 0

G020.410+00.190 18:27:37.2 -11:02:13.4 20.410 +0.190 6.8 0.214(0.045) 1 0.779(0.046) 3.561(0.268) 4.924 119.355 1 0.563(0.051) 1.963(0.107) 3.826 168.134 6.0898 9.6556 8

G020.434-00.413 18:29:50.7 -11:17:47.0 20.434 -0.413 417.5 0.122(0.039) 0 · · · (0.049) · · · (0.286) · · · · · · 0 · · · (0.060) · · · (0.151) · · · · · · · · · · · · 0

G020.434+00.356 18:27:03.9 -10:56:18.9 20.434 +0.356 0.4 0.200(0.041) 1 0.658(0.038) 2.653(0.237) 5.149 -10.449 0 · · · (0.053) · · · (0.134) · · · · · · 1.0747 16.8178 0

G020.438-00.030 18:28:28.0 -11:06:53.8 20.438 -0.030 2.3 0.263(0.030) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.061) · · · (0.154) · · · · · · · · · · · · 0

G020.438-00.147 18:28:53.4 -11:10:09.5 20.438 -0.147 6.5 0.216(0.037) 1 0.448(0.041) 1.464(0.216) 3.096 72.836 1 0.230(0.055) 0.645(0.114) 0.500 121.545 4.5330 11.2095 0

G020.450+00.079 18:28:05.9 -11:03:14.1 20.450 +0.079 1.0 0.151(0.040) 0 · · · (0.067) · · · (0.174) · · · · · · 0 · · · (0.066) · · · (0.167) · · · · · · · · · · · · 0

G020.466+00.189 18:27:43.9 -10:59:16.1 20.466 +0.189 9.5 0.248(0.043) 1 0.464(0.051) 1.476(0.271) 3.303 20.945 0 · · · (0.058) · · · (0.148) · · · · · · 1.9327 13.8070 0

G020.482+00.169 18:27:50.0 -10:59:02.1 20.482 +0.169 1.6 0.273(0.039) 1 0.430(0.042) 1.394(0.223) 3.769 19.889 0 · · · (0.062) · · · (0.158) · · · · · · 1.8576 13.8805 0

G020.506+00.157 18:27:55.4 -10:58:04.1 20.506 +0.157 21.0 0.208(0.038) 0 · · · (0.040) · · · (0.103) · · · · · · 0 · · · (0.048) · · · (0.123) · · · · · · · · · · · · 0

G020.520+00.179 18:27:52.2 -10:56:41.5 20.520 +0.179 53.1 0.145(0.032) 0 · · · (0.049) · · · (0.127) · · · · · · 0 · · · (0.046) · · · (0.118) · · · · · · · · · · · · 0

G020.542-00.444 18:30:09.5 -11:12:51.9 20.542 -0.444 13.9 0.152(0.033) 1 0.737(0.043) 1.787(0.229) 2.212 67.666 1 0.199(0.062) 0.421(0.090) 1.555 115.846 4.3291 11.4031 0

G020.644+00.242 18:27:52.5 -10:48:22.4 20.644 +0.242 13.9 0.100(0.036) 0 · · · (0.043) · · · (0.111) · · · · · · 0 · · · (0.053) · · · (0.134) · · · · · · · · · · · · 0

G020.660-00.141 18:29:17.2 -10:58:11.6 20.660 -0.141 9.9 0.272(0.046) 5 0.360(0.041) 1.993(0.235) 7.219 57.352 0 · · · (0.052) · · · (0.131) · · · · · · 3.8978 11.8219 0

G020.704-00.283 18:29:53.1 -10:59:47.6 20.704 -0.283 6.7 0.175(0.040) 1 0.339(0.037) 0.607(0.055) 1.811 61.948 0 · · · (0.056) · · · (0.143) · · · · · · 4.0891 11.6261 0

G020.709-00.312 18:29:59.8 -11:00:20.3 20.709 -0.312 3.2 0.496(0.042) 1 0.537(0.046) 1.306(0.098) 2.951 62.429 1 0.379(0.053) 0.952(0.109) 2.189 110.112 4.1087 11.6061 0

G020.718-00.359 18:30:11.1 -11:01:08.2 20.718 -0.359 2.3 0.541(0.036) 1 0.589(0.052) 1.896(0.110) 2.918 62.510 1 0.481(0.061) 1.292(0.126) 4.559 109.911 4.1115 11.6024 8

G020.722-00.017 18:28:57.6 -10:51:26.6 20.722 -0.017 16.9 0.173(0.042) 1 0.548(0.039) 1.395(0.183) 2.479 61.061 1 0.310(0.048) 0.942(0.099) 3.452 109.428 4.0511 11.6621 0

G020.730+00.457 18:27:15.8 -10:37:46.5 20.730 +0.457 7.3 0.294(0.037) 1 0.771(0.048) 2.409(0.254) 3.004 28.104 1 0.885(0.048) 1.328(0.070) 1.448 76.515 2.3890 13.3239 0

G020.732-00.161 18:29:29.8 -10:54:56.0 20.732 -0.161 1.1 0.165(0.054) 1 0.564(0.045) 1.867(0.237) 2.990 56.083 1 0.433(0.053) 1.326(0.109) 2.546 104.336 3.8382 11.8741 0

G020.732-00.059 18:29:07.8 -10:52:04.2 20.732 -0.059 6.4 1.176(0.042) 1 1.476(0.049) 7.599(0.126) 6.276 55.180 1 1.505(0.046) 8.284(0.116) 4.524 102.889 3.7983 11.9138 0

G020.736-00.028 18:29:01.4 -10:50:59.5 20.736 -0.028 17.7 0.205(0.042) 1 0.299(0.046) 0.872(0.097) 2.579 58.358 1 0.357(0.044) 0.620(0.064) 0.802 106.095 3.9362 11.7756 0

G020.748-00.091 18:29:16.5 -10:52:06.5 20.748 -0.091 6.6 1.392(0.041) 1 2.101(0.047) 8.821(0.122) 4.607 58.936 1 1.891(0.054) 8.533(0.136) 4.627 106.389 3.9601 11.7504 0

G020.756+00.453 18:27:19.8 -10:36:31.7 20.756 +0.453 88.0 0.215(0.032) 1 0.549(0.042) 1.005(0.199) 1.582 28.830 1 0.195(0.058) 0.353(0.085) 0.581 77.157 2.4323 13.2778 0

G020.758-00.125 18:29:25.0 -10:52:32.4 20.758 -0.125 10.3 0.231(0.044) 1 0.404(0.051) 1.224(0.269) 2.654 55.135 1 0.215(0.044) 0.326(0.065) 1.327 103.568 3.7948 11.9147 0

G020.766-00.028 18:29:04.7 -10:49:23.5 20.766 -0.028 6.8 0.436(0.043) 1 0.407(0.044) 1.413(0.094) 3.473 57.810 1 0.165(0.047) 0.247(0.068) 1.335 105.624 3.9108 11.7978 0

G020.768-00.209 18:29:44.4 -10:54:18.6 20.768 -0.209 2.3 0.243(0.042) 1 0.718(0.043) 1.942(0.205) 2.255 52.946 1 0.284(0.046) 0.965(0.094) 1.782 101.047 3.6964 12.0121 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G020.772+00.498 18:27:11.7 -10:34:25.2 20.772 +0.498 5.7 0.218(0.051) 1 1.208(0.037) 1.810(0.198) 1.626 30.739 1 0.441(0.052) 0.580(0.077) 1.086 78.721 2.5469 13.1617 8

G020.780-00.047 18:29:10.5 -10:49:12.2 20.780 -0.047 6.0 0.738(0.045) 1 0.679(0.054) 2.613(0.115) 4.322 59.500 1 0.587(0.053) 1.925(0.110) 3.478 106.958 3.9820 11.7252 0

G020.788+00.114 18:28:36.5 -10:44:17.4 20.788 +0.114 24.6 0.150(0.034) 0 · · · (0.044) · · · (0.114) · · · · · · 0 · · · (0.057) · · · (0.143) · · · · · · · · · · · · 0

G020.791-00.114 18:29:26.3 -10:50:26.2 20.791 -0.114 9.0 0.173(0.037) 0 · · · (0.046) · · · (0.120) · · · · · · 0 · · · (0.044) · · · (0.111) · · · · · · · · · · · · 0

G020.858+00.180 18:28:30.2 -10:38:43.4 20.858 +0.180 8.2 0.264(0.039) 1 0.395(0.046) 1.134(0.218) 2.424 57.826 0 · · · (0.042) · · · (0.107) · · · · · · 3.9057 11.7934 0

G020.894-00.177 18:29:51.7 -10:46:46.2 20.894 -0.177 0.9 0.558(0.035) 5 0.750(0.048) 2.574(0.101) 3.944 57.661 1 0.446(0.051) 2.019(0.129) 5.141 105.296 3.8966 11.7988 0

G020.914-00.147 18:29:47.5 -10:44:49.7 20.914 -0.147 8.8 0.139(0.039) 0 · · · (0.046) · · · (0.120) · · · · · · 0 · · · (0.043) · · · (0.110) · · · · · · · · · · · · 0

G020.964-00.073 18:29:37.1 -10:40:08.4 20.964 -0.073 7.2 0.326(0.036) 5 0.552(0.042) 1.935(0.088) 3.697 30.888 1 0.253(0.050) 1.089(0.127) 3.520 77.070 2.5448 13.1432 0

G020.982+00.096 18:29:02.5 -10:34:26.8 20.982 +0.096 6.2 0.885(0.047) 1 0.722(0.042) 3.380(0.110) 4.826 18.976 1 0.480(0.046) 2.517(0.136) 6.912 66.213 1.7690 13.9170 0

G021.006-00.057 18:29:38.4 -10:37:27.9 21.006 -0.057 0.2 0.243(0.038) 1 0.483(0.042) 1.623(0.088) 3.089 31.274 1 0.116(0.045) 0.437(0.093) 2.391 78.328 2.5652 13.1183 0

G021.238+00.195 18:29:10.2 -10:18:07.0 21.238 +0.195 7.0 0.552(0.042) 1 1.972(0.037) 5.566(0.078) 3.224 25.342 1 1.229(0.053) 3.534(0.111) 2.686 73.159 2.1871 13.4720 8

G021.242-00.158 18:30:26.8 -10:27:43.0 21.242 -0.158 21.7 0.330(0.037) 1 0.389(0.041) 1.128(0.088) 2.662 90.818 0 · · · (0.048) · · · (0.122) · · · · · · 5.1346 10.5240 0

G021.260+00.104 18:29:32.1 -10:19:27.4 21.260 +0.104 7.5 0.155(0.037) 0 · · · (0.035) · · · (0.090) · · · · · · 0 · · · (0.041) · · · (0.103) · · · · · · · · · · · · 0

G021.356-00.175 18:30:43.5 -10:22:07.7 21.356 -0.175 0.6 0.456(0.036) 1 1.044(0.044) 1.824(0.067) 1.757 91.150 1 0.575(0.042) 1.495(0.088) 2.099 138.647 5.1418 10.5047 0

G021.386-00.253 18:31:03.7 -10:22:42.8 21.386 -0.253 0.9 1.108(0.042) 1 1.939(0.042) 9.045(0.110) 4.900 91.500 1 1.819(0.048) 7.607(0.122) 4.637 138.640 5.1528 10.4906 0

G021.424-00.541 18:32:10.4 -10:28:42.1 21.424 -0.541 1.4 1.195(0.074) 1 1.835(0.039) 5.802(0.083) 3.126 55.240 1 0.758(0.051) 2.475(0.106) 2.884 102.550 3.7594 11.8805 0

G021.512+00.226 18:29:34.3 -10:02:41.9 21.512 +0.226 0.6 0.226(0.048) 0 · · · (0.062) · · · (0.161) · · · · · · 0 · · · (0.044) · · · (0.112) · · · · · · · · · · · · 0

G021.537+00.028 18:30:20.0 -10:06:50.8 21.537 +0.028 6.3 0.159(0.057) 0 · · · (0.067) · · · (0.173) · · · · · · 0 · · · (0.081) · · · (0.205) · · · · · · · · · · · · 0

G021.834-00.297 18:32:03.7 -10:00:06.4 21.834 -0.297 15.8 0.118(0.046) 0 · · · (0.062) · · · (0.162) · · · · · · 0 · · · (0.073) · · · (0.185) · · · · · · · · · · · · 0

G021.905-00.340 18:32:21.1 -09:57:28.7 21.905 -0.340 9.8 0.156(0.047) 1 0.481(0.066) 1.558(0.140) 3.347 82.377 0 · · · (0.068) · · · (0.171) · · · · · · 4.8112 10.7762 8

G021.906+00.227 18:30:18.7 -09:41:42.6 21.906 +0.227 9.6 0.197(0.041) 5 0.481(0.047) 2.252(0.270) 4.661 73.543 1 0.412(0.049) 1.821(0.125) 2.429 121.220 4.4825 11.1047 0

G021.926+00.095 18:30:49.4 -09:44:20.2 21.926 +0.095 7.5 0.179(0.052) 1 0.294(0.058) 1.324(0.173) 7.742 78.849 0 · · · (0.068) · · · (0.172) · · · · · · 4.6809 10.9040 0

G021.980-00.234 18:32:06.5 -09:50:35.7 21.980 -0.234 3.4 0.170(0.050) 0 · · · (0.089) · · · (0.231) · · · · · · 0 · · · (0.078) · · · (0.198) · · · · · · · · · · · · 0

G022.041+00.222 18:30:34.9 -09:34:39.1 22.041 +0.222 5.9 1.322(0.046) 5 1.194(0.052) 5.906(0.136) 6.285 50.955 1 1.331(0.064) 4.502(0.132) 3.915 98.594 3.5294 12.0429 0

G022.132+00.320 18:30:24.1 -09:27:06.9 22.132 +0.320 194.2 0.135(0.049) 0 · · · (0.061) · · · (0.158) · · · · · · 0 · · · (0.060) · · · (0.152) · · · · · · · · · · · · 0

G022.335-00.153 18:32:29.1 -09:29:25.6 22.335 -0.153 5.9 0.309(0.051) 1 0.599(0.059) 2.180(0.125) 3.573 30.169 1 0.273(0.076) 0.776(0.158) 2.217 78.134 2.4287 13.1109 0

G022.336+00.211 18:31:10.6 -09:19:18.5 22.336 +0.211 474.3 0.140(0.051) 1 0.412(0.069) 0.699(0.104) 1.336 15.997 1 0.153(0.070) 0.524(0.145) 0.756 63.798 1.4999 14.0398 0

G022.354+00.068 18:31:43.4 -09:22:19.2 22.354 +0.068 3.1 1.015(0.051) 1 1.505(0.064) 5.131(0.136) 3.487 84.189 1 1.160(0.075) 3.928(0.155) 3.917 131.620 4.8593 10.6782 0

G022.371-00.027 18:32:05.9 -09:24:01.5 22.371 -0.027 6.4 0.120(0.039) 0 · · · (0.058) · · · (0.150) · · · · · · 0 · · · (0.061) · · · (0.154) · · · · · · · · · · · · 0

G022.371+00.380 18:30:38.0 -09:12:41.8 22.371 +0.380 5.2 0.603(0.058) 1 0.783(0.060) 2.263(0.127) 3.007 83.832 1 0.390(0.079) 0.579(0.116) 1.082 131.370 4.8458 10.6901 8
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G022.378+00.446 18:30:24.5 -09:10:32.0 22.378 +0.446 7.0 0.728(0.056) 5 1.612(0.075) 4.402(0.158) 4.117 52.208 1 0.981(0.077) 3.017(0.160) 3.422 99.740 3.5689 11.9665 8

G022.416+00.317 18:30:56.8 -09:12:06.3 22.416 +0.317 7.9 0.873(0.035) 5 0.688(0.069) 2.417(0.146) 3.028 84.040 1 0.516(0.067) 1.247(0.139) 1.776 131.560 4.8517 10.6791 8

G022.435-00.169 18:32:43.8 -09:24:32.5 22.435 -0.169 5.5 0.667(0.047) 4 1.184(0.055) 5.700(0.143) 6.766 28.327 1 0.594(0.070) 2.136(0.144) 4.148 76.236 2.3137 13.2148 0

G022.450-00.017 18:32:12.6 -09:19:33.2 22.450 -0.017 6.7 0.155(0.040) 0 · · · (0.069) · · · (0.180) · · · · · · 0 · · · (0.067) · · · (0.170) · · · · · · · · · · · · 0

G022.477-00.394 18:33:37.0 -09:28:31.2 22.477 -0.394 9.9 0.204(0.042) 1 0.427(0.072) 1.277(0.152) 2.493 39.330 0 · · · (0.072) · · · (0.182) · · · · · · 2.9323 12.5918 0

G022.546-00.023 18:32:24.7 -09:14:37.5 22.546 -0.023 8.7 0.479(0.049) 1 0.684(0.063) 2.128(0.133) 2.956 95.408 1 0.509(0.067) 1.604(0.139) 3.422 143.026 5.2539 10.2622 0

G022.560+00.170 18:31:44.5 -09:08:30.5 22.560 +0.170 4.0 0.411(0.051) 5 0.668(0.051) 2.997(0.131) 5.655 15.131 1 0.215(0.064) 0.670(0.132) 2.346 62.739 1.4289 14.0856 0

G022.585-00.042 18:32:33.1 -09:13:00.7 22.585 -0.042 7.7 0.259(0.044) 1 0.297(0.067) 0.566(0.101) 1.692 107.730 0 · · · (0.057) · · · (0.144) · · · · · · 5.6859 9.8256 0

G022.637+00.113 18:32:05.6 -09:05:59.3 22.637 +0.113 58.8 0.137(0.052) 1 0.164(0.055) 0.461(0.116) 3.139 79.036 0 · · · (0.063) · · · (0.161) · · · · · · 4.6586 10.8471 8

G022.704+00.403 18:31:10.6 -08:54:23.4 22.704 +0.403 5.9 0.427(0.041) 1 0.330(0.061) 2.041(0.183) 7.148 116.951 1 0.311(0.064) 0.952(0.132) 1.878 163.564 6.0186 9.4799 0

G022.725-00.274 18:33:38.8 -09:12:01.1 22.725 -0.274 4.8 0.565(0.057) 5 0.991(0.069) 2.712(0.147) 2.444 73.098 1 0.549(0.076) 1.436(0.157) 3.325 120.307 4.4288 11.0672 8

G022.726-00.008 18:32:41.5 -09:04:37.4 22.726 -0.008 3.4 0.384(0.039) 1 0.740(0.054) 2.344(0.115) 2.806 36.879 1 0.367(0.058) 1.196(0.120) 4.141 84.135 2.7883 12.7074 0

G022.738-00.243 18:33:33.7 -09:10:29.5 22.738 -0.243 8.6 0.482(0.051) 1 1.021(0.060) 3.200(0.128) 3.589 104.655 1 0.956(0.074) 3.098(0.153) 3.828 152.042 5.5765 9.9180 0

G022.745-00.263 18:33:38.8 -09:10:38.4 22.745 -0.263 7.6 0.445(0.044) 1 0.347(0.069) 0.742(0.104) 2.056 104.217 1 0.167(0.062) 0.298(0.091) 0.620 151.146 5.5610 9.9326 0

G022.748-00.071 18:32:57.7 -09:05:12.8 22.748 -0.071 2.8 0.225(0.047) 5 0.301(0.056) 1.063(0.118) 4.540 71.112 0 · · · (0.068) · · · (0.172) · · · · · · 4.3500 11.1433 0

G022.835-00.439 18:34:26.9 -09:10:43.6 22.835 -0.439 3.9 0.581(0.049) 2 · · · (0.062) · · · (0.334) · · · · · · 1 0.640(0.066) 2.257(0.136) 3.293 109.016 · · · · · · 0

G022.865+00.418 18:31:25.4 -08:45:22.4 22.865 +0.418 8.4 0.449(0.052) 5 0.532(0.069) 2.178(0.180) 4.921 115.699 1 0.301(0.055) 1.028(0.114) 2.444 163.059 5.9749 9.5054 0

G022.873-00.410 18:34:24.8 -09:07:52.4 22.873 -0.410 13.4 0.201(0.065) 5 0.579(0.055) 2.002(0.117) 3.784 75.434 1 0.288(0.062) 1.331(0.158) 5.728 122.496 4.5131 10.9663 8

G022.929-00.173 18:33:40.1 -08:58:21.8 22.929 -0.173 6.7 0.186(0.049) 1 0.329(0.063) 0.529(0.094) 1.472 65.452 0 · · · (0.063) · · · (0.161) · · · · · · 4.1144 11.3582 8

G022.938-00.252 18:33:58.0 -09:00:04.8 22.938 -0.252 101.1 0.163(0.068) 1 0.221(0.059) 0.650(0.126) 2.917 62.558 0 · · · (0.061) · · · (0.154) · · · · · · 3.9940 11.4778 8

G022.947-00.338 18:34:17.6 -09:01:57.9 22.947 -0.338 6.3 0.426(0.055) 2 · · · (0.075) · · · (0.353) · · · · · · 0 · · · (0.075) · · · (0.189) · · · · · · · · · · · · 0

G022.953+00.038 18:32:57.2 -08:51:13.1 22.953 +0.038 2.3 0.335(0.051) 5 0.827(0.055) 1.986(0.117) 2.207 79.187 1 0.472(0.069) 0.823(0.102) 1.334 126.817 4.6525 10.8173 0

G022.976-00.375 18:34:28.8 -09:01:28.7 22.976 -0.375 9.2 0.478(0.052) 1 0.941(0.053) 4.168(0.136) 5.018 73.616 1 0.468(0.078) 2.328(0.199) 6.388 121.691 4.4386 11.0290 0

G023.011-00.410 18:34:40.2 -09:00:31.5 23.011 -0.410 3.7 2.821(0.066) 5 2.356(0.045) 13.439(0.133) 8.109 77.557 1 3.484(0.058) 15.277(0.148) 5.809 124.497 4.5890 10.8746 9

G023.025-00.103 18:33:35.7 -08:51:18.6 23.025 -0.103 19.7 0.222(0.059) 1 0.254(0.039) 0.417(0.059) 1.543 103.908 0 · · · (0.043) · · · (0.108) · · · · · · 5.5477 9.9139 0

G023.080+00.163 18:32:44.5 -08:41:03.1 23.080 +0.163 3.1 0.248(0.052) 1 0.445(0.044) 0.666(0.066) 1.920 103.505 1 0.216(0.048) 0.813(0.122) 4.375 151.718 5.5328 9.9226 0

G023.087-00.154 18:33:53.5 -08:49:24.9 23.087 -0.154 19.5 0.341(0.064) 0 · · · (0.044) · · · (0.114) · · · · · · 0 · · · (0.048) · · · (0.122) · · · · · · · · · · · · 0

G023.090-00.423 18:34:51.9 -08:56:43.3 23.090 -0.423 22.7 0.190(0.058) 1 0.361(0.049) 1.815(0.126) 6.027 76.397 0 · · · (0.047) · · · (0.120) · · · · · · 4.5417 10.9129 0

G023.138-00.424 18:34:57.4 -08:54:10.1 23.138 -0.424 2.6 0.338(0.054) 1 0.502(0.050) 1.462(0.106) 2.476 78.359 1 0.268(0.046) 0.569(0.096) 3.848 125.647 4.6149 10.8342 0

G023.143+00.121 18:33:00.7 -08:38:50.4 23.143 +0.121 13.4 0.146(0.048) 0 · · · (0.044) · · · (0.114) · · · · · · 0 · · · (0.047) · · · (0.120) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G023.157-00.222 18:34:16.0 -08:47:33.8 23.157 -0.222 11.0 0.149(0.049) 0 · · · (0.046) · · · (0.120) · · · · · · 0 · · · (0.048) · · · (0.121) · · · · · · · · · · · · 0

G023.201+00.001 18:33:33.1 -08:39:04.3 23.201 +0.001 2.8 1.333(0.046) 1 1.627(0.044) 5.942(0.092) 4.458 76.683 1 1.683(0.048) 7.172(0.122) 4.503 124.029 4.5482 10.8932 8

G023.208-00.378 18:34:55.3 -08:49:11.2 23.208 -0.378 2.1 2.836(0.049) 5 1.787(0.061) 13.030(0.243) 15.809 79.174 5 2.191(0.055) 13.818(0.162) 4.040 124.659 4.6433 10.7976 8

G023.241-00.482 18:35:21.4 -08:50:16.5 23.241 -0.482 4.2 0.259(0.046) 1 1.043(0.044) 3.062(0.093) 3.462 61.754 1 0.535(0.048) 1.399(0.098) 3.287 108.857 3.9463 11.4909 8

G023.243+00.008 18:33:36.1 -08:36:38.3 23.243 +0.008 2.7 0.271(0.057) 1 0.305(0.052) 0.584(0.077) 0.431 77.392 0 · · · (0.044) · · · (0.111) · · · · · · 4.5738 10.8627 8

G023.267+00.078 18:33:23.8 -08:33:24.4 23.267 +0.078 1.0 1.200(0.062) 1 1.736(0.042) 6.524(0.088) 4.276 78.191 1 1.868(0.045) 5.587(0.093) 4.182 125.635 4.6035 10.8302 8

G023.272-00.258 18:34:36.5 -08:42:28.0 23.272 -0.258 3.2 1.622(0.061) 2 · · · (0.056) · · · (0.295) · · · · · · 2 · · · (0.055) · · · (0.114) · · · · · · · · · · · · 8

G023.273-00.211 18:34:26.8 -08:41:04.9 23.273 -0.211 3.4 0.820(0.053) 1 0.630(0.048) 2.533(0.123) 5.346 79.158 1 0.719(0.050) 1.702(0.104) 3.804 126.061 4.6402 10.7928 5

G023.297+00.055 18:33:32.1 -08:32:26.9 23.297 +0.055 9.2 0.307(0.052) 1 0.368(0.040) 1.274(0.084) 3.265 54.752 1 0.135(0.042) 0.533(0.105) 2.015 101.061 3.6379 11.7923 8

G023.298-00.074 18:33:59.9 -08:35:59.8 23.298 -0.074 7.2 0.446(0.055) 1 0.412(0.044) 1.086(0.093) 3.540 94.855 1 0.462(0.047) 1.440(0.097) 2.325 142.721 5.2189 10.2113 0

G023.321-00.298 18:34:50.8 -08:40:55.3 23.321 -0.298 1.9 1.359(0.049) 2 · · · (0.044) · · · (0.372) · · · · · · 2 · · · (0.060) · · · (0.349) · · · · · · · · · · · · 0

G023.330-00.235 18:34:38.2 -08:38:45.2 23.330 -0.235 3.3 0.444(0.054) 2 · · · (0.045) · · · (0.096) · · · · · · 1 0.380(0.054) 0.917(0.112) 2.489 130.274 · · · · · · 0

G023.340+00.193 18:33:07.1 -08:26:23.2 23.340 +0.193 58.9 0.132(0.059) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.043) · · · (0.110) · · · · · · · · · · · · 0

G023.353-00.139 18:34:20.1 -08:34:50.9 23.353 -0.139 13.8 0.466(0.053) 1 0.567(0.046) 1.315(0.097) 2.804 97.289 1 0.147(0.046) 0.466(0.096) 1.729 143.978 5.3062 10.1176 0

G023.362-00.263 18:34:47.9 -08:37:48.9 23.362 -0.263 10.1 0.698(0.049) 1 0.262(0.057) 1.130(0.147) 5.496 101.939 1 0.292(0.055) 0.486(0.080) 1.419 148.277 5.4747 9.9482 0

G023.363-00.223 18:34:39.4 -08:36:37.3 23.363 -0.223 3.6 0.347(0.048) 2 · · · (0.050) · · · (0.269) · · · · · · 2 · · · (0.044) · · · (0.223) · · · · · · · · · · · · 0

G023.367-00.289 18:34:54.1 -08:38:14.9 23.367 -0.289 3.5 1.117(0.042) 1 0.982(0.051) 4.125(0.133) 4.732 78.004 1 0.719(0.051) 3.279(0.130) 5.143 125.569 4.5931 10.8292 8

G023.378-00.128 18:34:20.4 -08:33:14.0 23.378 -0.128 2.1 0.591(0.059) 2 · · · (0.042) · · · (0.351) · · · · · · 2 · · · (0.051) · · · (0.182) · · · · · · · · · · · · 0

G023.390+00.185 18:33:14.6 -08:23:55.6 23.390 +0.185 5.7 0.979(0.054) 1 2.097(0.051) 7.745(0.108) 4.098 75.809 1 0.986(0.045) 3.203(0.093) 3.243 123.197 4.5076 10.9119 0

G023.393+00.455 18:32:16.7 -08:16:15.0 23.393 +0.455 8.9 0.826(0.052) 1 0.491(0.046) 1.800(0.120) 5.273 107.580 1 0.372(0.056) 1.039(0.115) 3.269 154.785 5.6804 9.7392 0

G023.396-00.130 18:34:22.8 -08:32:19.6 23.396 -0.130 9.8 0.567(0.066) 1 1.564(0.047) 4.698(0.100) 3.084 99.128 1 1.123(0.052) 3.370(0.108) 3.231 146.349 5.3723 10.0465 0

G023.411-00.227 18:34:45.7 -08:34:11.0 23.411 -0.227 8.6 1.979(0.048) 1 2.253(0.062) 6.719(0.132) 2.797 104.013 1 1.317(0.053) 4.049(0.110) 3.640 151.234 5.5498 9.8673 0

G023.438-00.183 18:34:39.2 -08:31:32.6 23.438 -0.183 3.1 3.154(0.050) 2 · · · (0.052) · · · (0.134) · · · · · · 1 2.406(0.057) 15.532(0.166) 5.336 149.003 · · · · · · 9

G023.446+00.122 18:33:34.1 -08:22:41.3 23.446 +0.122 7.6 0.209(0.039) 0 · · · (0.045) · · · (0.116) · · · · · · 0 · · · (0.045) · · · (0.114) · · · · · · · · · · · · 0

G023.454-00.374 18:35:21.9 -08:35:58.4 23.454 -0.374 145.2 0.128(0.066) 1 0.304(0.040) 0.902(0.086) 2.460 -12.159 0 · · · (0.046) · · · (0.117) · · · · · · 1.1184 16.5308 0

G023.454-00.230 18:34:50.9 -08:31:59.5 23.454 -0.230 11.5 0.458(0.052) 1 0.549(0.042) 2.051(0.109) 4.631 103.368 1 0.361(0.053) 1.114(0.111) 3.087 151.171 5.5261 9.8860 0

G023.456+00.064 18:33:47.8 -08:23:46.4 23.456 +0.064 1.5 1.069(0.055) 5 1.380(0.041) 5.190(0.087) 3.971 84.142 1 1.680(0.047) 5.839(0.097) 4.225 131.728 4.8220 10.5898 0

G023.462-00.155 18:34:35.8 -08:29:31.4 23.462 -0.155 2.4 0.524(0.048) 1 0.401(0.069) 1.117(0.145) 2.435 99.859 1 0.226(0.041) 0.656(0.086) 3.342 147.533 5.3982 10.0129 0

G023.465-00.180 18:34:41.5 -08:30:00.1 23.465 -0.180 7.8 0.700(0.045) 1 1.090(0.040) 3.276(0.085) 2.836 98.661 1 0.971(0.052) 2.919(0.109) 2.682 145.929 5.3546 10.0561 0

G023.485+00.097 18:33:44.1 -08:21:17.2 23.485 +0.097 7.0 1.208(0.045) 4 1.378(0.046) 6.294(0.120) 6.452 83.402 1 1.619(0.049) 8.432(0.125) 5.259 131.847 4.7935 10.6149 8
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G023.505+00.367 18:32:48.3 -08:12:44.8 23.505 +0.367 12.5 0.155(0.040) 0 · · · (0.056) · · · (0.145) · · · · · · 0 · · · (0.047) · · · (0.118) · · · · · · · · · · · · 0

G023.545+00.147 18:33:40.1 -08:16:42.4 23.545 +0.147 7.2 0.181(0.043) 0 · · · (0.046) · · · (0.120) · · · · · · 0 · · · (0.049) · · · (0.123) · · · · · · · · · · · · 0

G023.570+00.014 18:34:11.3 -08:19:04.1 23.570 +0.014 7.0 1.238(0.064) 5 2.353(0.028) 10.586(0.176) 6.338 107.145 5 2.091(0.032) 9.426(0.080) 3.948 154.622 5.6649 9.7335 8

G023.603-00.013 18:34:21.0 -08:18:03.3 23.603 -0.013 3.3 0.798(0.057) 2 · · · (0.051) · · · (0.471) · · · · · · 1 1.409(0.047) 6.581(0.118) 4.641 101.039 · · · · · · 8

G023.707-00.198 18:35:12.2 -08:17:37.1 23.707 -0.198 4.0 0.948(0.044) 1 1.513(0.048) 4.666(0.253) 4.465 68.744 1 1.432(0.044) 6.333(0.111) 5.148 116.311 4.2159 11.1665 0

G023.711+00.171 18:33:53.5 -08:07:13.2 23.711 +0.171 2.6 1.554(0.054) 5 3.600(0.039) 14.258(0.225) 4.544 113.164 1 2.511(0.048) 8.799(0.098) 4.143 160.224 5.8939 9.4880 0

G023.724+00.261 18:33:35.5 -08:04:04.3 23.724 +0.261 26.4 0.205(0.053) 0 · · · (0.051) · · · (0.240) · · · · · · 0 · · · (0.047) · · · (0.119) · · · · · · · · · · · · 1

G023.744-00.015 18:34:37.1 -08:10:37.5 23.744 -0.015 11.4 0.313(0.046) 1 0.302(0.043) 0.775(0.227) 2.427 8.154 0 · · · (0.049) · · · (0.123) · · · · · · 0.8634 14.5146 0

G023.799+00.000 18:34:40.0 -08:07:14.4 23.799 +0.000 8.0 0.194(0.042) 0 · · · (0.044) · · · (0.254) · · · · · · 1 0.180(0.049) 0.361(0.072) 1.919 102.975 · · · · · · 1

G023.870-00.122 18:35:14.1 -08:06:50.1 23.870 -0.122 8.7 1.369(0.045) 1 1.544(0.047) 7.146(0.295) 5.046 75.623 1 0.969(0.049) 4.685(0.124) 4.887 122.775 4.4838 10.8792 3

G023.877-00.357 18:36:05.6 -08:12:56.3 23.877 -0.357 3.8 0.363(0.045) 1 0.720(0.041) 1.532(0.169) 1.679 56.076 1 0.273(0.048) 0.743(0.099) 2.073 103.284 3.6710 11.6914 0

G023.900+00.064 18:34:37.5 -08:00:08.1 23.900 +0.064 7.2 0.854(0.052) 1 2.332(0.045) 8.035(0.261) 4.003 39.030 1 1.625(0.045) 5.243(0.093) 3.575 86.542 2.8467 12.5128 3

G023.930-00.283 18:35:55.6 -08:08:07.1 23.930 -0.283 9.0 0.313(0.037) 0 · · · (0.059) · · · (0.312) · · · · · · 0 · · · (0.048) · · · (0.121) · · · · · · · · · · · · 0

G023.939-00.263 18:35:52.3 -08:07:03.0 23.939 -0.263 10.2 0.226(0.038) 0 · · · (0.061) · · · (0.356) · · · · · · 0 · · · (0.050) · · · (0.128) · · · · · · · · · · · · 0

G023.954+00.152 18:34:24.6 -07:54:48.0 23.954 +0.152 9.1 2.035(0.055) 1 3.260(0.045) 9.925(0.259) 4.504 80.044 1 0.803(0.040) 2.657(0.082) 3.430 127.705 4.6525 10.7006 3

G023.955+00.487 18:33:12.8 -07:45:29.1 23.955 +0.487 9.6 0.264(0.041) 0 · · · (0.044) · · · (0.256) · · · · · · 0 · · · (0.050) · · · (0.127) · · · · · · · · · · · · 0

G023.967-00.110 18:35:22.3 -08:01:20.6 23.967 -0.110 3.4 1.514(0.049) 5 1.238(0.054) 9.987(0.386) 11.726 71.821 1 2.118(0.038) 12.970(0.111) 5.629 119.987 4.3302 11.0214 0

G023.995-00.098 18:35:23.0 -07:59:31.2 23.995 -0.098 6.9 1.007(0.053) 1 0.767(0.058) 3.393(0.361) 6.306 69.839 1 0.958(0.044) 4.368(0.111) 3.001 117.761 4.2494 11.0988 0

G023.996+00.152 18:34:29.2 -07:52:33.5 23.996 +0.152 8.6 0.622(0.067) 1 0.590(0.048) 2.685(0.276) 4.590 82.022 1 0.538(0.045) 1.528(0.094) 2.034 129.701 4.7271 10.6210 8

G024.009+00.489 18:33:18.4 -07:42:32.1 24.009 +0.489 7.6 0.427(0.062) 5 0.552(0.059) 2.253(0.152) 5.511 94.112 1 0.384(0.060) 1.603(0.153) 3.546 141.769 5.1810 10.1660 8

G024.017+00.050 18:34:53.6 -07:54:14.2 24.017 +0.050 7.5 0.699(0.052) 1 1.625(0.051) 5.612(0.108) 4.325 111.336 1 1.160(0.040) 3.855(0.084) 3.872 159.272 5.8291 9.5164 0

G024.026+00.199 18:34:22.6 -07:49:41.0 24.026 +0.199 6.3 0.673(0.058) 1 1.474(0.066) 4.611(0.139) 2.789 105.374 1 0.899(0.056) 3.023(0.115) 2.769 153.089 5.6011 9.7435 0

G024.027+00.241 18:34:13.7 -07:48:26.7 24.027 +0.241 6.9 0.453(0.044) 1 0.206(0.060) 0.402(0.089) 1.702 96.203 0 · · · (0.054) · · · (0.137) · · · · · · 5.2584 10.0860 8

G024.041+00.105 18:34:44.6 -07:51:27.8 24.041 +0.105 7.9 0.338(0.059) 0 · · · (0.047) · · · (0.123) · · · · · · 0 · · · (0.048) · · · (0.121) · · · · · · · · · · · · 0

G024.048+00.202 18:34:24.2 -07:48:25.1 24.048 +0.202 16.0 0.488(0.045) 5 0.494(0.059) 1.432(0.125) 2.974 113.986 1 0.407(0.044) 0.652(0.065) 1.304 161.513 5.9341 9.4079 0

G024.052-00.215 18:35:54.6 -07:59:44.4 24.052 -0.215 6.7 0.322(0.044) 1 1.052(0.045) 2.768(0.094) 2.468 81.131 1 0.369(0.046) 1.076(0.096) 1.630 128.992 4.6916 10.6498 8

G024.068+00.234 18:34:19.7 -07:46:28.8 24.068 +0.234 6.3 0.201(0.041) 0 · · · (0.039) · · · (0.102) · · · · · · 0 · · · (0.057) · · · (0.145) · · · · · · · · · · · · 0

G024.072-00.002 18:35:10.7 -07:52:47.2 24.072 -0.002 6.8 0.178(0.048) 0 · · · (0.051) · · · (0.133) · · · · · · 0 · · · (0.046) · · · (0.117) · · · · · · · · · · · · 0

G024.096+00.270 18:34:15.0 -07:43:59.7 24.096 +0.270 20.3 0.118(0.038) 0 · · · (0.051) · · · (0.133) · · · · · · 0 · · · (0.054) · · · (0.138) · · · · · · · · · · · · 0

G024.104-00.001 18:35:14.3 -07:51:03.3 24.104 -0.001 9.4 0.264(0.052) 0 · · · (0.043) · · · (0.111) · · · · · · 0 · · · (0.057) · · · (0.144) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G024.115-00.174 18:35:52.7 -07:55:12.5 24.115 -0.174 1.3 0.725(0.046) 1 1.950(0.052) 6.659(0.109) 4.148 81.179 1 1.683(0.045) 5.081(0.093) 3.539 128.287 4.6918 10.6421 0

G024.157+00.167 18:34:44.2 -07:43:34.1 24.157 +0.167 8.4 0.339(0.057) 1 0.449(0.041) 1.281(0.087) 3.660 107.343 1 0.241(0.055) 0.814(0.141) 5.569 155.320 5.6771 9.6517 0

G024.157-00.072 18:35:35.4 -07:50:08.4 24.157 -0.072 6.8 0.186(0.046) 1 0.223(0.059) 0.347(0.089) 1.482 54.389 0 · · · (0.059) · · · (0.148) · · · · · · 3.5828 11.7459 8

G024.158+00.394 18:33:55.3 -07:37:14.4 24.158 +0.394 2.1 0.545(0.058) 1 0.667(0.065) 3.277(0.169) 4.979 93.572 1 0.437(0.057) 1.202(0.117) 3.573 140.850 5.1590 10.1701 8

G024.174+00.159 18:34:47.7 -07:42:55.7 24.174 +0.159 9.1 0.192(0.056) 0 · · · (0.046) · · · (0.120) · · · · · · 0 · · · (0.053) · · · (0.134) · · · · · · · · · · · · 0

G024.185+00.120 18:34:57.2 -07:43:22.7 24.185 +0.120 2.2 0.708(0.064) 1 1.692(0.069) 5.206(0.145) 3.046 113.913 1 1.764(0.049) 5.884(0.102) 4.133 161.096 5.9350 9.3905 0

G024.275+00.448 18:33:56.8 -07:29:30.2 24.275 +0.448 14.9 0.230(0.045) 1 0.196(0.050) 0.641(0.105) 2.974 96.905 0 · · · (0.049) · · · (0.125) · · · · · · 5.2828 10.0322 0

G024.281-00.420 18:37:04.1 -07:53:08.8 24.281 -0.420 346.2 0.134(0.045) 0 · · · (0.056) · · · (0.146) · · · · · · 0 · · · (0.064) · · · (0.163) · · · · · · · · · · · · 0

G024.299-00.152 18:36:08.5 -07:44:47.2 24.299 -0.152 6.9 0.542(0.050) 1 1.039(0.046) 4.734(0.119) 4.586 101.337 1 0.710(0.046) 2.812(0.118) 4.522 148.694 5.4497 9.8620 0

G024.318+00.086 18:35:19.4 -07:37:15.7 24.318 +0.086 7.0 0.630(0.055) 1 0.413(0.043) 2.070(0.111) 6.234 114.143 1 0.306(0.049) 0.959(0.102) 4.023 161.998 5.9483 9.3612 8

G024.321-00.122 18:36:04.5 -07:42:48.8 24.321 -0.122 8.9 0.353(0.059) 1 0.521(0.043) 0.716(0.064) 1.201 53.304 1 0.256(0.047) 0.501(0.096) 4.608 99.845 3.5265 11.7826 8

G024.330+00.144 18:35:08.1 -07:35:00.5 24.330 +0.144 8.5 2.533(0.060) 5 1.491(0.046) 8.580(0.137) 7.937 113.184 1 3.104(0.043) 14.532(0.108) 4.254 161.616 5.9098 9.3982 8

G024.349+00.062 18:35:28.0 -07:36:14.2 24.349 +0.062 8.7 0.537(0.056) 5 0.798(0.049) 3.955(0.128) 5.802 117.249 1 0.696(0.053) 2.707(0.109) 2.012 164.875 6.0781 9.2276 0

G024.352+00.279 18:34:41.8 -07:30:08.2 24.352 +0.279 10.0 0.480(0.048) 0 · · · (0.073) · · · (0.190) · · · · · · 0 · · · (0.046) · · · (0.116) · · · · · · · · · · · · 1

G024.353+00.037 18:35:33.9 -07:36:43.1 24.353 +0.037 9.5 0.825(0.047) 5 0.698(0.068) 2.911(0.176) 6.779 117.002 1 0.629(0.054) 2.058(0.112) 3.387 164.663 6.0679 9.2373 0

G024.366+00.099 18:35:22.0 -07:34:20.8 24.366 +0.099 13.9 0.194(0.047) 0 · · · (0.051) · · · (0.132) · · · · · · 0 · · · (0.054) · · · (0.137) · · · · · · · · · · · · 0

G024.372+00.481 18:34:00.5 -07:23:28.0 24.372 +0.481 7.1 0.251(0.051) 5 0.325(0.060) 1.187(0.128) 3.574 101.201 1 0.230(0.053) 0.412(0.078) 1.428 149.121 5.4447 9.8588 0

G024.401-00.189 18:36:27.8 -07:40:23.5 24.401 -0.189 3.2 0.581(0.053) 5 0.909(0.041) 3.001(0.087) 3.553 58.567 1 0.988(0.055) 3.080(0.113) 3.605 105.977 3.7591 11.5403 0

G024.407+00.352 18:34:32.1 -07:25:07.7 24.407 +0.352 1.1 0.191(0.052) 0 · · · (0.053) · · · (0.138) · · · · · · 0 · · · (0.064) · · · (0.163) · · · · · · · · · · · · 0

G024.411+00.074 18:35:32.4 -07:32:35.6 24.411 +0.074 1.1 0.555(0.056) 1 1.755(0.045) 5.462(0.096) 3.442 111.624 1 1.356(0.048) 4.348(0.099) 4.096 159.491 5.8493 9.4488 0

G024.412-00.257 18:36:43.7 -07:41:43.4 24.412 -0.257 119.5 0.110(0.063) 1 0.370(0.053) 0.823(0.113) 2.352 96.816 0 · · · (0.072) · · · (0.183) · · · · · · 5.2787 10.0195 0

G024.416+00.103 18:35:26.7 -07:31:33.3 24.416 +0.103 2.6 1.239(0.058) 5 0.784(0.051) 4.507(0.152) 7.209 112.890 1 0.935(0.054) 4.449(0.138) 4.526 160.861 5.9004 9.3971 8

G024.427-00.001 18:35:50.4 -07:33:49.4 24.427 -0.001 124.6 0.159(0.055) 0 · · · (0.049) · · · (0.127) · · · · · · 0 · · · (0.057) · · · (0.145) · · · · · · · · · · · · 0

G024.438+00.254 18:34:56.6 -07:26:13.3 24.438 +0.254 9.5 0.818(0.057) 1 1.444(0.051) 6.466(0.132) 4.986 115.319 1 1.241(0.043) 5.990(0.109) 4.291 162.581 6.0008 9.2943 0

G024.440+00.231 18:35:01.9 -07:26:45.1 24.440 +0.231 8.7 0.792(0.057) 1 0.526(0.063) 2.503(0.190) 7.248 116.746 1 0.397(0.053) 1.031(0.109) 2.824 164.011 6.0607 9.2340 0

G024.443-00.228 18:36:40.9 -07:39:13.9 24.443 -0.228 2.0 1.889(0.055) 5 2.129(0.046) 10.613(0.119) 6.272 58.287 5 2.429(0.050) 13.057(0.127) 3.835 105.407 3.7452 11.5492 0

G024.462+00.197 18:35:11.6 -07:26:31.9 24.462 +0.197 1.8 1.052(0.054) 1 1.654(0.049) 6.147(0.103) 4.545 118.874 1 1.501(0.052) 6.873(0.133) 5.135 166.324 6.1532 9.1389 0

G024.473+00.492 18:34:09.4 -07:17:44.0 24.473 +0.492 7.8 2.050(0.088) 1 2.407(0.048) 7.967(0.101) 4.526 101.472 1 1.218(0.051) 4.225(0.106) 4.402 148.506 5.4552 9.8359 3

G024.480+00.002 18:35:55.4 -07:30:56.6 24.480 +0.002 16.2 0.162(0.043) 0 · · · (0.057) · · · (0.147) · · · · · · 0 · · · (0.074) · · · (0.187) · · · · · · · · · · · · 0

G024.483+00.319 18:34:47.7 -07:22:00.5 24.483 +0.319 13.5 0.207(0.060) 0 · · · (0.074) · · · (0.192) · · · · · · 0 · · · (0.049) · · · (0.125) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G024.494-00.038 18:36:05.6 -07:31:18.5 24.494 -0.038 6.4 3.256(0.060) 1 3.614(0.048) 18.420(0.123) 6.183 109.844 1 2.943(0.048) 13.010(0.122) 5.236 157.432 5.7803 9.5078 4

G024.509-00.219 18:36:46.3 -07:35:27.5 24.509 -0.219 2.7 1.111(0.064) 1 1.106(0.041) 3.404(0.087) 3.459 99.412 1 0.554(0.047) 2.456(0.118) 4.512 146.780 5.3768 9.9095 0

G024.529+00.350 18:34:46.1 -07:18:42.6 24.529 +0.350 2.4 0.681(0.050) 1 0.489(0.034) 1.277(0.071) 3.268 106.536 1 0.420(0.041) 1.232(0.085) 3.563 154.299 5.6508 9.6333 0

G024.530+00.323 18:34:52.1 -07:19:25.2 24.530 +0.323 6.6 0.472(0.052) 1 0.331(0.035) 1.064(0.073) 3.267 107.817 1 0.239(0.041) 0.547(0.086) 2.413 154.811 5.7010 9.5830 0

G024.534-00.182 18:36:41.0 -07:33:08.4 24.534 -0.182 0.4 0.380(0.045) 1 1.141(0.043) 1.959(0.064) 1.854 41.905 1 0.458(0.046) 0.864(0.067) 1.341 88.897 2.9677 12.3156 8

G024.545-00.273 18:37:01.9 -07:35:04.1 24.545 -0.273 23.5 0.448(0.054) 1 1.496(0.034) 3.783(0.072) 2.643 97.437 1 1.025(0.045) 3.310(0.092) 3.244 144.905 5.3017 9.9804 0

G024.546-00.245 18:36:56.0 -07:34:15.7 24.546 -0.245 8.1 0.976(0.067) 1 1.649(0.042) 6.104(0.089) 3.829 99.569 1 1.602(0.047) 7.849(0.120) 4.309 147.045 5.3828 9.8991 0

G024.547-00.132 18:36:31.8 -07:31:01.2 24.547 -0.132 6.7 0.682(0.061) 1 0.728(0.040) 2.553(0.085) 3.625 94.481 1 0.338(0.044) 1.446(0.113) 4.383 142.030 5.1894 10.0922 0

G024.561+00.246 18:35:12.0 -07:19:50.5 24.561 +0.246 6.7 0.188(0.053) 0 · · · (0.035) · · · (0.090) · · · · · · 0 · · · (0.043) · · · (0.109) · · · · · · · · · · · · 0

G024.564+00.340 18:34:52.1 -07:17:08.1 24.564 +0.340 0.4 0.535(0.052) 1 0.290(0.035) 0.802(0.075) 3.003 107.445 1 0.186(0.051) 0.352(0.075) 0.842 155.677 5.6869 9.5929 8

G024.571-00.043 18:36:15.4 -07:27:21.1 24.571 -0.043 111.3 0.128(0.058) 0 · · · (0.040) · · · (0.103) · · · · · · 0 · · · (0.042) · · · (0.106) · · · · · · · · · · · · 0

G024.576-00.074 18:36:22.6 -07:27:54.9 24.576 -0.074 6.0 0.211(0.047) 1 0.473(0.042) 1.141(0.089) 2.340 52.414 1 0.266(0.040) 0.735(0.083) 2.361 100.103 3.4749 11.8032 8

G024.584-00.336 18:37:19.6 -07:34:43.1 24.584 -0.336 16.4 0.168(0.053) 1 0.912(0.034) 1.961(0.051) 1.966 43.715 1 0.228(0.045) 0.656(0.115) 7.947 91.108 3.0571 12.2203 0

G024.626-00.101 18:36:33.9 -07:25:58.6 24.626 -0.101 5.8 0.736(0.059) 1 0.950(0.040) 3.615(0.084) 4.445 113.338 1 0.949(0.050) 4.284(0.127) 4.262 160.748 5.9254 9.3466 0

G024.632+00.172 18:35:35.8 -07:18:07.1 24.632 +0.172 5.2 0.732(0.050) 1 0.991(0.040) 3.211(0.084) 3.513 114.994 1 0.868(0.040) 3.971(0.101) 4.694 162.315 5.9947 9.2766 8

G024.633+00.153 18:35:40.1 -07:18:34.9 24.633 +0.153 4.2 0.845(0.047) 5 1.884(0.041) 7.248(0.105) 6.705 53.882 1 1.007(0.043) 5.002(0.108) 4.921 100.196 3.5399 11.7312 8

G024.636-00.325 18:37:23.2 -07:31:39.4 24.636 -0.325 1.3 0.575(0.052) 1 2.396(0.035) 8.062(0.075) 3.440 42.753 1 1.126(0.057) 3.574(0.119) 2.775 90.120 3.0066 12.2645 0

G024.640+00.106 18:35:50.8 -07:19:31.9 24.640 +0.106 173.1 0.128(0.053) 1 0.207(0.035) 0.289(0.053) 0.984 39.827 0 · · · (0.044) · · · (0.112) · · · · · · 2.8562 12.4141 8

G024.668+00.406 18:34:49.6 -07:09:45.8 24.668 +0.406 5.9 0.206(0.046) 0 · · · (0.037) · · · (0.095) · · · · · · 0 · · · (0.055) · · · (0.140) · · · · · · · · · · · · 0

G024.675-00.151 18:36:50.1 -07:24:44.8 24.675 -0.151 3.1 2.427(0.075) 5 1.986(0.043) 10.676(0.112) 6.355 113.356 1 2.566(0.041) 13.382(0.103) 4.042 160.412 5.9279 9.3381 0

G024.705-00.127 18:36:48.4 -07:22:29.8 24.705 -0.127 11.6 0.573(0.070) 1 0.792(0.038) 2.760(0.079) 3.856 108.562 1 0.597(0.048) 1.845(0.099) 3.892 156.229 5.7339 9.5284 0

G024.728+00.110 18:35:59.8 -07:14:44.9 24.728 +0.110 87.2 0.165(0.063) 0 · · · (0.058) · · · (0.150) · · · · · · 0 · · · (0.042) · · · (0.108) · · · · · · · · · · · · 0

G024.729+00.154 18:35:50.6 -07:13:26.4 24.729 +0.154 6.1 0.665(0.055) 1 1.025(0.042) 3.564(0.088) 3.690 109.644 1 1.029(0.035) 3.528(0.073) 4.175 156.713 5.7777 9.4817 0

G024.746+00.165 18:35:50.2 -07:12:16.3 24.746 +0.165 1.8 0.511(0.061) 1 0.669(0.037) 1.717(0.079) 2.424 107.354 1 0.660(0.037) 1.560(0.076) 2.333 154.785 5.6865 9.5708 8

G024.757+00.091 18:36:07.3 -07:13:42.4 24.757 +0.091 1.6 0.997(0.070) 5 1.145(0.034) 4.099(0.072) 4.010 109.448 1 1.573(0.038) 6.467(0.097) 4.383 156.919 5.7705 9.4854 0

G024.791+00.083 18:36:12.8 -07:12:07.5 24.791 +0.083 1.8 6.914(0.080) 2 · · · (0.038) · · · (0.114) · · · · · · 1 3.354(0.040) 19.718(0.117) 4.940 158.059 · · · · · · 4

G024.794-00.306 18:37:36.6 -07:22:41.4 24.794 -0.306 8.1 0.140(0.044) 0 · · · (0.051) · · · (0.132) · · · · · · 0 · · · (0.050) · · · (0.126) · · · · · · · · · · · · 0

G024.852+00.085 18:36:19.0 -07:08:51.2 24.852 +0.085 8.2 0.528(0.079) 1 1.770(0.042) 6.077(0.088) 3.664 108.962 1 0.932(0.043) 3.922(0.110) 4.355 156.356 5.7532 9.4911 0

G024.921+00.086 18:36:26.4 -07:05:05.3 24.921 +0.086 8.1 1.427(0.054) 5 1.065(0.045) 4.894(0.116) 6.530 43.666 1 0.948(0.041) 5.024(0.103) 3.126 91.923 3.0404 12.1954 0

G024.926-00.158 18:37:19.5 -07:11:33.5 24.926 -0.158 2.5 0.500(0.058) 5 1.467(0.038) 6.901(0.100) 4.751 47.205 1 0.990(0.038) 2.975(0.080) 3.216 94.516 3.2145 12.0207 8
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G024.943+00.075 18:36:31.4 -07:04:14.0 24.943 +0.075 1.7 0.727(0.054) 1 1.348(0.045) 6.099(0.117) 6.331 41.422 1 1.036(0.037) 5.209(0.095) 4.837 88.859 2.9260 12.3070 0

G025.016-00.180 18:37:34.2 -07:07:24.4 25.016 -0.180 5.2 0.221(0.044) 1 0.388(0.035) 0.720(0.052) 2.010 46.389 0 · · · (0.047) · · · (0.118) · · · · · · 3.1713 12.0529 0

G025.093-00.460 18:38:42.9 -07:10:58.0 25.093 -0.460 229.1 0.142(0.054) 1 0.299(0.067) 0.657(0.100) NaN 58.259 1 0.238(0.044) 0.358(0.065) 0.980 105.717 3.7195 11.4954 0

G025.141+00.167 18:36:33.6 -06:51:08.3 25.141 +0.167 9.3 0.146(0.068) 1 0.184(0.038) 0.226(0.057) 0.930 98.312 0 · · · (0.040) · · · (0.101) · · · · · · 5.3355 9.8730 0

G025.155-00.275 18:38:10.1 -07:02:35.3 25.155 -0.275 2.4 1.109(0.050) 5 1.619(0.038) 7.396(0.098) 4.694 64.141 1 1.202(0.042) 3.244(0.087) 3.343 111.501 3.9726 11.2343 0

G025.155+00.089 18:36:51.9 -06:52:32.5 25.155 +0.089 2.3 0.514(0.062) 1 0.743(0.032) 2.593(0.068) 3.538 44.996 1 0.481(0.040) 1.461(0.083) 2.925 92.841 3.0972 12.1095 0

G025.182+00.191 18:36:33.0 -06:48:19.5 25.182 +0.191 10.4 0.196(0.058) 5 0.446(0.037) 1.370(0.078) 3.000 98.897 1 0.201(0.049) 0.561(0.102) 2.635 145.986 5.3585 9.8449 0

G025.190+00.116 18:36:49.9 -06:49:57.6 25.190 +0.116 8.0 0.210(0.056) 1 0.541(0.053) 0.970(0.079) 1.908 105.099 0 · · · (0.039) · · · (0.099) · · · · · · 5.6046 9.5978 0

G025.227+00.290 18:36:16.7 -06:43:11.3 25.227 +0.290 6.1 1.175(0.063) 1 3.524(0.039) 11.638(0.083) 3.343 46.292 1 2.197(0.041) 6.845(0.086) 3.478 93.655 3.1580 12.0399 0

G025.229-00.091 18:37:38.8 -06:53:34.3 25.229 -0.091 16.7 0.134(0.042) 0 · · · (0.061) · · · (0.157) · · · · · · 0 · · · (0.039) · · · (0.100) · · · · · · · · · · · · 0

G025.243-00.229 18:38:10.0 -06:56:37.0 25.243 -0.229 1.8 0.291(0.053) 0 · · · (0.054) · · · (0.141) · · · · · · 0 · · · (0.041) · · · (0.104) · · · · · · · · · · · · 0

G025.266-00.438 18:38:57.3 -07:01:10.0 25.266 -0.438 6.4 0.621(0.053) 1 0.955(0.043) 2.924(0.091) 2.606 59.390 1 0.917(0.040) 2.255(0.084) 2.148 106.618 3.7633 11.4300 0

G025.287-00.213 18:38:11.5 -06:53:51.0 25.287 -0.213 14.7 0.170(0.047) 1 0.219(0.043) 0.300(0.064) 1.604 62.390 1 0.134(0.030) 0.301(0.061) 2.767 111.249 3.8931 11.2972 0

G025.337+00.245 18:36:38.7 -06:38:32.7 25.337 +0.245 9.4 0.305(0.058) 1 0.524(0.032) 1.246(0.069) 2.083 41.256 1 0.194(0.044) 0.275(0.064) 1.069 88.386 2.9019 12.2821 0

G025.352-00.192 18:38:14.0 -06:49:49.4 25.352 -0.192 9.5 1.254(0.050) 1 2.091(0.043) 6.422(0.091) 2.932 61.735 1 2.030(0.048) 6.756(0.099) 3.857 108.878 3.8626 11.3196 0

G025.382-00.181 18:38:15.0 -06:47:55.2 25.382 -0.181 7.4 2.441(0.068) 1 3.961(0.037) 18.742(0.095) 4.978 64.270 1 0.295(0.037) 0.878(0.077) 3.201 110.347 3.9707 11.2077 3

G025.393-00.364 18:38:55.7 -06:52:20.4 25.393 -0.364 3.4 0.517(0.049) 1 0.952(0.037) 2.859(0.078) 2.975 56.697 1 0.774(0.045) 2.266(0.093) 2.243 104.178 3.6389 11.5382 8

G025.395+00.035 18:37:30.3 -06:41:14.8 25.395 +0.035 6.7 0.952(0.056) 1 1.237(0.037) 8.079(0.110) 7.983 -13.040 1 0.256(0.044) 1.212(0.111) 4.444 33.013 1.1246 16.3012 0

G025.399-00.141 18:38:08.4 -06:45:53.7 25.399 -0.141 2.0 3.010(0.080) 5 2.161(0.038) 11.502(0.114) 9.275 95.266 1 0.444(0.044) 1.329(0.091) 3.392 143.345 5.2169 9.9593 0

G025.411+00.105 18:37:17.0 -06:38:28.1 25.411 +0.105 7.3 0.591(0.050) 5 1.562(0.034) 8.868(0.101) 6.993 96.150 1 1.223(0.039) 5.921(0.098) 3.072 142.752 5.2516 9.9231 0

G025.412-00.176 18:38:17.3 -06:46:10.0 25.412 -0.176 7.9 0.749(0.079) 2 · · · (0.042) · · · (0.288) · · · · · · 2 · · · (0.046) · · · (0.094) · · · · · · · · · · · · 0

G025.440+00.022 18:37:37.8 -06:39:13.5 25.440 +0.022 8.1 0.239(0.041) 1 0.757(0.036) 1.800(0.077) 2.102 54.363 1 0.273(0.042) 0.639(0.088) 0.853 101.794 3.5312 11.6398 0

G025.455-00.210 18:38:29.3 -06:44:46.4 25.455 -0.210 7.1 1.140(0.072) 1 0.857(0.045) 2.584(0.094) 3.869 119.822 1 0.844(0.045) 2.943(0.094) 4.302 166.948 6.2620 8.9072 0

G025.485-00.130 18:38:15.5 -06:41:00.1 25.485 -0.130 13.8 0.274(0.060) 0 · · · (0.040) · · · (0.105) · · · · · · 0 · · · (0.044) · · · (0.112) · · · · · · · · · · · · 0

G025.538-00.230 18:38:42.8 -06:40:56.1 25.538 -0.230 8.2 0.458(0.048) 1 0.641(0.041) 1.682(0.219) 2.641 116.090 1 0.265(0.046) 0.643(0.095) 1.716 163.786 6.0884 9.0704 0

G025.613-00.306 18:39:07.5 -06:39:00.8 25.613 -0.306 7.8 0.172(0.050) 0 · · · (0.043) · · · (0.111) · · · · · · 0 · · · (0.047) · · · (0.118) · · · · · · · · · · · · 1

G025.613+00.229 18:37:12.8 -06:24:17.7 25.613 +0.229 1.0 0.711(0.053) 1 1.106(0.041) 3.637(0.220) 4.068 112.681 1 0.561(0.048) 1.978(0.098) 2.425 160.643 5.9373 9.2119 8

G025.620-00.192 18:38:43.7 -06:35:30.0 25.620 -0.192 1.7 0.347(0.047) 1 0.603(0.045) 1.822(0.212) 3.922 121.046 1 0.381(0.037) 0.967(0.077) 2.187 167.874 6.3389 8.8095 0

G025.635-00.326 18:39:14.2 -06:38:22.9 25.635 -0.326 46.4 0.158(0.054) 0 · · · (0.048) · · · (0.123) · · · · · · 0 · · · (0.047) · · · (0.118) · · · · · · · · · · · · 1

G025.641-00.118 18:38:30.2 -06:32:20.0 25.641 -0.118 11.5 0.337(0.059) 2 · · · (0.035) · · · (0.218) · · · · · · 1 0.341(0.038) 0.690(0.056) 1.732 141.593 · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G025.652+00.076 18:37:49.7 -06:26:24.8 25.652 +0.076 9.0 0.181(0.044) 0 · · · (0.041) · · · (0.105) · · · · · · 0 · · · (0.038) · · · (0.098) · · · · · · · · · · · · 0

G025.687+00.032 18:38:03.1 -06:25:45.2 25.687 +0.032 10.3 0.499(0.053) 1 0.503(0.041) 1.547(0.215) 3.670 51.934 1 0.202(0.044) 0.708(0.112) 4.601 100.009 3.4102 11.7295 0

G025.705-00.049 18:38:22.5 -06:27:01.6 25.705 -0.049 2.5 0.453(0.071) 5 0.756(0.041) 3.716(0.238) 5.141 98.262 1 0.456(0.049) 1.436(0.102) 3.330 145.934 5.3373 9.8001 0

G025.712+00.045 18:38:03.2 -06:24:06.5 25.712 +0.045 6.2 1.033(0.059) 1 2.764(0.043) 8.905(0.226) 3.829 99.219 1 2.082(0.044) 6.992(0.091) 4.362 146.354 5.3758 9.7608 0

G025.737+00.214 18:37:29.6 -06:18:05.7 25.737 +0.214 5.9 0.809(0.047) 1 1.325(0.036) 4.318(0.192) 3.410 110.006 1 0.950(0.047) 2.706(0.098) 2.802 157.349 5.8252 9.3083 0

G025.798+00.244 18:37:29.9 -06:14:01.6 25.798 +0.244 1.8 0.941(0.056) 1 2.083(0.035) 7.595(0.168) 3.982 109.854 1 1.924(0.045) 6.430(0.093) 3.990 156.991 5.8210 9.3048 0

G025.799+00.151 18:37:50.1 -06:16:30.7 25.799 +0.151 232.6 0.160(0.059) 0 · · · (0.043) · · · (0.112) · · · · · · 0 · · · (0.049) · · · (0.123) · · · · · · · · · · · · 0

G025.801-00.157 18:38:56.5 -06:24:53.4 25.801 -0.157 7.5 0.878(0.050) 1 2.718(0.036) 9.074(0.188) 3.876 94.594 1 1.185(0.042) 3.518(0.086) 3.350 142.104 5.1912 9.9340 0

G025.805-00.040 18:38:31.7 -06:21:27.6 25.805 -0.040 4.9 1.127(0.049) 1 1.807(0.038) 9.018(0.215) 5.068 91.366 1 1.755(0.043) 7.940(0.109) 4.684 138.650 5.0625 10.0622 0

G025.806+00.270 18:37:25.1 -06:12:53.1 25.806 +0.270 97.9 0.474(0.056) 1 0.904(0.038) 2.945(0.199) 3.822 110.401 1 0.476(0.043) 1.443(0.089) 2.728 157.585 5.8453 9.2795 0

G025.826-00.178 18:39:03.5 -06:24:09.8 25.826 -0.178 9.4 3.757(0.052) 5 3.840(0.062) 12.235(0.416) 3.785 92.291 1 2.869(0.039) 11.500(0.098) 4.877 140.855 5.0994 10.0227 8

G025.839-00.017 18:38:30.5 -06:19:01.7 25.839 -0.017 12.6 0.104(0.042) 1 0.523(0.047) 0.830(0.231) 1.294 111.325 0 · · · (0.046) · · · (0.116) · · · · · · 5.8877 9.2327 0

G025.843-00.385 18:39:50.0 -06:28:54.5 25.843 -0.385 7.6 0.550(0.052) 1 0.364(0.040) 1.078(0.187) 2.995 105.771 1 0.167(0.041) 0.289(0.060) 1.448 153.100 5.6481 9.4720 8

G025.967-00.005 18:38:42.2 -06:11:51.4 25.967 -0.005 196.3 0.146(0.063) 1 0.405(0.035) 0.613(0.168) 1.531 89.125 1 0.127(0.041) 0.251(0.061) 1.363 136.418 4.9728 10.1312 8

G026.049+00.039 18:38:41.9 -06:06:16.2 26.049 +0.039 0.4 0.194(0.056) 0 · · · (0.061) · · · (0.158) · · · · · · 0 · · · (0.073) · · · (0.185) · · · · · · · · · · · · 0

G026.081-00.016 18:38:57.1 -06:06:03.7 26.081 -0.016 15.5 0.153(0.049) 0 · · · (0.061) · · · (0.158) · · · · · · 0 · · · (0.085) · · · (0.216) · · · · · · · · · · · · 0

G026.091-00.055 18:39:06.6 -06:06:36.3 26.091 -0.055 1.4 0.638(0.048) 1 1.176(0.056) 4.632(0.310) 4.360 28.044 1 0.548(0.062) 1.817(0.128) 3.556 76.044 2.1514 12.9366 0

G026.110-00.092 18:39:16.5 -06:06:38.4 26.110 -0.092 8.7 0.231(0.058) 1 0.452(0.056) 1.970(0.145) 6.047 25.216 0 · · · (0.072) · · · (0.184) · · · · · · 1.9822 13.1035 0

G026.160+00.156 18:38:28.9 -05:57:08.7 26.160 +0.156 7.8 0.472(0.052) 5 0.650(0.077) 1.728(0.163) 2.275 111.712 1 0.332(0.055) 1.613(0.139) 4.632 158.768 5.9213 9.1579 8

G026.254+00.362 18:37:55.1 -05:46:28.1 26.254 +0.362 211.0 0.126(0.054) 1 0.495(0.072) 0.974(0.107) 1.549 111.925 0 · · · (0.084) · · · (0.124) · · · · · · 5.9365 9.1308 0

G026.262+00.132 18:38:45.3 -05:52:22.9 26.262 +0.132 102.9 0.089(0.054) 1 0.321(0.083) 0.754(0.177) 2.638 95.588 0 · · · (0.065) · · · (0.166) · · · · · · 5.2344 9.8316 0

G026.277+00.310 18:38:08.8 -05:46:37.9 26.277 +0.310 6.9 0.307(0.043) 5 0.665(0.078) 1.952(0.166) 3.306 87.865 1 0.513(0.065) 0.914(0.095) 1.059 135.921 4.9211 10.1430 0

G026.291+00.142 18:38:46.4 -05:50:32.0 26.291 +0.142 14.2 0.380(0.054) 1 0.753(0.075) 1.972(0.158) 2.561 112.805 1 0.336(0.052) 0.787(0.108) 1.741 160.309 5.9800 9.0822 8

G026.320+00.047 18:39:10.1 -05:51:37.9 26.320 +0.047 8.7 0.547(0.053) 1 1.390(0.054) 6.615(0.313) 4.673 55.273 1 0.969(0.053) 3.347(0.110) 3.067 102.756 3.5434 11.5150 0

G026.325+00.133 18:38:52.1 -05:48:58.1 26.325 +0.133 8.7 0.853(0.060) 5 1.602(0.056) 5.220(0.323) 4.083 112.248 1 1.011(0.062) 4.753(0.158) 4.545 160.203 5.9557 9.1020 0

G026.511+00.282 18:38:40.8 -05:34:57.3 26.511 +0.282 4.7 3.401(0.061) 4 2.647(0.065) 9.380(0.137) 4.334 100.156 1 2.286(0.071) 11.560(0.181) 5.599 148.416 5.4280 9.6056 0

G026.514-00.293 18:40:44.4 -05:50:37.1 26.514 -0.293 8.0 0.567(0.052) 5 0.978(0.057) 4.191(0.148) 5.071 107.231 1 0.800(0.064) 2.144(0.132) 2.944 154.740 5.7353 9.2980 0

G026.545+00.415 18:38:16.1 -05:29:28.6 26.545 +0.415 6.6 0.891(0.052) 1 1.763(0.059) 5.258(0.125) 2.736 86.438 1 0.812(0.051) 2.194(0.106) 0.896 133.998 4.8624 10.1669 3

G026.564-00.303 18:40:52.0 -05:48:14.3 26.564 -0.303 1.4 1.200(0.057) 1 1.077(0.046) 3.896(0.097) 4.346 108.627 1 0.765(0.053) 3.221(0.136) 4.899 156.224 5.8008 9.2260 0

G026.597-00.025 18:39:56.1 -05:38:48.2 26.597 -0.025 1.4 0.776(0.057) 1 0.833(0.050) 3.351(0.130) 5.004 22.888 1 0.348(0.059) 1.708(0.150) 4.683 70.023 1.8252 13.1970 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G026.627-00.261 18:40:50.0 -05:43:42.2 26.627 -0.261 15.9 0.217(0.046) 1 0.267(0.053) 0.798(0.112) 2.350 108.558 0 · · · (0.054) · · · (0.138) · · · · · · 5.8007 9.2177 0

G026.654+00.009 18:39:55.1 -05:34:53.1 26.654 +0.009 0.1 0.513(0.058) 1 0.299(0.054) 0.887(0.113) 3.960 112.580 1 0.176(0.058) 0.770(0.147) 4.334 159.317 5.9927 9.0221 8

G026.702-00.130 18:40:30.1 -05:36:07.2 26.702 -0.130 8.9 0.179(0.047) 0 · · · (0.051) · · · (0.131) · · · · · · 0 · · · (0.052) · · · (0.133) · · · · · · · · · · · · 0

G026.724+00.172 18:39:27.8 -05:26:39.6 26.724 +0.172 2.1 0.250(0.051) 1 0.264(0.046) 0.535(0.097) 4.571 31.571 0 · · · (0.051) · · · (0.131) · · · · · · 2.3337 12.6719 0

G026.765-00.021 18:40:13.9 -05:29:44.4 26.765 -0.021 16.0 0.125(0.052) 1 0.171(0.054) 0.513(0.114) 2.319 105.056 0 · · · (0.060) · · · (0.152) · · · · · · 5.6481 9.3519 0

G026.844+00.374 18:38:57.9 -05:14:40.2 26.844 +0.374 3.6 0.214(0.044) 1 0.519(0.046) 1.638(0.097) 3.209 80.876 1 0.303(0.063) 0.454(0.093) 1.443 128.270 4.6325 10.3574 0

G026.850+00.179 18:39:40.3 -05:19:44.9 26.850 +0.179 0.6 0.418(0.047) 1 0.271(0.061) 0.989(0.130) 3.292 93.560 1 0.341(0.064) 0.830(0.132) 2.788 140.968 5.1570 9.8319 8

G026.906+00.092 18:40:05.0 -05:19:07.2 26.906 +0.092 14.7 0.311(0.044) 1 0.245(0.049) 0.698(0.103) 2.453 90.872 0 · · · (0.060) · · · (0.153) · · · · · · 5.0456 9.9358 0

G026.917+00.112 18:40:02.0 -05:17:58.5 26.917 +0.112 13.3 0.442(0.045) 0 · · · (0.057) · · · (0.148) · · · · · · 0 · · · (0.054) · · · (0.138) · · · · · · · · · · · · 0

G026.957-00.077 18:40:47.1 -05:21:03.3 26.957 -0.077 1.2 0.486(0.048) 1 0.415(0.056) 1.550(0.118) 3.795 83.026 0 · · · (0.063) · · · (0.093) · · · · · · 4.7208 10.2539 0

G026.986-00.092 18:40:53.3 -05:19:55.7 26.986 -0.092 24.3 0.205(0.045) 0 · · · (0.049) · · · (0.128) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G027.029-00.168 18:41:14.4 -05:19:41.0 27.029 -0.168 9.5 0.183(0.049) 1 0.185(0.061) 0.836(0.157) 5.922 104.060 0 · · · (0.059) · · · (0.151) · · · · · · 5.6141 9.3510 0

G027.082+00.015 18:40:41.0 -05:11:52.5 27.082 +0.015 17.2 0.224(0.057) 0 · · · (0.043) · · · (0.112) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G027.177-00.105 18:41:17.3 -05:10:03.8 27.177 -0.105 1.1 0.307(0.066) 1 0.768(0.041) 2.456(0.087) 3.535 47.422 1 0.547(0.063) 1.806(0.131) 4.145 94.910 3.1469 11.7984 8

G027.186-00.082 18:41:13.2 -05:08:58.1 27.186 -0.082 8.6 1.309(0.060) 1 1.532(0.048) 7.616(0.125) 6.333 25.599 1 0.387(0.055) 1.299(0.113) 3.725 73.312 1.9740 12.9701 0

G027.209-00.100 18:41:19.8 -05:08:13.6 27.209 -0.100 3.3 0.417(0.057) 5 0.399(0.055) 1.756(0.164) 7.821 27.379 0 · · · (0.064) · · · (0.162) · · · · · · 2.0787 12.8623 0

G027.284+00.148 18:40:34.8 -04:57:26.4 27.284 +0.148 2.2 1.520(0.049) 5 1.019(0.039) 5.279(0.102) 6.390 31.446 1 1.577(0.062) 7.672(0.158) 4.792 79.023 2.3097 12.6213 0

G027.343+00.165 18:40:37.8 -04:53:47.2 27.343 +0.165 8.2 0.279(0.055) 1 0.191(0.051) 0.306(0.076) 1.983 34.166 0 · · · (0.053) · · · (0.135) · · · · · · 2.4587 12.4643 0

G027.367-00.166 18:41:51.2 -05:01:36.5 27.367 -0.166 6.3 4.872(0.068) 1 4.489(0.049) 23.278(0.128) 5.971 91.248 1 3.082(0.057) 13.150(0.145) 4.822 138.775 5.0661 9.8537 0

G027.479+00.129 18:41:00.5 -04:47:33.3 27.479 +0.129 11.3 0.671(0.052) 5 0.515(0.044) 2.275(0.114) 5.315 100.681 1 0.602(0.058) 1.860(0.120) 2.756 148.003 5.4791 9.4256 0

G027.495+00.188 18:40:49.5 -04:45:03.2 27.495 +0.188 1.4 0.838(0.049) 5 0.676(0.053) 2.736(0.136) 5.199 35.090 1 0.319(0.064) 0.908(0.161) 2.865 83.080 2.5045 12.3980 0

G027.521-00.015 18:41:36.0 -04:49:15.0 27.521 -0.015 11.0 0.139(0.037) 0 · · · (0.045) · · · (0.117) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G027.563+00.081 18:41:20.0 -04:44:22.2 27.563 +0.081 4.9 1.289(0.044) 5 0.932(0.050) 5.377(0.150) 8.434 85.089 1 1.159(0.058) 5.597(0.146) 5.052 132.085 4.8068 10.0864 0

G027.610+00.025 18:41:37.2 -04:43:25.9 27.610 +0.025 4.6 0.221(0.032) 5 0.348(0.040) 1.065(0.085) 3.233 89.660 0 · · · (0.050) · · · (0.126) · · · · · · 5.0014 9.8855 0

G027.685+00.093 18:41:30.9 -04:37:32.2 27.685 +0.093 10.0 0.482(0.045) 1 0.251(0.046) 0.908(0.098) 4.143 101.035 0 · · · (0.058) · · · (0.148) · · · · · · 5.5030 9.3736 0

G027.758+00.051 18:41:47.9 -04:34:49.6 27.758 +0.051 6.3 0.679(0.043) 5 0.774(0.049) 4.066(0.126) 6.373 99.587 1 0.782(0.057) 2.400(0.119) 4.496 147.213 5.4398 9.4269 0

G027.783-00.259 18:42:57.0 -04:41:59.5 27.783 -0.259 2.6 0.634(0.038) 1 2.047(0.043) 9.992(0.111) 5.485 104.158 1 1.838(0.050) 6.090(0.104) 4.102 151.795 5.6538 9.2097 0

G027.784+00.056 18:41:49.6 -04:33:17.8 27.784 +0.056 5.5 0.786(0.044) 5 2.133(0.045) 6.548(0.096) 3.211 101.175 1 1.944(0.053) 6.299(0.109) 3.602 148.759 5.5135 9.3497 0

G027.795-00.279 18:43:02.6 -04:41:53.4 27.795 -0.279 5.1 0.540(0.038) 1 1.790(0.048) 5.112(0.101) 2.934 46.359 1 1.159(0.060) 3.406(0.125) 3.232 93.523 3.0776 11.7842 0

G027.805-00.183 18:42:43.3 -04:38:42.0 27.805 -0.183 4.1 0.192(0.036) 1 0.571(0.044) 1.409(0.092) 3.182 89.162 1 0.331(0.056) 0.838(0.115) 1.315 136.860 4.9825 9.8778 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G027.903-00.015 18:42:18.0 -04:28:51.7 27.903 -0.015 5.3 0.813(0.035) 1 0.965(0.056) 2.825(0.118) 3.384 97.603 1 1.208(0.056) 3.748(0.116) 3.218 144.939 5.3551 9.4917 0

G027.935+00.205 18:41:34.5 -04:21:07.9 27.935 +0.205 7.9 0.734(0.040) 4 2.287(0.046) 8.312(0.098) 4.540 42.675 1 1.236(0.049) 3.815(0.102) 3.471 89.967 2.8894 11.9531 0

G027.957-00.555 18:44:19.7 -04:40:48.3 27.957 -0.555 9.1 0.335(0.049) 1 1.089(0.051) 3.341(0.109) 3.224 54.265 1 0.580(0.062) 1.722(0.127) 2.869 102.042 3.4531 11.3870 0

G027.962+00.113 18:41:57.0 -04:22:14.9 27.962 +0.113 72.6 0.293(0.037) 0 · · · (0.050) · · · (0.129) · · · · · · 0 · · · (0.061) · · · (0.154) · · · · · · · · · · · · 0

G027.973-00.422 18:43:53.0 -04:36:18.3 27.973 -0.422 1.6 0.538(0.033) 5 1.144(0.052) 3.263(0.109) 2.815 44.184 1 0.678(0.053) 2.544(0.110) 3.695 91.958 2.9649 11.8727 8

G027.977+00.076 18:42:06.6 -04:22:25.1 27.977 +0.076 2.6 0.977(0.029) 5 0.544(0.054) 1.872(0.114) 4.238 75.648 1 0.770(0.053) 2.132(0.109) 2.868 122.744 4.4041 10.4326 0

G028.008-00.057 18:42:38.6 -04:24:27.9 28.008 -0.057 3.8 0.316(0.038) 1 0.379(0.053) 1.775(0.278) 5.071 94.518 1 0.461(0.061) 1.262(0.126) 3.079 142.045 5.2202 9.6123 0

G028.047-00.459 18:44:09.0 -04:33:21.5 28.047 -0.459 4.5 0.336(0.038) 5 1.026(0.055) 3.482(0.116) 3.776 45.831 1 0.672(0.053) 2.165(0.111) 3.370 93.259 3.0451 11.7824 8

G028.089+00.069 18:42:20.5 -04:16:38.1 28.089 +0.069 9.6 0.273(0.045) 1 0.273(0.053) 0.744(0.113) 2.180 80.913 0 · · · (0.050) · · · (0.127) · · · · · · 4.6301 10.1911 8

G028.094-00.058 18:42:48.1 -04:19:51.9 28.094 -0.058 11.9 0.211(0.050) 1 0.285(0.058) 0.996(0.123) 4.323 45.379 0 · · · (0.056) · · · (0.141) · · · · · · 3.0211 11.7995 0

G028.147-00.006 18:42:42.8 -04:15:35.8 28.147 -0.006 3.6 0.949(0.034) 5 1.613(0.046) 6.647(0.119) 4.765 98.653 1 1.461(0.050) 4.406(0.104) 3.224 146.343 5.4118 9.4014 8

G028.151+00.168 18:42:06.1 -04:10:36.6 28.151 +0.168 2.3 0.479(0.036) 1 1.149(0.045) 3.819(0.095) 3.101 89.587 1 0.831(0.061) 2.624(0.125) 3.634 137.327 5.0059 9.8068 0

G028.200-00.051 18:42:58.3 -04:14:02.2 28.200 -0.051 7.7 3.776(0.047) 5 2.815(0.061) 23.097(0.223) 12.907 96.787 1 2.154(0.046) 11.886(0.117) 5.435 143.707 5.3281 9.4778 0

G028.203-00.195 18:43:29.6 -04:17:48.6 28.203 -0.195 7.9 0.244(0.044) 0 · · · (0.052) · · · (0.134) · · · · · · 0 · · · (0.057) · · · (0.145) · · · · · · · · · · · · 1

G028.241+00.059 18:42:39.4 -04:08:47.9 28.241 +0.059 5.1 0.703(0.039) 0 · · · (0.057) · · · (0.147) · · · · · · 0 · · · (0.061) · · · (0.155) · · · · · · · · · · · · 1

G028.245+00.011 18:42:50.1 -04:09:55.8 28.245 +0.011 2.8 0.632(0.034) 1 0.979(0.040) 2.762(0.085) 3.041 106.403 1 0.395(0.050) 1.145(0.103) 1.579 154.449 5.7936 9.0061 0

G028.274-00.165 18:43:30.9 -04:13:13.7 28.274 -0.165 3.2 0.709(0.033) 1 0.261(0.048) 0.663(0.103) 4.286 80.096 1 0.216(0.054) 0.450(0.079) 1.745 127.675 4.5953 10.2004 8

G028.287-00.364 18:44:14.9 -04:17:56.0 28.287 -0.364 9.1 1.836(0.043) 5 1.570(0.039) 7.826(0.102) 5.891 48.427 1 0.963(0.050) 2.856(0.104) 3.589 96.148 3.1665 11.6276 0

G028.292+00.005 18:42:56.5 -04:07:36.3 28.292 +0.005 6.0 0.544(0.036) 5 0.279(0.045) 1.381(0.118) 6.807 46.835 1 0.344(0.050) 1.140(0.103) 2.898 94.313 3.0881 11.7051 0

G028.303-00.387 18:44:21.6 -04:17:43.6 28.303 -0.387 8.9 1.112(0.041) 1 2.247(0.052) 7.489(0.110) 3.372 85.493 1 0.580(0.051) 1.907(0.107) 2.878 132.766 4.8298 9.9622 0

G028.321-00.012 18:43:03.3 -04:06:27.7 28.321 -0.012 3.4 0.878(0.046) 2 · · · (0.051) · · · (0.107) · · · · · · 1 1.634(0.059) 5.288(0.121) 3.763 147.508 · · · · · · 0

G028.330-00.037 18:43:09.7 -04:06:42.8 28.330 -0.037 6.4 0.667(0.047) 5 0.279(0.049) 1.232(0.128) 4.746 33.912 0 · · · (0.051) · · · (0.128) · · · · · · 2.4178 12.3701 0

G028.337+00.115 18:42:37.9 -04:02:09.4 28.337 +0.115 1.6 0.873(0.038) 1 1.233(0.047) 5.587(0.121) 4.900 81.158 1 1.333(0.056) 4.165(0.115) 3.255 128.594 4.6413 10.1456 8

G028.345+00.058 18:42:50.9 -04:03:18.3 28.345 +0.058 3.2 0.873(0.040) 1 2.038(0.051) 6.467(0.107) 3.781 78.001 1 1.479(0.046) 3.930(0.096) 4.111 126.196 4.5045 10.2813 8

G028.367+00.121 18:42:40.0 -04:00:23.5 28.367 +0.121 2.6 0.289(0.035) 1 0.223(0.056) 0.705(0.118) 3.784 81.854 1 0.218(0.062) 0.599(0.129) 1.506 129.291 4.6717 10.1110 8

G028.397+00.079 18:42:52.4 -03:59:56.4 28.397 +0.079 3.4 2.553(0.050) 5 1.360(0.054) 5.141(0.139) 4.702 76.325 5 1.862(0.055) 11.275(0.161) 3.685 125.535 4.4317 10.3468 0

G028.418-00.009 18:43:13.3 -04:01:14.9 28.418 -0.009 2.7 0.517(0.047) 5 0.253(0.044) 0.994(0.115) 6.490 97.085 5 0.234(0.062) 0.395(0.091) 1.862 143.159 5.3497 9.4259 0

G028.435+00.033 18:43:06.3 -03:59:09.2 28.435 +0.033 7.9 0.259(0.039) 1 1.042(0.061) 2.899(0.130) 2.357 83.182 5 0.674(0.059) 1.687(0.123) 2.818 130.461 4.7299 10.0432 0

G028.450+00.000 18:43:14.8 -03:59:17.7 28.450 +0.000 6.6 0.575(0.038) 1 0.634(0.051) 1.751(0.109) 3.199 -12.876 0 · · · (0.057) · · · (0.144) · · · · · · 0.9850 15.7562 0

G028.500+00.170 18:42:44.0 -03:51:56.8 28.500 +0.170 10.6 0.214(0.036) 1 0.241(0.057) 0.472(0.085) 1.980 32.389 0 · · · (0.070) · · · (0.179) · · · · · · 2.3295 12.4347 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G028.521+00.075 18:43:06.8 -03:53:25.7 28.521 +0.075 23.5 0.152(0.035) 0 · · · (0.042) · · · (0.108) · · · · · · 0 · · · (0.044) · · · (0.112) · · · · · · · · · · · · 0

G028.537-00.279 18:44:24.2 -04:02:16.0 28.537 -0.279 16.2 0.475(0.028) 1 0.537(0.055) 0.985(0.082) 1.346 88.704 1 0.215(0.067) 0.331(0.097) 0.500 136.070 4.9741 9.7849 8

G028.565-00.235 18:44:17.9 -03:59:36.2 28.565 -0.235 5.1 1.644(0.054) 5 1.001(0.049) 5.054(0.147) 7.270 86.283 5 0.745(0.056) 3.577(0.141) 2.818 134.232 4.8674 9.8877 8

G028.573+00.021 18:43:24.0 -03:52:06.3 28.573 +0.021 16.4 0.076(0.034) 0 · · · (0.039) · · · (0.101) · · · · · · 0 · · · (0.049) · · · (0.125) · · · · · · · · · · · · 0

G028.581-00.343 18:44:42.8 -04:01:41.2 28.581 -0.343 5.4 0.523(0.040) 1 0.862(0.049) 2.085(0.105) 2.712 89.141 1 0.492(0.063) 1.200(0.131) 2.343 136.118 4.9945 9.7585 0

G028.595-00.361 18:44:48.2 -04:01:25.7 28.595 -0.361 6.3 0.670(0.043) 4 1.090(0.052) 3.458(0.111) 3.101 91.794 1 0.198(0.051) 0.867(0.129) 5.746 138.390 5.1139 9.6372 0

G028.599-00.023 18:43:36.3 -03:51:57.7 28.599 -0.023 7.6 0.370(0.036) 1 0.227(0.053) 0.633(0.111) 2.816 43.458 0 · · · (0.047) · · · (0.119) · · · · · · 2.9122 11.8380 0

G028.608+00.017 18:43:28.7 -03:50:24.8 28.608 +0.017 7.1 1.401(0.039) 1 2.651(0.049) 10.140(0.104) 4.502 102.999 1 1.248(0.057) 4.374(0.118) 4.010 150.092 5.6444 9.1046 0

G028.641+00.275 18:42:37.2 -03:41:32.5 28.641 +0.275 2.3 0.177(0.034) 1 0.418(0.050) 0.761(0.075) 1.565 93.233 0 · · · (0.045) · · · (0.115) · · · · · · 5.1802 9.5643 0

G028.651+00.027 18:43:31.4 -03:47:49.1 28.651 +0.027 4.1 1.513(0.051) 1 1.647(0.043) 7.947(0.112) 5.161 103.442 1 1.375(0.051) 6.463(0.130) 5.009 151.404 5.6697 9.0732 3

G028.659+00.143 18:43:07.3 -03:44:12.0 28.659 +0.143 0.7 0.332(0.049) 1 0.837(0.053) 2.115(0.112) 2.362 79.326 1 0.600(0.051) 1.653(0.106) 2.303 126.838 4.5627 10.1791 8

G028.683-00.282 18:44:40.9 -03:54:34.0 28.683 -0.282 8.3 0.753(0.044) 1 1.262(0.053) 4.358(0.113) 4.031 89.638 1 1.518(0.052) 4.814(0.108) 3.494 137.243 5.0188 9.7198 0

G028.701+00.431 18:42:10.4 -03:34:05.2 28.701 +0.431 5.0 0.094(0.041) 1 0.300(0.054) 0.802(0.114) 2.235 93.094 0 · · · (0.051) · · · (0.130) · · · · · · 5.1757 9.5607 8

G028.707-00.295 18:44:46.4 -03:53:39.4 28.707 -0.295 4.8 0.783(0.040) 2 · · · (0.050) · · · (0.106) · · · · · · 1 0.625(0.061) 1.925(0.125) 3.640 136.441 · · · · · · 0

G028.721-00.181 18:44:23.5 -03:49:46.4 28.721 -0.181 9.7 0.200(0.033) 1 0.323(0.053) 0.581(0.079) 1.638 102.191 0 · · · (0.055) · · · (0.139) · · · · · · 5.6109 9.1222 0

G028.729-00.241 18:44:37.2 -03:51:00.7 28.729 -0.241 7.9 0.305(0.049) 0 · · · (0.053) · · · (0.223) · · · · · · 1 0.139(0.048) 0.252(0.070) 0.882 146.251 · · · · · · 0

G028.761+00.105 18:43:26.7 -03:39:47.2 28.761 +0.105 8.1 0.243(0.044) 1 0.209(0.041) 0.452(0.087) 2.779 97.251 0 · · · (0.051) · · · (0.130) · · · · · · 5.3716 9.3559 0

G028.772+00.173 18:43:13.3 -03:37:22.2 28.772 +0.173 2.3 0.352(0.036) 1 0.714(0.049) 1.907(0.104) 2.760 106.401 1 0.423(0.057) 1.494(0.118) 1.609 154.215 5.8348 8.8912 8

G028.782-00.149 18:44:23.4 -03:45:40.0 28.782 -0.149 4.9 0.188(0.035) 0 · · · (0.053) · · · (0.138) · · · · · · 0 · · · (0.044) · · · (0.112) · · · · · · · · · · · · 0

G028.788+00.236 18:43:01.5 -03:34:46.7 28.788 +0.236 4.4 0.827(0.043) 4 1.580(0.049) 6.485(0.126) 4.750 108.023 1 1.269(0.062) 4.828(0.157) 4.424 155.698 5.9268 8.7971 0

G028.803-00.023 18:43:58.7 -03:41:05.9 28.803 -0.023 2.5 0.525(0.045) 1 0.794(0.046) 3.440(0.120) 5.472 100.583 1 0.522(0.061) 2.639(0.155) 3.070 148.652 5.5353 9.1863 0

G028.810+00.171 18:43:18.0 -03:35:24.1 28.810 +0.171 6.7 1.211(0.041) 4 1.819(0.050) 6.721(0.105) 4.365 105.247 1 1.431(0.052) 6.333(0.131) 4.667 152.716 5.7755 8.9452 3

G028.817+00.363 18:42:37.6 -03:29:43.9 28.817 +0.363 0.6 0.942(0.041) 5 1.701(0.040) 8.012(0.103) 6.378 86.004 1 1.529(0.050) 8.318(0.128) 3.711 134.002 4.8588 9.8611 0

G028.831-00.255 18:44:51.4 -03:45:54.1 28.831 -0.255 2.2 2.121(0.044) 5 2.861(0.053) 14.114(0.159) 7.331 87.933 1 3.230(0.053) 15.362(0.133) 4.901 135.044 4.9455 9.7722 8

G028.837-00.211 18:44:42.6 -03:44:23.5 28.837 -0.211 7.1 0.497(0.037) 5 0.645(0.045) 1.811(0.095) 2.257 86.265 1 0.533(0.048) 1.314(0.100) 4.046 133.653 4.8709 9.8459 0

G028.841+00.493 18:42:12.5 -03:24:53.0 28.841 +0.493 7.5 0.561(0.057) 5 0.841(0.048) 3.588(0.125) 6.108 85.604 1 0.653(0.059) 3.067(0.150) 4.675 134.092 4.8414 9.8752 8

G028.862+00.065 18:43:46.3 -03:35:31.6 28.862 +0.065 5.0 1.845(0.039) 2 · · · (0.050) · · · (0.130) · · · · · · 2 · · · (0.049) · · · (0.101) · · · · · · · · · · · · 4

G028.881-00.023 18:44:07.2 -03:36:53.2 28.881 -0.023 7.4 0.569(0.051) 1 1.702(0.051) 6.075(0.108) 4.113 101.124 1 1.570(0.047) 7.359(0.118) 4.454 148.962 5.5669 9.1436 0

G028.925-00.228 18:44:55.8 -03:40:09.1 28.925 -0.228 5.2 0.370(0.037) 1 0.992(0.039) 2.448(0.083) 2.545 96.752 1 0.453(0.045) 1.154(0.094) 1.764 144.523 5.3552 9.3491 0

G028.959-00.203 18:44:54.4 -03:37:39.9 28.959 -0.203 5.8 0.264(0.039) 1 0.747(0.047) 2.279(0.100) 2.912 96.046 1 0.330(0.049) 0.955(0.101) 2.931 143.796 5.3230 9.3765 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G028.963-00.595 18:46:18.7 -03:48:11.3 28.963 -0.595 6.2 0.216(0.061) 1 1.101(0.053) 3.926(0.113) 3.743 76.167 1 0.519(0.063) 1.615(0.131) 2.903 123.797 4.4253 10.2744 0

G028.977+00.081 18:43:55.6 -03:28:55.0 28.977 +0.081 8.6 0.220(0.040) 1 0.270(0.047) 0.671(0.100) 2.628 70.411 0 · · · (0.051) · · · (0.130) · · · · · · 4.1692 10.5276 0

G029.004+00.035 18:44:08.4 -03:28:46.2 29.004 +0.035 41.6 0.201(0.039) 0 · · · (0.042) · · · (0.110) · · · · · · 0 · · · (0.054) · · · (0.136) · · · · · · · · · · · · 1

G029.017-00.179 18:44:55.6 -03:33:55.6 29.017 -0.179 1.5 0.496(0.037) 1 0.765(0.045) 2.126(0.096) 2.387 95.871 1 0.333(0.047) 0.707(0.068) 1.609 143.706 5.3171 9.3742 0

G029.034+00.033 18:44:12.1 -03:27:13.7 29.034 +0.033 9.3 0.133(0.043) 0 · · · (0.049) · · · (0.126) · · · · · · 0 · · · (0.047) · · · (0.120) · · · · · · · · · · · · 0

G029.075+00.025 18:44:18.4 -03:25:13.7 29.075 +0.025 54.5 0.116(0.040) 1 0.230(0.039) 0.486(0.058) 1.959 97.557 0 · · · (0.058) · · · (0.147) · · · · · · 5.4009 9.2820 0

G029.117+00.027 18:44:22.6 -03:22:55.9 29.117 +0.027 5.3 0.425(0.037) 1 0.797(0.051) 3.389(0.133) 4.743 97.848 1 0.526(0.048) 1.831(0.100) 3.844 145.700 5.4173 9.2596 8

G029.226+00.023 18:44:35.3 -03:17:16.1 29.226 +0.023 2.3 0.414(0.051) 5 1.023(0.048) 3.994(0.102) 4.143 96.450 1 0.638(0.057) 2.227(0.118) 3.675 144.040 5.3543 9.3072 8

G029.235-00.049 18:44:51.8 -03:18:43.9 29.235 -0.049 9.3 0.355(0.040) 1 1.763(0.046) 4.452(0.096) 2.673 61.273 1 1.159(0.049) 3.142(0.101) 2.872 108.875 3.7540 10.9061 8

G029.273+00.360 18:43:28.4 -03:05:26.9 29.273 +0.360 3.3 0.174(0.035) 1 0.362(0.045) 0.775(0.067) 1.091 80.723 0 · · · (0.053) · · · (0.133) · · · · · · 4.6291 10.0258 8

G029.285-00.333 18:45:57.9 -03:23:51.5 29.285 -0.333 1.0 0.536(0.039) 5 0.463(0.039) 1.389(0.083) 4.185 96.663 1 0.239(0.050) 0.743(0.103) 1.503 143.747 5.3679 9.2853 0

G029.320-00.163 18:45:25.4 -03:17:19.1 29.320 -0.163 7.6 0.224(0.039) 1 0.470(0.045) 1.725(0.095) 3.754 47.543 1 0.363(0.042) 1.508(0.105) 4.127 95.195 3.1004 11.5476 0

G029.375-00.413 18:46:25.0 -03:21:13.3 29.375 -0.413 10.4 0.224(0.036) 1 0.850(0.035) 2.005(0.074) 2.487 106.952 1 0.373(0.050) 0.518(0.074) 1.852 154.607 5.9246 8.7158 0

G029.397-00.095 18:45:19.3 -03:11:19.2 29.397 -0.095 1.3 0.802(0.045) 5 1.276(0.047) 7.095(0.142) 7.855 105.503 1 1.360(0.046) 6.931(0.116) 3.157 153.494 5.8412 8.7956 0

G029.437-00.174 18:45:40.6 -03:11:21.4 29.437 -0.174 13.6 0.455(0.042) 1 0.729(0.048) 2.294(0.102) 2.871 85.905 1 0.803(0.049) 2.360(0.102) 2.853 133.750 4.8663 9.7649 0

G029.477-00.253 18:46:02.0 -03:11:23.0 29.477 -0.253 17.5 0.124(0.041) 1 0.155(0.043) 0.239(0.064) NaN 76.051 0 · · · (0.052) · · · (0.133) · · · · · · 4.4213 10.2040 0

G029.478-00.179 18:45:46.1 -03:09:19.7 29.478 -0.179 3.0 0.496(0.038) 1 0.811(0.047) 2.650(0.100) 2.972 105.449 1 0.226(0.047) 0.339(0.068) 1.253 152.547 5.8460 8.7793 0

G029.555-00.357 18:46:32.7 -03:10:03.5 29.555 -0.357 2.0 0.125(0.025) 1 0.476(0.046) 0.709(0.068) 1.227 92.515 0 · · · (0.055) · · · (0.141) · · · · · · 5.1790 9.4353 0

G029.592-00.618 18:47:32.6 -03:15:15.4 29.592 -0.618 40.9 0.829(0.070) 1 1.158(0.049) 3.695(0.103) 3.582 76.148 1 1.307(0.047) 3.768(0.098) 2.476 124.318 4.4269 10.1826 8

G029.596-00.253 18:46:14.8 -03:05:02.6 29.596 -0.253 7.7 0.158(0.029) 1 0.210(0.053) 0.303(0.079) 1.471 98.147 0 · · · (0.056) · · · (0.141) · · · · · · 5.4591 9.1491 0

G029.623+00.249 18:44:30.6 -02:49:49.4 29.623 +0.249 2.0 0.287(0.032) 1 0.737(0.043) 1.340(0.064) 2.049 76.931 1 0.268(0.049) 0.603(0.101) 0.795 124.382 4.4617 10.1426 8

G029.702+00.121 18:45:06.5 -02:49:08.3 29.702 +0.121 8.2 0.117(0.032) 1 0.215(0.045) 0.489(0.096) 2.353 -26.439 0 · · · (0.046) · · · (0.117) · · · · · · 2.4111 17.0039 0

G029.779-00.264 18:46:37.4 -02:55:33.2 29.779 -0.264 9.5 0.364(0.033) 1 0.909(0.046) 2.744(0.097) 3.071 99.954 1 0.311(0.052) 1.076(0.132) 6.040 147.126 5.5658 9.0158 0

G029.823-00.196 18:46:27.7 -02:51:22.2 29.823 -0.196 19.6 0.152(0.037) 1 0.376(0.046) 1.000(0.098) 2.071 89.541 0 · · · (0.043) · · · (0.109) · · · · · · 5.0467 9.5285 0

G029.838-00.102 18:46:09.2 -02:48:01.4 29.838 -0.102 0.5 0.295(0.032) 1 0.569(0.040) 1.587(0.086) 2.452 99.053 1 0.189(0.046) 0.260(0.068) 1.148 146.402 5.5218 9.0512 0

G029.847+00.001 18:45:48.1 -02:44:40.2 29.847 +0.001 1.7 0.390(0.036) 1 0.881(0.044) 2.595(0.092) 2.582 100.793 1 0.390(0.049) 1.273(0.101) 4.145 148.210 5.6160 8.9555 8

G029.861+00.029 18:45:43.7 -02:43:09.1 29.861 +0.029 5.9 0.586(0.033) 1 0.797(0.046) 2.642(0.098) 3.841 103.207 1 0.415(0.043) 1.255(0.089) 2.168 151.059 5.7527 8.8168 0

G029.862-00.048 18:46:00.3 -02:45:14.8 29.862 -0.048 6.4 0.923(0.050) 1 1.877(0.046) 8.967(0.118) 4.759 100.915 1 0.882(0.050) 4.168(0.127) 4.175 148.631 5.6239 8.9456 0

G029.876-00.479 18:47:33.9 -02:56:17.5 29.876 -0.479 71.9 0.123(0.030) 1 0.199(0.045) 0.305(0.068) 1.607 100.374 0 · · · (0.055) · · · (0.139) · · · · · · 5.5960 8.9719 0

G029.886-00.783 18:48:40.0 -03:04:03.8 29.886 -0.783 5.5 0.684(NaN) 5 0.994(0.055) 3.604(0.116) 3.261 83.308 1 0.649(0.052) 2.103(0.108) 3.031 130.837 4.7575 9.8098 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G029.889-00.009 18:45:54.9 -02:42:42.0 29.889 -0.009 30.3 0.691(0.040) 5 0.779(0.042) 2.717(0.090) 4.194 95.127 5 0.354(0.047) 1.048(0.097) 4.224 142.840 5.3223 9.2431 0

G029.898-00.217 18:46:40.3 -02:47:57.1 29.898 -0.217 7.0 0.404(0.028) 1 0.226(0.047) 0.721(0.099) 2.867 102.746 0 · · · (0.046) · · · (0.115) · · · · · · 5.7298 8.8346 8

G029.911+00.093 18:45:35.4 -02:38:43.4 29.911 +0.093 9.4 0.163(0.038) 1 0.149(0.041) 0.239(0.061) 1.142 106.099 0 · · · (0.042) · · · (0.106) · · · · · · 5.9321 8.6301 0

G029.912-00.046 18:46:05.4 -02:42:29.8 29.912 -0.046 4.8 2.008(0.046) 1 2.653(0.046) 13.625(0.120) 5.615 100.435 1 2.520(0.055) 12.313(0.138) 4.275 147.932 5.6016 8.9605 0

G029.921-00.017 18:46:00.0 -02:41:12.5 29.921 -0.017 1.7 0.583(0.050) 5 1.195(0.039) 4.984(0.100) 5.131 96.793 5 0.867(0.040) 3.631(0.102) 3.953 144.378 5.4091 9.1517 0

G029.932-00.065 18:46:11.5 -02:41:58.5 29.932 -0.065 7.2 1.852(0.048) 1 1.692(0.039) 7.331(0.102) 5.003 99.165 1 2.534(0.038) 10.300(0.096) 4.553 146.679 5.5343 9.0249 0

G029.952+00.151 18:45:27.5 -02:34:59.6 29.952 +0.151 7.6 0.206(0.030) 1 0.655(0.042) 2.102(0.089) 2.771 94.243 1 0.225(0.047) 0.475(0.097) 3.083 141.489 5.2812 9.2752 8

G029.956-00.018 18:46:04.1 -02:39:25.0 29.956 -0.018 1.9 5.818(0.059) 2 · · · (0.046) · · · (0.118) · · · · · · 1 2.062(0.046) 6.858(0.095) 3.600 144.962 · · · · · · 4

G029.959-00.791 18:48:49.8 -03:00:21.9 29.959 -0.791 11.3 0.670(NaN) 1 1.480(0.043) 4.862(0.091) 3.093 85.200 1 0.819(0.042) 2.442(0.087) 4.460 132.551 4.8472 9.7094 0

G029.974-00.050 18:46:13.0 -02:39:19.7 29.974 -0.050 6.8 1.539(0.054) 5 1.896(0.042) 9.067(0.110) 6.676 101.885 1 1.673(0.051) 7.984(0.131) 5.021 149.252 5.6873 8.8657 8

G030.006-00.007 18:46:07.2 -02:36:24.9 30.006 -0.007 86.3 0.115(0.050) 1 0.674(0.058) 1.635(0.123) 2.118 102.781 1 0.279(0.045) 0.477(0.066) 0.893 150.057 5.7416 8.8067 0

G030.006-00.272 18:47:04.0 -02:43:41.2 30.006 -0.272 6.6 1.647(0.034) 1 0.286(0.066) 1.031(0.139) 3.958 101.836 1 0.618(0.054) 1.860(0.111) 3.627 150.611 5.6876 8.8609 0

G030.020-00.050 18:46:18.0 -02:36:52.4 30.020 -0.050 1.5 1.001(0.057) 5 1.080(0.042) 4.101(0.089) 4.441 91.692 1 0.725(0.056) 2.418(0.115) 4.708 138.836 5.1581 9.3882 0

G030.022+00.009 18:46:05.5 -02:35:07.8 30.022 +0.009 7.4 0.146(0.044) 1 0.281(0.041) 0.518(0.062) 1.072 105.113 0 · · · (0.047) · · · (0.120) · · · · · · 5.8832 8.6628 0

G030.026+00.106 18:45:45.4 -02:32:16.8 30.026 +0.106 6.6 0.507(0.032) 1 0.733(0.052) 1.770(0.109) 2.401 105.973 1 0.260(0.051) 0.651(0.105) 2.607 153.218 5.9379 8.6076 0

G030.137-00.073 18:46:35.8 -02:31:11.9 30.137 -0.073 6.0 0.355(0.034) 1 0.302(0.042) 0.362(0.063) 0.835 86.585 1 0.140(0.046) 0.258(0.068) 0.657 133.738 4.9163 9.6127 8

G030.214-00.189 18:47:09.0 -02:30:17.6 30.214 -0.189 5.5 1.346(0.042) 1 1.458(0.046) 5.717(0.120) 4.635 105.673 1 1.040(0.049) 3.605(0.101) 3.982 153.090 5.9422 8.5756 8

G030.252+00.051 18:46:21.8 -02:21:41.2 30.252 +0.051 8.8 0.571(0.037) 1 0.558(0.044) 1.879(0.093) 3.412 70.658 1 0.324(0.046) 1.049(0.095) 3.065 117.759 4.1792 10.3329 0

G030.254+00.339 18:45:20.5 -02:13:42.9 30.254 +0.339 15.3 0.142(0.030) 0 · · · (0.049) · · · (0.127) · · · · · · 0 · · · (0.047) · · · (0.118) · · · · · · · · · · · · 0

G030.294+00.054 18:46:25.9 -02:19:23.2 30.294 +0.054 1.5 0.673(0.039) 1 0.802(0.042) 2.377(0.088) 3.187 108.317 1 0.704(0.047) 1.886(0.097) 2.936 155.553 6.1372 8.3688 8

G030.300-00.207 18:47:22.1 -02:26:12.6 30.300 -0.207 0.5 0.588(0.037) 1 1.327(0.050) 3.662(0.106) 2.667 102.565 1 0.793(0.050) 2.301(0.104) 3.471 150.049 5.7580 8.7472 0

G030.315+00.071 18:46:24.5 -02:17:46.4 30.315 +0.071 1.8 0.518(0.034) 5 0.709(0.052) 3.455(0.135) 5.358 45.105 1 0.341(0.053) 1.125(0.111) 2.909 92.496 2.9605 11.5423 0

G030.330+00.114 18:46:17.1 -02:15:49.1 30.330 +0.114 7.5 0.360(0.028) 5 0.350(0.043) 1.559(0.110) 4.812 46.685 1 0.160(0.045) 0.623(0.093) 1.025 94.113 3.0397 11.4610 0

G030.342-00.120 18:47:08.3 -02:21:36.3 30.342 -0.120 7.1 0.560(0.034) 1 0.294(0.039) 1.152(0.083) 3.932 111.755 1 0.361(0.050) 1.087(0.104) 2.855 159.665 6.4371 8.0619 0

G030.348+00.390 18:45:19.9 -02:07:19.2 30.348 +0.390 2.1 0.573(0.031) 1 1.623(0.048) 5.307(0.101) 3.723 92.933 1 1.084(0.044) 2.916(0.092) 4.225 140.151 5.2357 9.2626 0

G030.361-00.327 18:47:54.6 -02:26:11.6 30.361 -0.327 0.4 0.243(0.030) 1 0.673(0.047) 1.853(0.100) 2.279 102.850 1 0.235(0.054) 0.481(0.079) 1.220 150.115 5.7818 8.7144 0

G030.364+00.105 18:46:22.5 -02:14:14.7 30.364 +0.105 0.5 0.701(0.036) 1 1.875(0.057) 5.787(0.121) 3.506 95.767 1 0.695(0.043) 2.073(0.089) 3.846 143.310 5.3831 9.1126 8

G030.386-00.106 18:47:10.2 -02:18:51.0 30.386 -0.106 5.4 1.279(0.034) 1 2.221(0.040) 7.790(0.085) 3.755 86.858 1 1.085(0.046) 3.697(0.094) 3.051 134.365 4.9375 9.5548 0

G030.399-00.298 18:47:52.7 -02:23:23.6 30.399 -0.298 0.9 0.533(0.036) 1 1.217(0.052) 3.741(0.111) 3.346 102.716 1 0.708(0.054) 2.051(0.111) 3.456 150.125 5.7776 8.7130 0

G030.420-00.232 18:47:40.8 -02:20:30.0 30.420 -0.232 1.4 2.164(0.046) 5 2.968(0.045) 13.936(0.118) 5.594 105.086 1 2.624(0.044) 12.728(0.113) 4.369 152.537 5.9301 8.5574 8
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G030.422+00.464 18:45:12.3 -02:01:20.3 30.422 +0.464 9.7 0.529(0.035) 1 0.421(0.048) 1.403(0.101) 3.396 15.558 1 0.211(0.043) 0.670(0.088) 2.359 62.955 1.2831 13.2044 0

G030.431-00.118 18:47:17.7 -02:16:46.1 30.431 -0.118 6.3 0.463(0.047) 1 0.324(0.044) 0.955(0.092) 2.696 102.868 1 0.233(0.055) 0.639(0.113) 1.430 150.753 5.7901 8.6955 0

G030.448-00.027 18:46:59.9 -02:13:23.0 30.448 -0.027 0.1 0.436(0.027) 1 0.186(0.039) 0.553(0.083) 2.495 45.119 0 · · · (0.051) · · · (0.106) · · · · · · 2.9592 11.5240 0

G030.462+00.032 18:46:49.0 -02:11:00.8 30.462 +0.032 5.8 0.605(0.033) 1 0.988(0.045) 3.005(0.096) 3.816 105.777 1 0.958(0.046) 3.370(0.095) 4.047 153.121 5.9819 8.4991 0

G030.474-00.054 18:47:08.7 -02:12:43.5 30.474 -0.054 7.9 0.284(0.037) 0 · · · (0.040) · · · (0.104) · · · · · · 0 · · · (0.054) · · · (0.138) · · · · · · · · · · · · 0

G030.496-00.392 18:48:23.3 -02:20:49.7 30.496 -0.392 8.9 0.304(0.033) 1 1.069(0.047) 1.517(0.070) 0.967 11.861 0 · · · (0.055) · · · (0.139) · · · · · · 1.0383 13.4380 8

G030.501+00.170 18:46:23.9 -02:05:08.2 30.501 +0.170 14.7 0.163(0.032) 1 0.404(0.041) 1.224(0.086) 3.153 38.723 1 0.199(0.048) 0.526(0.100) 0.500 85.345 2.6282 11.8470 0

G030.527-00.257 18:47:58.0 -02:15:26.3 30.527 -0.257 16.4 0.217(0.025) 5 0.474(0.049) 1.387(0.103) 2.594 111.547 1 0.165(0.058) 0.561(0.119) 4.190 158.508 6.4670 8.0045 0

G030.533+00.025 18:46:58.3 -02:07:25.8 30.533 +0.025 16.9 1.010(0.035) 1 1.135(0.037) 3.983(0.079) 4.529 48.418 1 0.287(0.042) 0.590(0.086) 2.101 95.835 3.1230 11.3475 3

G030.573-00.249 18:48:01.3 -02:12:46.7 30.573 -0.249 17.3 0.303(0.024) 0 · · · (0.072) · · · (0.108) · · · · · · 0 · · · (0.054) · · · (0.137) · · · · · · · · · · · · 1

G030.587-00.040 18:47:18.0 -02:06:18.6 30.587 -0.040 15.5 1.874(0.051) 1 1.605(0.053) 7.363(0.137) 5.186 42.380 1 1.195(0.052) 3.652(0.108) 3.557 89.405 2.8173 11.6452 0

G030.601+00.180 18:46:32.5 -01:59:31.6 30.601 +0.180 21.7 1.925(0.042) 1 0.775(0.040) 2.605(0.085) 3.971 102.237 1 1.123(0.048) 5.200(0.121) 5.165 151.055 5.7695 8.6909 0

G030.615+00.242 18:46:20.9 -01:57:04.0 30.615 +0.242 18.6 0.322(0.025) 1 0.284(0.044) 0.547(0.067) 0.876 94.222 0 · · · (0.058) · · · (0.146) · · · · · · 5.3176 9.1407 8

G030.623+00.550 18:45:15.8 -01:48:13.5 30.623 +0.550 11.9 0.255(0.040) 5 0.616(0.047) 1.780(0.100) 2.635 84.087 1 0.200(0.061) 0.699(0.126) 4.055 131.360 4.8119 9.6459 8

G030.649-00.200 18:47:59.0 -02:07:22.5 30.649 -0.200 15.2 1.142(0.035) 5 0.923(0.044) 4.335(0.114) 5.328 90.130 1 1.467(0.051) 6.838(0.130) 3.063 137.800 5.1093 9.3440 0

G030.657+00.048 18:47:06.9 -02:00:07.4 30.657 +0.048 19.4 0.520(0.031) 1 0.260(0.046) 0.810(0.097) 3.948 81.376 0 · · · (0.050) · · · (0.127) · · · · · · 4.6832 9.7686 0

G030.661+00.026 18:47:12.0 -02:00:30.8 30.661 +0.026 16.4 0.481(0.031) 1 0.360(0.040) 1.155(0.084) 4.326 84.574 0 · · · (0.049) · · · (0.124) · · · · · · 4.8363 9.6150 0

G030.683-00.259 18:48:15.5 -02:07:09.7 30.683 -0.259 16.5 0.770(0.035) 1 0.778(0.045) 3.858(0.116) 6.042 103.714 1 0.365(0.046) 1.136(0.094) 4.025 151.392 5.8734 8.5747 0

G030.685-00.036 18:47:28.0 -02:00:56.9 30.685 -0.036 13.5 2.098(0.057) 1 1.154(0.055) 7.311(0.164) 7.861 88.177 1 1.743(0.051) 9.246(0.130) 6.180 136.985 5.0133 9.4344 0

G030.695-00.360 18:48:38.3 -02:09:16.2 30.695 -0.360 24.1 0.270(0.025) 1 0.322(0.038) 0.713(0.057) 1.868 53.733 0 · · · (0.056) · · · (0.141) · · · · · · 3.3819 11.0646 0

G030.701-00.064 18:47:35.6 -02:00:53.2 30.701 -0.064 15.9 7.012(0.065) 5 2.332(0.053) 6.683(0.112) 4.185 88.524 1 3.370(0.045) 20.813(0.131) 5.296 137.119 5.0312 9.4143 0

G030.705+00.110 18:46:58.8 -01:55:53.1 30.705 +0.110 21.5 0.670(0.041) 5 0.221(0.039) 0.670(0.083) 2.954 92.695 1 0.185(0.038) 0.742(0.112) 6.809 141.708 5.2430 9.2018 8

G030.710-00.290 18:48:24.9 -02:06:35.6 30.710 -0.290 38.6 0.190(0.027) 1 0.251(0.054) 0.576(0.115) 2.302 101.398 9 · · · (0.050) · · · (0.104) · · · · · · 5.7299 8.7144 0

G030.713+00.144 18:46:52.5 -01:54:32.0 30.713 +0.144 15.1 0.363(0.034) 1 0.232(0.048) 0.615(0.102) 2.195 90.698 0 · · · (0.056) · · · (0.142) · · · · · · 5.1409 9.3027 8

G030.715+00.192 18:46:42.5 -01:53:06.2 30.715 +0.192 9.8 0.249(0.031) 0 · · · (0.049) · · · (0.127) · · · · · · 0 · · · (0.063) · · · (0.159) · · · · · · · · · · · · 1

G030.733+00.115 18:47:01.0 -01:54:17.0 30.733 +0.115 27.8 0.540(0.044) 1 0.462(0.046) 1.496(0.097) 3.350 91.381 1 0.263(0.047) 0.853(0.097) 3.286 138.630 5.1768 9.2639 8

G030.741-00.058 18:47:38.7 -01:58:34.2 30.741 -0.058 17.7 3.802(0.067) 5 1.198(0.042) 6.284(0.139) 9.785 96.625 1 1.498(0.042) 9.369(0.122) 5.861 142.734 5.4557 8.9837 0

G030.741+00.002 18:47:25.9 -01:56:53.8 30.741 +0.002 16.2 1.403(0.037) 5 0.484(0.041) 2.376(0.123) 9.273 91.073 1 0.193(0.047) 1.355(0.153) 9.358 137.420 5.1615 9.2778 0

G030.757+00.210 18:46:43.3 -01:50:23.0 30.757 +0.210 14.0 0.920(0.032) 1 0.742(0.072) 2.494(0.153) 3.387 99.657 1 0.568(0.047) 1.804(0.098) 3.221 146.851 5.6297 8.8073 0

G030.772-00.086 18:47:48.0 -01:57:42.0 30.772 -0.086 19.6 0.736(0.045) 1 1.334(0.046) 3.925(0.097) 3.229 93.698 1 0.972(0.041) 2.586(0.084) 3.410 141.441 5.2997 9.1351 0



125

Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G030.773-00.213 18:48:15.4 -02:01:07.4 30.773 -0.213 12.6 1.156(0.031) 1 1.208(0.053) 4.369(0.112) 4.450 104.765 1 0.970(0.049) 3.413(0.102) 3.044 152.443 5.9561 8.4786 0

G030.785-00.022 18:47:35.9 -01:55:15.0 30.785 -0.022 14.8 3.938(0.057) 4 2.950(0.044) 13.080(0.113) 6.081 95.836 4 1.157(0.053) 5.321(0.134) 5.178 143.827 5.4155 9.0173 3

G030.811-00.108 18:47:57.0 -01:56:12.5 30.811 -0.108 16.5 0.425(0.037) 4 0.986(0.050) 4.288(0.131) 4.817 94.752 1 0.581(0.056) 1.825(0.117) 3.292 142.522 5.3585 9.0704 8

G030.815-00.052 18:47:45.6 -01:54:27.9 30.815 -0.052 20.2 9.280(0.070) 5 3.855(0.043) 17.620(0.110) 5.124 94.023 1 3.916(0.044) 17.419(0.112) 6.876 142.374 5.3197 9.1086 4

G030.821+00.063 18:47:21.8 -01:50:59.0 30.821 +0.063 10.3 0.549(0.038) 5 0.355(0.052) 1.065(0.110) 3.125 40.479 1 0.212(0.041) 0.897(0.105) 4.714 88.593 2.7150 11.7123 0

G030.823-00.156 18:48:08.6 -01:56:53.0 30.823 -0.156 21.5 0.868(0.045) 1 0.901(0.046) 2.450(0.097) 2.638 104.844 1 0.759(0.056) 2.014(0.116) 3.363 152.057 5.9688 8.4584 0

G030.825+00.138 18:47:06.1 -01:48:42.3 30.825 +0.138 19.5 0.608(0.052) 1 0.423(0.042) 1.166(0.089) 2.585 36.597 0 · · · (0.048) · · · (0.121) · · · · · · 2.5097 11.9170 0

G030.839-00.016 18:47:40.5 -01:52:11.0 30.839 -0.016 20.3 0.363(0.050) 1 0.924(0.047) 3.093(0.099) 4.072 92.631 1 0.609(0.050) 2.501(0.126) 4.903 140.682 5.2475 9.1771 0

G030.841+00.342 18:46:24.3 -01:42:15.9 30.841 +0.342 48.9 0.168(0.026) 1 0.162(0.046) 0.369(0.097) 2.260 97.707 0 · · · (0.057) · · · (0.145) · · · · · · 5.5244 8.9002 0

G030.843+00.180 18:46:59.0 -01:46:35.7 30.843 +0.180 17.4 0.489(0.028) 1 0.296(0.052) 1.018(0.111) 3.226 96.054 1 0.296(0.054) 0.566(0.078) 1.649 143.550 5.4318 8.9923 8

G030.845-00.079 18:47:54.7 -01:53:35.0 30.845 -0.079 17.3 1.157(0.049) 5 1.277(0.043) 6.138(0.112) 6.917 95.693 1 1.349(0.055) 9.023(0.160) 6.080 144.007 5.4122 9.0116 0

G030.851-00.105 18:48:00.9 -01:53:59.4 30.851 -0.105 12.0 0.755(0.033) 2 · · · (0.051) · · · (0.408) · · · · · · 2 · · · (0.049) · · · (0.102) · · · · · · · · · · · · 8

G030.855+00.150 18:47:06.7 -01:46:45.4 30.855 +0.150 16.0 0.959(0.046) 1 0.517(0.049) 1.924(0.104) 4.148 94.722 1 0.471(0.047) 1.394(0.097) 2.754 142.369 5.3598 9.0624 0

G030.860-00.154 18:48:12.2 -01:54:52.3 30.860 -0.154 9.4 0.541(0.034) 1 0.231(0.045) 0.814(0.094) 3.753 53.649 0 · · · (0.056) · · · (0.143) · · · · · · 3.3760 11.0457 0

G030.863+00.117 18:47:14.8 -01:47:15.2 30.863 +0.117 17.1 1.487(0.048) 1 1.564(0.041) 5.613(0.087) 4.278 39.931 1 0.633(0.052) 1.780(0.107) 3.314 87.333 2.6857 11.7353 0

G030.865-00.117 18:48:05.1 -01:53:33.8 30.865 -0.117 15.4 0.600(0.030) 1 0.304(0.052) 1.358(0.134) 4.833 101.069 1 0.164(0.053) 0.862(0.134) 5.342 146.809 5.7260 8.6947 8

G030.873-00.091 18:48:00.3 -01:52:26.3 30.873 -0.091 22.2 0.423(0.038) 1 0.612(0.040) 1.788(0.085) 3.300 101.128 1 0.403(0.055) 1.176(0.113) 3.317 148.846 5.7304 8.6891 0

G030.873-00.016 18:47:44.2 -01:50:22.1 30.873 -0.016 20.6 0.151(0.040) 1 0.214(0.045) 0.717(0.096) 2.732 93.857 0 · · · (0.051) · · · (0.129) · · · · · · 5.3146 9.1050 0

G030.875+00.061 18:47:28.1 -01:48:10.8 30.875 +0.061 11.6 0.878(0.028) 1 1.271(0.051) 4.297(0.107) 3.381 75.223 1 0.795(0.047) 2.711(0.098) 3.970 122.162 4.3969 10.0224 8

G030.891+00.142 18:47:12.5 -01:45:05.0 30.891 +0.142 19.5 1.188(0.047) 2 · · · (0.046) · · · (0.180) · · · · · · 2 · · · (0.053) · · · (0.220) · · · · · · · · · · · · 8

G030.895+00.165 18:47:08.0 -01:44:13.9 30.895 +0.165 17.7 1.032(0.039) 1 1.772(0.056) 7.635(0.145) 5.099 105.389 1 1.648(0.048) 7.904(0.122) 4.288 152.682 6.0185 8.3978 0

G030.896-00.008 18:47:45.0 -01:48:57.1 30.896 -0.008 15.4 0.153(0.033) 1 0.335(0.055) 0.982(0.116) 3.014 75.515 0 · · · (0.061) · · · (0.155) · · · · · · 4.4110 10.0052 8

G030.919+00.095 18:47:25.7 -01:44:54.2 30.919 +0.095 15.9 0.591(0.024) 1 0.790(0.057) 2.462(0.121) 3.199 94.285 1 0.394(0.049) 1.271(0.102) 3.916 141.909 5.3406 9.0721 8

G030.930+00.140 18:47:17.3 -01:43:03.3 30.930 +0.140 33.8 0.190(0.035) 0 · · · (0.052) · · · (0.135) · · · · · · 0 · · · (0.059) · · · (0.151) · · · · · · · · · · · · 0

G030.947-00.072 18:48:04.3 -01:47:56.8 30.947 -0.072 16.5 0.293(0.028) 0 · · · (0.051) · · · (0.133) · · · · · · 0 · · · (0.049) · · · (0.123) · · · · · · · · · · · · 0

G030.957+00.088 18:47:31.1 -01:43:02.3 30.957 +0.088 16.6 0.730(0.027) 1 1.412(0.052) 4.543(0.109) 3.852 39.646 1 0.479(0.048) 1.491(0.098) 3.266 87.035 2.6693 11.7376 0

G030.961-00.307 18:48:56.1 -01:53:38.9 30.961 -0.307 17.2 0.112(0.024) 1 0.260(0.062) 0.489(0.093) NaN 81.851 0 · · · (0.062) · · · (0.157) · · · · · · 4.7143 9.6922 0

G030.971-00.138 18:48:21.0 -01:48:29.1 30.971 -0.138 11.1 0.942(0.031) 1 1.905(0.050) 5.281(0.107) 2.957 77.732 1 0.968(0.051) 2.537(0.106) 2.791 124.969 4.5173 9.8876 8

G030.975+00.218 18:47:05.4 -01:38:29.8 30.975 +0.218 19.8 0.571(0.025) 1 0.364(0.047) 1.248(0.100) 3.752 108.092 1 0.173(0.051) 0.490(0.107) 3.060 155.417 6.2488 8.1554 0

G030.986+00.333 18:46:42.1 -01:34:49.4 30.986 +0.333 20.0 0.172(0.025) 0 · · · (0.051) · · · (0.133) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 1
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G030.993+00.238 18:47:03.1 -01:37:00.8 30.993 +0.238 20.5 0.505(0.027) 5 0.439(0.045) 1.366(0.096) 2.891 107.710 0 · · · (0.054) · · · (0.137) · · · · · · 6.2194 8.1822 0

G030.995-00.073 18:48:09.9 -01:45:26.2 30.995 -0.073 17.7 0.554(0.025) 1 1.298(0.050) 4.282(0.105) 3.255 81.650 1 0.630(0.059) 1.982(0.121) 3.491 128.743 4.7053 9.6959 0

G031.009+00.364 18:46:37.9 -01:32:42.1 31.009 +0.364 10.8 0.486(0.032) 2 · · · (0.057) · · · (0.503) · · · · · · 1 0.296(0.057) 0.673(0.118) 1.098 125.545 · · · · · · 0

G031.023+00.266 18:47:00.4 -01:34:37.8 31.023 +0.266 16.8 0.677(0.039) 2 · · · (0.045) · · · (0.095) · · · · · · 1 0.193(0.054) 0.551(0.112) 2.047 143.879 · · · · · · 0

G031.027+00.786 18:45:09.7 -01:20:09.4 31.027 +0.786 20.5 0.221(0.067) 1 0.382(0.053) 0.567(0.079) 1.827 50.753 1 0.204(0.051) 0.318(0.075) 1.097 97.706 3.2326 11.1650 8

G031.043+00.264 18:47:03.0 -01:33:37.9 31.043 +0.264 10.9 0.786(0.040) 2 · · · (0.044) · · · (0.092) · · · · · · 2 · · · (0.050) · · · (0.104) · · · · · · · · · · · · 8

G031.045+00.361 18:46:42.6 -01:30:53.7 31.045 +0.361 22.2 0.715(0.036) 1 1.051(0.052) 3.305(0.111) 2.697 77.169 1 0.830(0.052) 2.139(0.109) 3.161 124.893 4.4919 9.9020 0

G031.067+00.053 18:47:50.9 -01:38:07.7 31.067 +0.053 20.4 0.502(0.037) 1 0.268(0.045) 0.822(0.096) 3.016 39.193 0 · · · (0.046) · · · (0.116) · · · · · · 2.6437 11.7465 0

G031.071+00.227 18:47:14.2 -01:33:08.9 31.071 +0.227 19.8 0.373(0.030) 1 0.264(0.040) 0.712(0.084) 3.099 83.659 0 · · · (0.042) · · · (0.107) · · · · · · 4.8053 9.5845 0

G031.073+00.462 18:46:24.0 -01:26:34.5 31.073 +0.462 19.8 0.535(0.031) 1 0.924(0.052) 4.097(0.136) 6.141 31.208 1 0.425(0.063) 1.946(0.159) 3.701 79.439 2.2110 12.1788 0

G031.087+00.084 18:47:46.3 -01:36:11.9 31.087 +0.084 20.1 0.367(0.031) 0 · · · (0.049) · · · (0.128) · · · · · · 0 · · · (0.052) · · · (0.131) · · · · · · · · · · · · 0

G031.120+00.067 18:47:53.7 -01:34:56.7 31.120 +0.067 18.5 0.420(0.040) 5 0.317(0.052) 1.398(0.135) 6.739 40.489 0 · · · (0.056) · · · (0.142) · · · · · · 2.7109 11.6714 0

G031.129-00.190 18:48:49.5 -01:41:27.3 31.129 -0.190 32.1 0.237(0.025) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.049) · · · (0.123) · · · · · · · · · · · · 0

G031.135+00.015 18:48:06.4 -01:35:33.6 31.135 +0.015 18.4 0.324(0.027) 0 · · · (0.049) · · · (0.127) · · · · · · 0 · · · (0.054) · · · (0.137) · · · · · · · · · · · · 0

G031.145+00.122 18:47:44.5 -01:32:03.5 31.145 +0.122 20.5 0.243(0.025) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.054) · · · (0.138) · · · · · · · · · · · · 0

G031.157+00.050 18:48:01.1 -01:33:24.9 31.157 +0.050 12.6 0.933(0.040) 1 1.465(0.044) 4.019(0.094) 2.496 38.910 1 0.873(0.043) 2.337(0.088) 2.542 86.724 2.6275 11.7492 0

G031.157-00.150 18:48:44.0 -01:38:51.2 31.157 -0.150 9.2 0.377(0.033) 1 0.231(0.043) 0.500(0.091) 2.608 41.742 0 · · · (0.057) · · · (0.143) · · · · · · 2.7757 11.6009 0

G031.179-00.144 18:48:45.1 -01:37:32.3 31.179 -0.144 10.4 0.414(0.029) 0 · · · (0.044) · · · (0.066) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G031.241-00.107 18:48:44.0 -01:33:13.4 31.241 -0.107 22.5 1.163(0.033) 1 0.665(0.042) 3.242(0.109) 5.228 20.303 0 · · · (0.052) · · · (0.131) · · · · · · 1.5711 12.7928 3

G031.249+00.008 18:48:20.3 -01:29:37.4 31.249 +0.008 14.6 0.195(0.033) 1 0.119(0.051) 0.245(0.076) NaN 44.795 0 · · · (0.048) · · · (0.121) · · · · · · 2.9312 11.4314 0

G031.251+00.061 18:48:09.3 -01:28:04.9 31.251 +0.061 109.7 0.820(0.044) 5 0.424(0.046) 1.377(0.098) 4.139 107.040 1 0.247(0.045) 0.586(0.093) 2.061 154.678 6.2163 8.1461 8

G031.259-00.405 18:49:49.7 -01:40:23.9 31.259 -0.405 21.2 0.151(0.025) 1 0.328(0.053) 0.842(0.112) 2.097 110.643 0 · · · (0.062) · · · (0.156) · · · · · · 6.6116 7.7499 0

G031.277+00.498 18:46:38.6 -01:14:43.5 31.277 +0.498 27.4 0.139(0.036) 0 · · · (0.049) · · · (0.128) · · · · · · 0 · · · (0.063) · · · (0.159) · · · · · · · · · · · · 0

G031.279+00.066 18:48:11.2 -01:26:28.0 31.279 +0.066 14.9 2.695(0.042) 5 2.078(0.044) 8.119(0.115) 4.907 107.584 1 1.382(0.046) 5.591(0.117) 4.307 156.065 6.2720 8.0862 3

G031.393-00.253 18:49:32.0 -01:29:04.9 31.393 -0.253 19.7 1.502(0.038) 1 1.611(0.051) 7.663(0.133) 4.936 86.410 1 0.522(0.045) 1.736(0.093) 2.839 133.909 4.9556 9.3852 4

G031.403-00.200 18:49:21.5 -01:27:05.2 31.403 -0.200 17.2 0.182(0.028) 0 · · · (0.042) · · · (0.110) · · · · · · 0 · · · (0.052) · · · (0.131) · · · · · · · · · · · · 0

G031.411+00.310 18:47:33.4 -01:12:44.1 31.411 +0.310 16.9 8.218(0.046) 2 · · · (0.045) · · · (0.151) · · · · · · 1 1.070(0.058) 4.623(0.147) 5.130 143.655 · · · · · · 4

G031.494+00.180 18:48:10.3 -01:11:52.8 31.494 +0.180 19.2 0.244(0.024) 1 0.529(0.055) 1.154(0.082) 1.974 104.176 1 0.247(0.055) 0.635(0.114) 1.302 151.883 6.0260 8.2994 0

G031.572-00.343 18:50:10.5 -01:22:00.8 31.572 -0.343 52.0 0.101(0.023) 0 · · · (0.053) · · · (0.136) · · · · · · 0 · · · (0.060) · · · (0.152) · · · · · · · · · · · · 0

G031.579+00.078 18:48:41.4 -01:10:04.5 31.579 +0.078 10.4 1.512(0.033) 5 2.414(0.056) 12.335(0.144) 6.806 96.292 1 1.524(0.044) 6.719(0.111) 4.512 143.971 5.5071 8.8051 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G031.591-00.194 18:49:40.9 -01:16:53.0 31.591 -0.194 6.7 0.285(0.025) 4 0.523(0.048) 1.655(0.102) 3.763 42.874 1 0.265(0.050) 0.784(0.104) 2.193 90.189 2.8285 11.4819 0

G031.605+00.172 18:48:24.2 -01:06:09.2 31.605 +0.172 11.3 0.111(0.025) 0 · · · (0.058) · · · (0.150) · · · · · · 0 · · · (0.062) · · · (0.157) · · · · · · · · · · · · 0

G031.617+00.144 18:48:31.5 -01:06:14.9 31.617 +0.144 49.8 0.177(0.025) 1 0.427(0.045) 1.015(0.214) 2.108 97.155 0 · · · (0.054) · · · (0.136) · · · · · · 5.5630 8.7434 8

G031.685-00.106 18:49:32.3 -01:09:28.4 31.685 -0.106 12.8 0.201(0.026) 0 · · · (0.047) · · · (0.123) · · · · · · 0 · · · (0.048) · · · (0.122) · · · · · · · · · · · · 1

G031.807-00.092 18:49:42.7 -01:02:34.1 31.807 -0.092 9.0 0.159(0.028) 0 · · · (0.056) · · · (0.144) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G031.871-00.090 18:49:49.3 -00:59:06.4 31.871 -0.090 5.5 0.145(0.027) 1 0.811(0.052) 1.604(0.078) 1.998 101.782 1 0.199(0.063) 0.534(0.129) 2.358 149.054 5.9061 8.3611 0

G031.911-00.243 18:50:26.5 -01:01:10.9 31.911 -0.243 2.6 0.255(0.022) 1 0.384(0.050) 0.785(0.075) 1.860 43.785 0 · · · (0.062) · · · (0.158) · · · · · · 2.8720 11.3892 0

G032.043+00.060 18:49:36.0 -00:45:49.3 32.043 +0.060 7.0 2.503(0.047) 5 3.185(0.061) 14.727(0.157) 5.507 93.804 1 2.667(0.053) 13.826(0.134) 4.569 142.726 5.4010 8.8396 0

G032.117+00.091 18:49:37.7 -00:41:02.1 32.117 +0.091 9.4 0.892(0.033) 1 2.581(0.051) 6.945(0.108) 3.783 96.684 1 1.147(0.058) 3.628(0.119) 3.486 143.648 5.5865 8.6425 0

G032.143-00.065 18:50:13.9 -00:43:54.0 32.143 -0.065 13.9 0.138(0.027) 0 · · · (0.056) · · · (0.144) · · · · · · 0 · · · (0.059) · · · (0.151) · · · · · · · · · · · · 0

G032.149+00.135 18:49:31.8 -00:38:06.7 32.149 +0.135 8.9 1.966(0.035) 5 1.913(0.053) 10.409(0.137) 6.734 93.023 1 1.395(0.055) 6.436(0.139) 4.743 141.090 5.3640 8.8600 0

G032.223+00.098 18:49:47.7 -00:35:09.8 32.223 +0.098 10.4 0.203(0.027) 0 · · · (0.052) · · · (0.135) · · · · · · 0 · · · (0.065) · · · (0.165) · · · · · · · · · · · · 0

G032.271-00.225 18:51:02.1 -00:41:27.4 32.271 -0.225 8.8 0.493(0.027) 1 0.625(0.046) 1.882(0.098) 3.985 22.615 1 0.192(0.060) 0.529(0.125) 4.351 70.544 1.6976 12.5074 0

G032.373+00.083 18:50:07.4 -00:27:35.3 32.373 +0.083 14.6 0.249(0.026) 1 0.527(0.045) 0.840(0.068) 1.710 43.215 0 · · · (0.055) · · · (0.139) · · · · · · 2.8378 11.3512 0

G032.403+00.165 18:49:53.1 -00:23:43.4 32.403 +0.165 2.5 0.150(0.019) 1 0.247(0.053) 0.692(0.113) 2.349 45.290 0 · · · (0.063) · · · (0.159) · · · · · · 2.9446 11.2396 0

G032.423+00.083 18:50:12.9 -00:24:54.0 32.423 +0.083 5.8 0.396(0.026) 1 0.880(0.047) 2.436(0.100) 3.241 42.085 1 0.287(0.059) 0.866(0.122) 2.985 89.147 2.7785 11.4026 0

G032.451+00.156 18:50:00.2 -00:21:24.6 32.451 +0.156 7.4 0.272(0.019) 1 0.596(0.048) 1.854(0.101) 3.447 44.166 1 0.367(0.059) 0.975(0.122) 1.942 91.945 2.8864 11.2904 0

G032.473+00.205 18:49:52.3 -00:18:53.9 32.473 +0.205 1.9 0.861(0.027) 1 1.139(0.059) 5.164(0.152) 4.827 49.473 1 0.937(0.061) 2.670(0.126) 3.752 97.331 3.1573 11.0160 0

G032.629-00.140 18:51:23.0 -00:19:59.5 32.629 -0.140 8.0 0.166(0.024) 0 · · · (0.047) · · · (0.123) · · · · · · 0 · · · (0.052) · · · (0.131) · · · · · · · · · · · · 0

G032.657+00.011 18:50:53.9 -00:14:22.3 32.657 +0.011 37.2 0.133(0.025) 0 · · · (0.049) · · · (0.127) · · · · · · 0 · · · (0.066) · · · (0.168) · · · · · · · · · · · · 0

G032.739+00.194 18:50:23.7 -00:05:00.2 32.739 +0.194 5.1 0.644(0.029) 5 0.652(0.039) 2.550(0.082) 4.458 19.407 1 0.447(0.050) 1.131(0.104) 3.546 66.757 1.4976 12.6337 0

G032.745-00.074 18:51:21.6 -00:11:59.6 32.745 -0.074 5.4 1.820(0.027) 5 1.893(0.041) 12.129(0.124) 8.595 37.096 1 1.229(0.054) 6.495(0.137) 5.692 85.156 2.5110 11.6192 0

G032.769-00.182 18:51:47.2 -00:13:40.6 32.769 -0.182 5.0 0.431(0.024) 1 0.287(0.055) 1.295(0.144) 4.928 80.780 1 0.369(0.053) 1.482(0.134) 7.586 128.367 4.7268 9.3997 0

G032.799+00.192 18:50:30.6 -00:01:51.3 32.799 +0.192 4.0 4.637(0.039) 4 2.634(0.054) 22.492(0.179) 11.327 15.344 4 1.167(0.048) 5.072(0.121) 5.816 65.237 1.2430 12.8788 0

G032.821-00.330 18:52:24.5 -00:14:55.8 32.821 -0.330 1.1 0.853(0.031) 1 1.661(0.053) 4.991(0.112) 4.335 80.020 1 1.104(0.061) 4.487(0.154) 4.696 127.038 4.6894 9.4290 0

G032.829-00.082 18:51:32.4 -00:07:44.1 32.829 -0.082 2.4 0.356(0.026) 1 0.734(0.052) 2.308(0.110) 2.934 98.921 1 0.319(0.057) 0.936(0.118) 1.557 146.418 5.8439 8.2731 8

G032.839+00.356 18:50:00.1 +00:04:47.4 32.839 +0.356 20.3 0.156(0.020) 0 · · · (0.043) · · · (0.110) · · · · · · 0 · · · (0.057) · · · (0.143) · · · · · · · · · · · · 0

G032.875+00.338 18:50:07.8 +00:06:12.2 32.875 +0.338 3.4 0.159(0.025) 2 · · · (0.052) · · · (0.078) · · · · · · 0 · · · (0.065) · · · (0.135) · · · · · · · · · · · · 8

G032.979-00.072 18:51:46.7 +00:00:32.5 32.979 -0.072 11.9 0.199(0.026) 0 · · · (0.051) · · · (0.132) · · · · · · 0 · · · (0.046) · · · (0.117) · · · · · · · · · · · · 0

G032.993+00.036 18:51:25.1 +00:04:15.0 32.993 +0.036 4.4 1.108(0.030) 1 1.638(0.057) 6.058(0.121) 4.380 83.019 1 1.218(0.049) 4.091(0.101) 3.844 130.742 4.8578 9.2330 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+ ) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G033.023-00.368 18:52:54.8 -00:05:10.6 33.023 -0.368 0.8 0.596(0.024) 5 1.245(0.054) 5.346(0.139) 4.820 50.139 1 0.674(0.051) 2.793(0.131) 4.141 97.671 3.1896 10.8967 0

G033.101+00.068 18:51:30.1 +00:10:53.0 33.101 +0.068 4.0 0.648(0.030) 1 0.597(0.057) 1.634(0.120) 3.032 83.336 1 0.202(0.054) 0.565(0.112) 2.035 130.990 4.8814 9.1922 0

G033.133-00.092 18:52:07.9 +00:08:13.8 33.133 -0.092 1.9 1.800(0.032) 5 1.479(0.050) 8.274(0.151) 7.592 77.099 1 1.090(0.046) 4.711(0.116) 4.521 123.827 4.5494 9.5190 0

G033.207-00.007 18:51:57.9 +00:14:28.5 33.207 -0.007 7.1 0.703(0.037) 1 0.828(0.057) 2.740(0.120) 3.590 100.075 1 0.504(0.053) 1.658(0.110) 3.713 147.532 6.0174 8.0392 0

G033.237-00.020 18:52:03.9 +00:15:46.0 33.237 -0.020 6.4 0.762(0.039) 1 0.775(0.047) 2.805(0.100) 3.518 100.223 1 0.662(0.048) 2.219(0.098) 3.536 147.648 6.0385 8.0131 8

G033.255+00.171 18:51:25.2 +00:21:56.7 33.255 +0.171 21.0 0.131(0.024) 0 · · · (0.044) · · · (0.114) · · · · · · 0 · · · (0.050) · · · (0.127) · · · · · · · · · · · · 0

G033.265+00.068 18:51:48.2 +00:19:38.2 33.265 +0.068 3.2 0.693(0.026) 1 0.670(0.040) 2.260(0.084) 3.423 98.666 1 0.657(0.061) 2.128(0.127) 3.955 146.100 5.9029 8.1443 0

G033.287-00.019 18:52:09.2 +00:18:26.7 33.287 -0.019 5.6 0.338(0.037) 1 1.220(0.042) 3.584(0.090) 3.121 99.151 1 0.274(0.044) 0.831(0.092) 3.428 146.870 5.9501 8.0935 0

G033.388-00.290 18:53:18.0 +00:16:23.6 33.388 -0.290 16.4 0.139(0.023) 0 · · · (0.042) · · · (0.109) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G033.393+00.010 18:52:14.5 +00:24:54.5 33.393 +0.010 9.1 1.178(0.038) 2 · · · (0.042) · · · (0.109) · · · · · · 1 1.506(0.049) 4.718(0.102) 3.020 151.141 · · · · · · 0

G033.417-00.004 18:52:20.1 +00:25:49.2 33.417 -0.004 8.9 0.824(0.047) 1 1.840(0.048) 6.822(0.102) 4.051 75.011 1 1.529(0.051) 5.033(0.105) 4.110 122.863 4.4513 9.5714 0

G033.458-00.178 18:53:01.8 +00:23:13.6 33.458 -0.178 9.2 0.161(0.031) 0 · · · (0.041) · · · (0.105) · · · · · · 0 · · · (0.051) · · · (0.128) · · · · · · · · · · · · 0

G033.514+00.177 18:51:52.2 +00:35:54.5 33.514 +0.177 12.5 0.126(0.033) 1 0.243(0.048) 0.477(0.072) 1.831 66.352 0 · · · (0.048) · · · (0.123) · · · · · · 4.0097 9.9974 0

G033.558-00.043 18:52:44.0 +00:32:13.8 33.558 -0.043 14.9 0.179(0.033) 1 0.251(0.042) 0.638(0.090) 3.658 102.961 0 · · · (0.054) · · · (0.136) · · · · · · 6.4889 7.5110 0

G033.622+00.159 18:52:07.9 +00:41:10.2 33.622 +0.159 32.6 0.196(0.032) 1 0.225(0.049) 0.757(0.104) 3.722 94.020 0 · · · (0.045) · · · (0.113) · · · · · · 5.5942 8.3954 0

G033.642-00.229 18:53:32.7 +00:31:38.2 33.642 -0.229 3.6 0.522(0.031) 1 1.534(0.044) 4.808(0.092) 3.529 61.912 1 0.876(0.049) 2.958(0.102) 3.674 109.143 3.7873 10.1991 0

G033.652-00.027 18:52:50.7 +00:37:41.7 33.652 -0.027 7.5 0.921(0.048) 5 1.081(0.038) 3.481(0.081) 3.764 103.724 1 0.887(0.056) 2.729(0.116) 3.074 151.647 6.7441 7.2406 8

G033.686+00.304 18:51:43.7 +00:48:34.9 33.686 +0.304 9.6 0.220(0.028) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.054) · · · (0.138) · · · · · · · · · · · · 0

G033.726-00.119 18:53:18.7 +00:39:08.1 33.726 -0.119 4.6 0.128(0.035) 1 0.348(0.040) 1.086(0.084) 3.197 51.214 1 0.141(0.047) 0.459(0.098) 1.289 98.666 3.2444 10.7283 0

G033.740-00.019 18:52:58.6 +00:42:36.7 33.740 -0.019 7.4 1.000(0.045) 5 1.677(0.057) 4.981(0.120) 3.246 104.712 1 1.474(0.049) 6.712(0.123) 4.284 153.230 6.9852 6.9852 8

G033.810-00.187 18:53:42.3 +00:41:45.8 33.810 -0.187 2.5 0.778(0.032) 1 2.395(0.043) 8.360(0.092) 3.767 46.150 1 0.538(0.053) 1.745(0.109) 1.992 93.703 2.9829 10.9761 0

G033.818-00.215 18:53:49.2 +00:41:25.9 33.818 -0.215 2.2 0.227(0.035) 1 0.470(0.066) 0.813(0.099) 1.878 47.727 0 · · · (0.039) · · · (0.099) · · · · · · 3.0648 10.8929 8

G033.916+00.109 18:52:50.6 +00:55:31.1 33.916 +0.109 8.2 3.322(0.042) 1 5.062(0.040) 18.733(0.084) 4.566 108.016 1 3.547(0.050) 9.712(0.104) 4.149 155.111 6.9708 6.9708 3

G033.980-00.021 18:53:25.3 +00:55:24.0 33.980 -0.021 6.5 0.572(0.032) 5 0.901(0.040) 3.496(0.103) 4.771 61.088 1 0.671(0.051) 2.228(0.105) 4.184 109.210 3.7502 10.1809 0

G034.018-00.140 18:53:54.9 +00:54:09.8 34.018 -0.140 4.1 0.138(0.034) 1 0.350(0.040) 0.720(0.061) 1.959 91.801 1 0.210(0.045) 0.366(0.066) 1.108 139.256 5.4878 8.4372 0

G034.045+00.057 18:53:16.0 +01:00:59.2 34.045 +0.057 3.8 0.277(0.034) 1 0.259(0.041) 0.842(0.087) 2.635 36.186 0 · · · (0.047) · · · (0.119) · · · · · · 2.4513 11.4692 0

G034.093+00.015 18:53:30.1 +01:02:26.5 34.093 +0.015 3.8 1.015(0.036) 5 0.593(0.049) 3.929(0.148) 8.886 57.571 1 0.624(0.047) 2.620(0.119) 4.774 105.815 3.5719 10.3406 0

G034.133+00.470 18:51:57.2 +01:17:00.9 34.133 +0.470 5.6 0.843(0.040) 1 1.439(0.045) 6.637(0.117) 4.795 35.253 1 0.218(0.056) 1.005(0.142) 3.222 82.309 2.3996 11.5069 0

G034.140-00.109 18:54:01.7 +01:01:30.7 34.140 -0.109 27.9 0.151(0.027) 0 · · · (0.042) · · · (0.109) · · · · · · 0 · · · (0.047) · · · (0.119) · · · · · · · · · · · · 0

G034.170+00.089 18:53:22.8 +01:08:31.8 34.170 +0.089 6.1 0.315(0.037) 1 0.549(0.046) 0.911(0.069) 1.713 56.749 0 · · · (0.046) · · · (0.117) · · · · · · 3.5306 10.3694 8
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+ ) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G034.193-00.595 18:55:51.3 +00:51:04.7 34.193 -0.595 9.3 0.619(0.050) 1 1.397(0.044) 4.986(0.093) 4.232 58.218 1 0.770(0.048) 2.708(0.099) 4.212 105.556 3.6069 10.2899 0

G034.198-00.177 18:54:22.6 +01:02:45.1 34.198 -0.177 42.9 0.165(0.029) 0 · · · (0.039) · · · (0.102) · · · · · · 0 · · · (0.043) · · · (0.108) · · · · · · · · · · · · 0

G034.213+00.106 18:53:23.7 +01:11:18.0 34.213 +0.106 42.7 0.471(0.051) 1 0.931(0.039) 2.549(0.083) 2.648 57.820 1 0.597(0.042) 1.680(0.087) 3.468 105.581 3.5861 10.3068 0

G034.258+00.153 18:53:18.6 +01:15:00.1 34.258 +0.153 1.6 27.734(0.072) 2 · · · (0.044) · · · (0.113) · · · · · · 2 · · · (0.055) · · · (0.161) · · · · · · · · · · · · 4

G034.284+00.183 18:53:15.0 +01:17:11.6 34.284 +0.183 2.8 0.466(0.060) 5 2.722(0.041) 10.021(0.087) 4.259 56.247 1 1.403(0.044) 3.994(0.091) 3.166 103.677 3.5060 10.3753 0

G034.370+00.201 18:53:20.6 +01:22:17.7 34.370 +0.201 1.6 0.524(0.048) 1 0.730(0.043) 2.108(0.091) 2.103 57.165 1 0.353(0.040) 0.794(0.083) 3.193 104.712 3.5542 10.3127 8

G034.412+00.233 18:53:18.4 +01:25:24.1 34.412 +0.233 8.1 4.990(0.055) 2 · · · (0.040) · · · (0.103) · · · · · · 1 5.863(0.050) 29.981(0.128) 3.941 105.234 · · · · · · 0

G034.456+00.005 18:54:11.9 +01:21:30.3 34.456 +0.005 4.5 0.647(0.029) 5 1.473(0.043) 7.320(0.110) 5.807 89.640 5 1.114(0.045) 6.130(0.115) 4.370 137.413 5.3902 8.4625 8

G034.460+00.249 18:53:20.3 +01:28:23.5 34.460 +0.249 7.1 1.132(0.048) 1 2.927(0.042) 12.914(0.109) 5.376 59.804 1 2.661(0.048) 9.234(0.099) 4.126 107.205 3.6918 10.1604 0

G034.553-00.475 18:56:05.2 +01:13:34.9 34.553 -0.475 11.6 0.210(0.030) 1 0.369(0.127) 0.696(0.191) 1.409 32.348 0 · · · (0.154) · · · (0.391) · · · · · · 2.2368 11.6001 0

G034.626-00.131 18:54:59.6 +01:26:52.1 34.626 -0.131 7.7 0.307(0.030) 0 · · · (0.099) · · · (0.257) · · · · · · 0 · · · (0.133) · · · (0.336) · · · · · · · · · · · · 0

G034.628-00.023 18:54:36.7 +01:29:56.6 34.628 -0.023 11.3 0.212(0.034) 0 · · · (0.130) · · · (0.336) · · · · · · 0 · · · (0.142) · · · (0.361) · · · · · · · · · · · · 0

G034.630+00.029 18:54:26.0 +01:31:28.8 34.630 +0.029 12.2 0.207(0.029) 0 · · · (0.107) · · · (0.278) · · · · · · 0 · · · (0.123) · · · (0.311) · · · · · · · · · · · · 0

G034.712-00.595 18:56:48.2 +01:18:45.6 34.712 -0.595 5.6 1.088(0.071) 5 1.565(0.109) 10.183(0.363) 10.552 42.967 1 1.192(0.152) 3.745(0.315) 4.493 92.328 2.8151 10.9957 0

G034.724-00.441 18:56:16.7 +01:23:37.2 34.724 -0.441 10.4 0.122(0.030) 0 · · · (0.091) · · · (0.237) · · · · · · 0 · · · (0.135) · · · (0.341) · · · · · · · · · · · · 0

G034.731+00.067 18:54:29.0 +01:37:55.2 34.731 +0.067 18.0 0.267(0.031) 0 · · · (0.100) · · · (0.258) · · · · · · 0 · · · (0.149) · · · (0.379) · · · · · · · · · · · · 0

G034.739-00.121 18:55:09.9 +01:33:11.8 34.739 -0.121 13.5 0.432(0.031) 1 0.620(0.100) 1.772(0.211) 3.109 79.135 0 · · · (0.123) · · · (0.312) · · · · · · 4.7462 9.0593 8

G034.752-00.093 18:55:05.2 +01:34:37.2 34.752 -0.093 3.6 0.336(0.031) 1 1.173(0.105) 3.005(0.221) 2.990 51.663 1 0.664(0.135) 2.250(0.279) 4.517 98.847 3.2728 10.5306 0

G034.756+00.025 18:54:40.6 +01:38:05.3 34.756 +0.025 4.9 0.534(0.034) 1 1.362(0.122) 4.234(0.258) 3.422 76.269 1 0.883(0.140) 2.241(0.289) 3.614 124.742 4.5819 9.2208 0

G034.782-00.563 18:56:49.0 +01:23:21.6 34.782 -0.563 6.6 0.502(0.042) 1 0.954(0.125) 2.313(0.265) 3.400 41.348 1 0.500(0.146) 1.589(0.303) 3.910 89.324 2.7284 11.0706 8

G034.820+00.349 18:53:38.3 +01:50:22.2 34.820 +0.349 2.0 1.504(0.047) 1 3.907(0.105) 13.014(0.221) 4.108 56.950 1 2.437(0.129) 8.208(0.267) 2.053 104.799 3.5491 10.2431 0

G034.830+00.454 18:53:17.1 +01:53:45.9 34.830 +0.454 8.0 0.237(0.031) 0 · · · (0.081) · · · (0.211) · · · · · · 0 · · · (0.123) · · · (0.313) · · · · · · · · · · · · 0

G035.026+00.349 18:54:00.8 +02:01:21.8 35.026 +0.349 2.3 1.898(0.039) 5 3.891(0.039) 24.301(0.276) 7.509 52.926 1 1.219(0.043) 5.979(0.109) 4.414 100.613 3.3414 10.4163 0

G035.046-00.477 18:56:59.6 +01:39:48.2 35.046 -0.477 5.0 0.658(0.047) 1 0.954(0.043) 2.535(0.195) 3.563 51.198 1 0.396(0.040) 1.086(0.083) 3.258 98.407 3.2513 10.5032 0

G035.047+00.327 18:54:07.9 +02:01:54.2 35.047 +0.327 22.4 0.384(0.038) 1 0.599(0.048) 1.459(0.101) 2.226 51.726 0 · · · (0.051) · · · (0.129) · · · · · · 3.2786 10.4754 0

G035.052-00.517 18:57:08.8 +01:39:02.1 35.052 -0.517 3.8 0.703(0.054) 1 1.350(0.044) 3.759(0.206) 3.554 50.606 1 0.568(0.057) 1.810(0.118) 3.578 97.546 3.2203 10.5333 0

G035.069-00.465 18:56:59.5 +01:41:24.8 35.069 -0.465 8.7 0.451(0.038) 0 · · · (0.055) · · · (0.143) · · · · · · 0 · · · (0.054) · · · (0.137) · · · · · · · · · · · · 0

G035.116-00.367 18:56:43.8 +01:46:34.8 35.116 -0.367 2.9 0.168(0.033) 0 · · · (0.052) · · · (0.136) · · · · · · 0 · · · (0.054) · · · (0.138) · · · · · · · · · · · · 1

G035.186+00.317 18:54:25.3 +02:09:01.7 35.186 +0.317 27.7 0.157(0.031) 0 · · · (0.045) · · · (0.117) · · · · · · 0 · · · (0.059) · · · (0.150) · · · · · · · · · · · · 0

G035.227-00.359 18:56:54.2 +01:52:43.7 35.227 -0.359 5.2 0.515(0.037) 5 1.106(0.044) 5.425(0.209) 6.261 52.410 1 1.052(0.042) 5.375(0.106) 5.476 99.834 3.3168 10.4069 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+ ) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G035.284+00.149 18:55:11.9 +02:09:40.5 35.284 +0.149 9.6 0.164(0.028) 0 · · · (0.040) · · · (0.104) · · · · · · 0 · · · (0.052) · · · (0.132) · · · · · · · · · · · · 0

G035.440+00.281 18:55:00.8 +02:21:36.6 35.440 +0.281 27.8 0.160(0.032) 1 0.647(0.050) 1.928(0.106) 2.777 48.427 1 0.273(0.050) 0.778(0.104) 3.947 96.033 3.1076 10.5799 0

G035.440+00.193 18:55:19.6 +02:19:13.6 35.440 +0.193 11.7 0.117(0.037) 1 0.229(0.047) 0.642(0.099) 3.615 55.622 0 · · · (0.063) · · · (0.092) · · · · · · 3.4891 10.1983 0

G035.443-00.010 18:56:03.4 +02:13:48.8 35.443 -0.010 4.0 0.206(0.043) 1 0.876(0.046) 2.928(0.098) 3.765 94.938 1 0.390(0.066) 1.245(0.137) 3.452 142.308 6.0859 7.6009 8

G035.452+00.237 18:55:11.5 +02:21:04.2 35.452 +0.237 5.2 0.429(0.030) 1 0.340(0.048) 1.033(0.228) 2.406 49.202 0 · · · (0.045) · · · (0.115) · · · · · · 3.1489 10.5364 8

G035.453-00.295 18:57:05.4 +02:06:33.9 35.453 -0.295 5.2 0.316(0.043) 1 1.129(0.051) 3.629(0.109) 3.423 55.342 1 0.735(0.047) 2.358(0.097) 2.789 102.849 3.4747 10.2105 0

G035.466+00.139 18:55:34.0 +02:19:07.3 35.466 +0.139 4.7 1.956(0.054) 1 3.562(0.049) 12.752(0.260) 3.873 77.173 1 2.564(0.047) 8.914(0.097) 3.743 124.313 4.6798 9.0032 0

G035.486-00.291 18:57:08.0 +02:08:22.6 35.486 -0.291 36.4 0.581(0.045) 5 1.210(0.041) 4.333(0.193) 3.843 44.019 1 0.535(0.061) 1.362(0.125) 4.058 92.396 2.8727 10.8071 0

G035.499-00.017 18:56:11.0 +02:16:37.4 35.499 -0.017 5.7 0.647(0.043) 1 0.502(0.044) 1.797(0.209) 3.859 58.360 1 0.169(0.049) 0.557(0.102) 3.106 105.123 3.6356 10.0417 0

G035.523-00.273 18:57:08.3 +02:10:54.2 35.523 -0.273 6.2 0.559(0.040) 1 1.450(0.053) 3.978(0.112) 2.645 45.650 1 0.696(0.046) 1.750(0.095) 1.965 92.994 2.9603 10.7130 8

G035.524-00.139 18:56:39.8 +02:14:36.8 35.524 -0.139 7.4 0.206(0.031) 0 · · · (0.040) · · · (0.084) · · · · · · 0 · · · (0.049) · · · (0.124) · · · · · · · · · · · · 0

G035.568+00.152 18:55:42.3 +02:24:55.0 35.568 +0.152 5.8 0.143(0.038) 1 0.494(0.038) 0.757(0.058) 1.469 83.418 1 0.158(0.041) 0.676(0.160) 0.500 124.244 5.0875 8.5781 8

G035.576+00.067 18:56:01.5 +02:22:58.7 35.576 +0.067 3.8 1.561(0.047) 1 1.465(0.048) 6.726(0.125) 6.642 49.569 1 1.229(0.049) 4.981(0.124) 4.707 97.344 3.1696 10.4946 3

G035.578-00.032 18:56:22.7 +02:20:24.1 35.578 -0.032 5.0 2.411(0.051) 1 3.167(0.047) 18.562(0.141) 7.502 52.937 1 0.579(0.051) 2.590(0.130) 5.297 100.094 3.3488 10.3151 4

G035.579+00.007 18:56:14.7 +02:21:32.8 35.579 +0.007 4.8 1.152(0.044) 4 1.166(0.048) 5.689(0.124) 6.263 53.856 1 0.422(0.058) 2.092(0.148) 6.606 101.753 3.3976 10.2660 0

G035.592-00.123 18:56:43.8 +02:18:40.0 35.592 -0.123 14.4 0.271(0.037) 1 0.371(0.042) 1.044(0.089) 2.277 53.811 0 · · · (0.049) · · · (0.123) · · · · · · 3.3955 10.2660 0

G035.600-00.543 18:58:14.4 +02:07:33.9 35.600 -0.543 11.8 0.115(0.051) 1 0.564(0.042) 1.376(0.088) 2.549 55.569 0 · · · (0.052) · · · (0.131) · · · · · · 3.4896 10.1712 0

G035.602-00.229 18:57:07.6 +02:16:16.0 35.602 -0.229 4.0 0.296(0.027) 1 0.840(0.039) 2.365(0.082) 3.040 45.500 1 0.371(0.048) 0.608(0.070) 0.910 92.734 2.9527 10.7072 8

G035.604-00.205 18:57:02.5 +02:17:03.5 35.604 -0.205 7.8 0.342(0.032) 1 0.749(0.044) 2.362(0.093) 3.619 50.254 1 0.247(0.043) 0.681(0.090) 2.450 97.363 3.2066 10.4530 0

G035.604+00.221 18:55:31.6 +02:28:43.5 35.604 +0.221 6.7 0.290(0.031) 1 0.708(0.039) 2.779(0.101) 4.601 49.965 1 0.390(0.055) 1.209(0.114) 3.568 97.680 3.1910 10.4685 0

G035.606-00.255 18:57:13.5 +02:15:47.3 35.606 -0.255 5.5 0.375(0.031) 1 0.763(0.045) 1.970(0.095) 2.224 44.048 0 · · · (0.057) · · · (0.144) · · · · · · 2.8747 10.7845 8

G035.682-00.177 18:57:05.1 +02:21:58.6 35.682 -0.177 3.5 0.761(0.033) 1 1.960(0.054) 5.964(0.114) 2.469 27.962 1 1.231(0.052) 3.422(0.108) 2.291 75.354 1.9822 11.6640 8

G035.722-00.213 18:57:17.2 +02:23:10.3 35.722 -0.213 14.0 0.129(0.030) 1 0.462(0.044) 1.385(0.092) 2.842 55.834 0 · · · (0.045) · · · (0.065) · · · · · · 3.5055 10.1337 0

G035.750+00.151 18:56:02.4 +02:34:35.9 35.750 +0.151 2.8 0.985(0.033) 5 1.433(0.040) 6.769(0.103) 5.693 84.367 1 1.236(0.045) 4.286(0.093) 3.864 131.298 5.1753 8.4593 8

G035.793-00.175 18:57:17.0 +02:27:58.8 35.793 -0.175 5.7 1.053(0.034) 5 1.313(0.056) 6.475(0.168) 8.405 62.470 1 0.843(0.048) 3.685(0.121) 4.737 108.961 3.8640 9.7631 0

G035.794+00.236 18:55:49.1 +02:39:16.4 35.794 +0.236 9.7 0.257(0.031) 1 0.157(0.035) 0.425(0.074) 2.281 29.782 0 · · · (0.045) · · · (0.114) · · · · · · 2.0860 11.5411 0

G035.826-00.202 18:57:26.2 +02:28:59.5 35.826 -0.202 10.8 0.376(0.029) 1 1.229(0.044) 2.008(0.066) 1.751 28.616 1 0.436(0.045) 0.767(0.066) 1.651 75.840 2.0194 11.6021 0

G035.826-00.037 18:56:51.1 +02:33:30.2 35.826 -0.037 3.9 0.148(0.032) 1 0.464(0.038) 1.215(0.080) 2.886 51.610 1 0.181(0.046) 0.484(0.095) 2.437 98.272 3.2815 10.3399 0

G036.376-00.017 18:57:47.1 +03:03:25.5 36.376 -0.017 19.2 0.147(0.025) 1 0.549(0.034) 0.731(0.051) 1.153 29.569 0 · · · (0.051) · · · (0.129) · · · · · · 2.0727 11.4537 0

G036.406+00.019 18:57:42.6 +03:06:00.3 36.406 +0.019 2.7 0.716(0.028) 1 2.024(0.038) 10.707(0.100) 6.091 58.380 1 1.030(0.036) 5.312(0.091) 5.307 105.784 3.6586 9.8627 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+ ) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G036.706+00.093 18:57:59.9 +03:24:03.1 36.706 +0.093 7.6 0.224(0.036) 1 0.519(0.042) 1.162(0.089) 2.170 60.066 1 0.203(0.042) 0.561(0.087) 1.270 107.854 3.7607 9.7081 0

G036.794-00.205 18:59:13.3 +03:20:34.2 36.794 -0.205 8.9 0.320(0.038) 1 0.377(0.048) 1.322(0.101) 3.203 78.168 1 0.161(0.055) 0.442(0.113) 3.570 126.243 4.8579 8.5955 8

G036.842-00.023 18:58:39.6 +03:28:06.1 36.842 -0.023 6.2 0.514(0.040) 5 0.970(0.037) 5.135(0.112) 7.155 58.152 1 0.898(0.050) 4.329(0.128) 4.615 105.962 3.6585 9.7865 0

G036.880-00.475 19:00:20.3 +03:17:45.4 36.880 -0.475 2.8 0.380(0.034) 1 1.729(0.047) 5.148(0.099) 3.900 61.431 1 1.259(0.045) 3.812(0.093) 3.399 108.836 3.8438 9.5949 0

G036.900-00.135 18:59:09.8 +03:28:08.7 36.900 -0.135 5.1 0.184(0.035) 1 0.263(0.043) 0.681(0.090) 2.385 78.946 1 0.200(0.043) 0.348(0.062) 1.203 125.648 4.9235 8.5113 0

G036.902-00.411 19:00:09.1 +03:20:42.1 36.902 -0.411 6.6 0.359(0.036) 1 1.351(0.046) 3.296(0.097) 2.286 79.396 1 0.750(0.042) 2.193(0.086) 3.760 127.505 4.9563 8.4784 8

G037.044-00.035 18:59:04.2 +03:38:33.9 37.044 -0.035 4.5 0.648(0.042) 1 0.964(0.059) 3.427(0.126) 4.061 81.562 1 0.681(0.054) 2.115(0.112) 3.499 128.378 5.1361 8.2733 0

G037.266-00.077 18:59:37.8 +03:49:17.2 37.266 -0.077 10.7 0.253(0.038) 1 0.429(0.047) 1.204(0.100) 2.752 44.398 0 · · · (0.056) · · · (0.141) · · · · · · 2.9077 10.4622 0

G037.268+00.081 18:59:04.1 +03:53:43.0 37.268 +0.081 2.8 0.895(0.039) 1 1.951(0.045) 5.782(0.096) 2.832 90.718 1 1.471(0.055) 4.834(0.115) 4.059 138.741 6.2679 7.1018 8

G037.322+00.163 18:58:52.5 +03:58:50.1 37.322 +0.163 5.9 0.234(0.037) 1 0.345(0.052) 0.613(0.078) 1.952 92.317 1 0.191(0.056) 1.224(0.202) 8.672 142.231 6.6801 6.6801 6

G037.343-00.061 18:59:42.8 +03:53:51.1 37.343 -0.061 6.2 0.644(0.035) 1 1.212(0.046) 3.648(0.098) 2.855 55.696 1 0.383(0.051) 1.479(0.130) 4.546 103.122 3.5364 9.8199 0

G037.372-00.235 19:00:23.2 +03:50:36.2 37.372 -0.235 4.3 0.637(0.039) 1 0.673(0.053) 2.122(0.111) 3.386 40.456 1 0.333(0.048) 1.021(0.099) 2.113 88.183 2.6899 10.6614 0

G037.478-00.103 19:00:06.7 +03:59:51.9 37.478 -0.103 9.6 0.439(0.056) 1 1.563(0.046) 4.844(0.098) 3.528 58.651 1 0.801(0.061) 2.478(0.126) 3.204 106.170 3.7078 9.6245 0

G037.492+00.151 18:59:13.8 +04:07:35.5 37.492 +0.151 3.3 0.164(0.042) 1 0.492(0.058) 0.851(0.086) 1.164 18.184 0 · · · (0.069) · · · (0.176) · · · · · · 1.3953 11.9345 8

G037.547-00.111 19:00:15.9 +04:03:18.7 37.547 -0.111 5.5 1.075(0.045) 1 1.883(0.054) 8.411(0.140) 4.998 52.727 1 0.654(0.047) 2.103(0.098) 3.464 99.335 3.3756 9.9445 3

G037.555+00.201 18:59:10.0 +04:12:18.4 37.555 +0.201 5.2 1.566(0.058) 5 2.136(0.058) 9.380(0.174) 8.965 86.697 1 1.345(0.053) 6.183(0.135) 4.607 132.848 5.7292 7.5895 0

G037.599+00.425 18:58:26.9 +04:20:48.4 37.599 +0.425 2.7 0.433(0.036) 1 1.610(0.061) 5.044(0.128) 2.993 89.842 1 0.748(0.066) 2.340(0.136) 3.617 137.238 6.3054 7.0057 0

G037.603+00.219 18:59:11.4 +04:15:22.8 37.603 +0.219 8.0 0.198(0.047) 0 · · · (0.051) · · · (0.133) · · · · · · 0 · · · (0.061) · · · (0.155) · · · · · · · · · · · · 0

G037.736-00.113 19:00:37.1 +04:13:23.3 37.736 -0.113 5.0 1.198(0.045) 5 1.481(0.046) 9.503(0.139) 7.525 45.638 1 1.295(0.052) 6.094(0.133) 4.789 93.528 2.9834 10.3027 0

G037.763-00.265 19:01:12.5 +04:10:37.9 37.763 -0.265 174.2 0.141(0.050) 0 · · · (0.062) · · · (0.160) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G037.766-00.217 19:01:02.7 +04:12:08.5 37.766 -0.217 3.6 1.814(0.052) 1 1.612(0.056) 10.558(0.168) 7.111 64.228 1 1.619(0.057) 7.446(0.143) 4.754 112.008 4.0459 9.2348 3

G037.819-00.383 19:01:43.9 +04:10:22.4 37.819 -0.383 4.2 0.618(0.040) 1 0.647(0.066) 2.829(0.170) 5.150 67.043 1 0.622(0.059) 1.984(0.123) 3.575 114.060 4.2206 9.0509 0

G037.822+00.413 18:58:54.0 +04:32:23.6 37.822 +0.413 5.6 1.023(0.050) 4 1.166(0.048) 6.866(0.145) 7.909 16.692 1 0.432(0.065) 1.907(0.165) 4.890 65.169 1.3027 11.9683 0

G037.874-00.401 19:01:53.9 +04:12:51.6 37.874 -0.401 4.7 3.253(0.065) 4 2.942(0.059) 17.972(0.176) 7.424 60.338 1 0.618(0.056) 2.870(0.143) 5.071 108.803 3.8212 9.4403 3

G038.016-00.012 19:00:46.4 +04:31:03.7 38.016 -0.012 13.1 0.194(0.043) 0 · · · (0.064) · · · (0.096) · · · · · · 0 · · · (0.046) · · · (0.116) · · · · · · · · · · · · 0

G038.041-00.298 19:01:50.4 +04:24:32.1 38.041 -0.298 6.4 0.274(0.041) 1 0.846(0.053) 3.931(0.137) 4.731 62.561 1 0.386(0.055) 1.031(0.114) 2.206 110.047 3.9606 9.2709 0

G038.051-00.121 19:01:13.6 +04:29:56.1 38.051 -0.121 226.6 0.131(0.045) 0 · · · (0.047) · · · (0.122) · · · · · · 0 · · · (0.065) · · · (0.166) · · · · · · · · · · · · 0

G038.120-00.231 19:01:44.7 +04:30:38.8 38.120 -0.231 5.5 0.416(0.044) 1 1.299(0.059) 4.118(0.124) 3.329 83.371 1 0.943(0.062) 3.063(0.128) 3.479 130.661 5.5013 7.7156 0

G038.203-00.069 19:01:19.1 +04:39:29.3 38.203 -0.069 3.8 0.633(0.044) 5 1.090(0.047) 5.429(0.122) 6.798 82.859 1 1.360(0.055) 6.138(0.141) 4.713 130.813 5.4662 7.7357 0

G038.335-00.217 19:02:05.3 +04:42:27.6 38.335 -0.217 5.9 0.249(0.043) 1 0.345(0.051) 1.298(0.108) 4.430 66.141 0 · · · (0.064) · · · (0.093) · · · · · · 4.1980 8.9800 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G038.373-00.149 19:01:54.9 +04:46:21.4 38.373 -0.149 6.2 0.490(0.043) 1 0.509(0.051) 1.288(0.108) 2.797 81.311 1 0.260(0.060) 0.348(0.088) 1.454 128.459 5.3454 7.8257 8

G038.453-00.196 19:02:13.8 +04:49:20.8 38.453 -0.196 2.5 0.197(0.038) 0 · · · (0.043) · · · (0.112) · · · · · · 0 · · · (0.048) · · · (0.122) · · · · · · · · · · · · 1

G038.519+00.173 19:01:02.1 +05:02:58.7 38.519 +0.173 20.2 0.124(0.045) 1 0.244(0.052) 0.340(0.078) 0.463 29.918 0 · · · (0.041) · · · (0.103) · · · · · · 2.0967 11.0478 0

G038.556+00.163 19:01:08.5 +05:04:41.7 38.556 +0.163 13.4 0.382(0.044) 1 0.949(0.056) 4.433(0.145) 4.889 29.480 1 0.544(0.047) 2.480(0.119) 4.796 76.624 2.0713 11.0663 0

G038.565-00.039 19:01:52.5 +04:59:36.3 38.565 -0.039 5.5 0.281(0.042) 1 0.269(0.063) 0.572(0.095) 1.654 83.058 0 · · · (0.039) · · · (0.099) · · · · · · 5.5855 7.5505 8

G038.649-00.227 19:02:42.1 +04:58:56.3 38.649 -0.227 10.4 0.276(0.042) 1 0.901(0.042) 2.521(0.088) 3.030 69.268 1 0.348(0.046) 1.465(0.118) 4.574 116.919 4.4269 8.6938 0

G038.655+00.085 19:01:35.9 +05:07:49.3 38.655 +0.085 5.8 0.383(0.038) 5 0.370(0.043) 2.510(0.129) 9.079 -36.491 0 · · · (0.037) · · · (0.094) · · · · · · 2.9292 16.0488 0

G038.694-00.453 19:03:35.6 +04:55:08.1 38.694 -0.453 2.9 0.630(0.036) 1 1.546(0.063) 4.493(0.134) 4.120 50.550 1 1.131(0.046) 3.431(0.096) 3.542 98.370 3.2833 9.8294 0

G038.873+00.059 19:02:05.6 +05:18:43.6 38.873 +0.059 4.9 0.109(0.035) 1 0.242(0.040) 0.501(0.059) 2.035 20.413 0 · · · (0.051) · · · (0.130) · · · · · · 1.5318 11.5477 0

G038.877+00.307 19:01:12.9 +05:25:45.4 38.877 +0.307 5.5 0.569(0.038) 1 0.557(0.039) 2.617(0.100) 5.841 -16.171 1 0.181(0.043) 0.571(0.088) 3.164 31.339 1.0212 14.1002 0

G038.921-00.353 19:03:39.1 +05:09:58.6 38.921 -0.353 5.0 1.784(0.049) 5 5.075(0.045) 21.708(0.116) 4.897 37.780 1 3.984(0.044) 13.192(0.091) 3.926 85.231 2.5550 10.5159 0

G038.938-00.459 19:04:03.8 +05:07:59.5 38.938 -0.459 5.0 0.573(0.042) 5 1.339(0.062) 3.995(0.132) 3.115 41.901 1 0.762(0.042) 1.862(0.087) 1.804 89.311 2.7921 10.2757 0

G038.959-00.467 19:04:07.7 +05:08:51.3 38.959 -0.467 4.8 0.803(0.044) 5 1.625(0.042) 4.470(0.089) 4.332 42.185 1 0.800(0.046) 2.270(0.096) 2.380 89.740 2.8088 10.2553 0

G039.100+00.491 19:00:58.1 +05:42:44.3 39.100 +0.491 3.6 0.361(0.044) 4 1.233(0.046) 7.199(0.137) 7.128 23.544 1 0.473(0.053) 1.368(0.110) 4.279 70.630 1.7217 11.3163 0

G039.197+00.223 19:02:06.2 +05:40:32.3 39.197 +0.223 2.7 0.278(0.035) 1 0.438(0.054) 1.922(0.140) 4.724 -26.475 0 · · · (0.050) · · · (0.128) · · · · · · 1.9105 14.9303 0

G039.255-00.059 19:03:13.1 +05:35:50.9 39.255 -0.059 10.4 1.016(0.041) 1 1.144(0.045) 4.995(0.117) 4.764 23.895 1 0.586(0.052) 2.659(0.133) 4.714 71.353 1.7435 11.2655 0

G039.375-00.181 19:03:52.4 +05:38:54.6 39.375 -0.181 5.0 0.130(0.035) 0 · · · (0.049) · · · (0.127) · · · · · · 0 · · · (0.047) · · · (0.119) · · · · · · · · · · · · 1

G039.390-00.143 19:03:46.0 +05:40:47.4 39.390 -0.143 3.9 0.770(0.035) 1 1.284(0.050) 6.222(0.128) 5.260 65.775 1 0.681(0.047) 2.293(0.098) 3.705 113.349 4.2531 8.7307 0

G039.437-00.189 19:04:01.0 +05:41:59.2 39.437 -0.189 4.4 0.248(0.033) 1 0.530(0.044) 1.152(0.066) 1.782 51.453 1 0.286(0.048) 0.716(0.099) 2.752 99.100 3.3597 9.6155 0

G039.527-00.461 19:05:09.3 +05:39:17.8 39.527 -0.461 6.8 0.138(0.037) 0 · · · (0.055) · · · (0.260) · · · · · · 0 · · · (0.051) · · · (0.129) · · · · · · · · · · · · 0

G039.885-00.347 19:05:24.5 +06:01:31.3 39.885 -0.347 4.3 0.861(0.043) 1 1.788(0.039) 6.544(0.183) 4.234 58.205 1 1.228(0.039) 3.820(0.081) 2.983 105.755 3.7930 9.0985 0

G040.159+00.165 19:04:05.1 +06:30:13.8 40.159 +0.165 9.0 0.156(0.038) 1 0.454(0.091) 1.308(0.192) 2.750 83.951 0 · · · (0.117) · · · (0.297) · · · · · · 6.4198 6.4198 6

G040.268-00.465 19:06:32.4 +06:18:43.2 40.268 -0.465 13.1 0.194(0.044) 1 0.583(0.118) 1.389(0.251) 2.109 73.387 0 · · · (0.112) · · · (0.283) · · · · · · 4.9537 7.8655 0

G040.284-00.221 19:05:41.7 +06:26:18.2 40.284 -0.221 3.8 2.122(0.052) 5 3.043(0.097) 20.768(0.290) 8.467 74.116 1 2.775(0.102) 12.738(0.257) 4.959 121.138 5.0261 7.7898 8

G040.624-00.139 19:06:01.9 +06:46:40.6 40.624 -0.139 3.4 1.175(0.044) 1 3.125(0.034) 13.960(0.215) 5.385 32.595 1 1.338(0.036) 5.699(0.090) 4.658 80.343 2.2738 10.4774 0

G040.705-00.129 19:06:08.8 +06:51:14.0 40.705 -0.129 19.7 0.183(0.041) 1 0.486(0.029) 1.433(0.136) 2.974 18.387 1 0.208(0.034) 0.528(0.070) 2.021 65.822 1.4131 11.3227 0

G040.909-00.251 19:06:57.6 +06:58:44.8 40.909 -0.251 2.0 0.339(0.042) 1 0.661(0.038) 2.230(0.178) 4.066 26.234 1 0.330(0.038) 1.195(0.079) 3.257 73.959 1.8952 10.8015 0

G041.078-00.125 19:06:49.4 +07:11:15.1 41.078 -0.125 3.5 0.353(0.036) 1 1.343(0.050) 4.092(0.107) 2.787 64.084 1 0.565(0.054) 1.350(0.112) 2.048 111.275 4.2902 8.3739 0

G041.103-00.239 19:07:16.6 +07:09:25.1 41.103 -0.239 8.7 0.410(0.042) 1 0.441(0.038) 1.117(0.080) 3.655 59.955 1 0.152(0.034) 0.260(0.049) 1.255 106.949 3.9929 8.6665 0

G041.120-00.111 19:06:51.1 +07:13:52.9 41.120 -0.111 4.0 0.228(0.040) 1 0.373(0.047) 1.138(0.099) 3.178 37.736 1 0.215(0.050) 0.623(0.104) 2.679 84.840 2.5899 10.0661 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+ ) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G041.158-00.145 19:07:02.6 +07:14:58.3 41.158 -0.145 21.6 0.113(0.041) 1 0.172(0.047) 0.382(0.099) 4.147 51.781 0 · · · (0.054) · · · (0.137) · · · · · · 3.4536 9.1951 0

G041.163-00.185 19:07:11.7 +07:14:05.2 41.163 -0.185 2.5 0.346(0.041) 1 0.950(0.044) 2.292(0.093) 2.425 59.890 1 0.417(0.059) 1.173(0.122) 1.934 107.399 3.9932 8.6546 0

G041.330-00.193 19:07:32.0 +07:22:47.8 41.330 -0.193 4.3 0.316(0.038) 1 0.691(0.043) 2.217(0.091) 3.870 57.519 1 0.491(0.050) 1.278(0.104) 3.144 104.635 3.8420 8.7735 0

G041.379+00.035 19:06:48.3 +07:31:40.9 41.379 +0.035 3.5 0.359(0.038) 1 0.918(0.045) 3.245(0.094) 4.145 58.997 1 0.458(0.050) 1.564(0.104) 3.921 106.363 3.9479 8.6581 0

G041.518-00.143 19:07:42.3 +07:34:11.6 41.518 -0.143 12.9 0.139(0.039) 0 · · · (0.055) · · · (0.142) · · · · · · 0 · · · (0.056) · · · (0.141) · · · · · · · · · · · · 0

G041.733-00.247 19:08:28.5 +07:42:44.9 41.733 -0.247 14.2 0.133(0.041) 1 0.238(0.054) 0.403(0.080) 1.849 70.014 0 · · · (0.057) · · · (0.145) · · · · · · 4.9032 7.6341 0

G041.742+00.097 19:07:15.6 +07:52:45.2 41.742 +0.097 8.3 0.481(0.047) 1 0.826(0.052) 2.405(0.111) 3.851 13.229 1 0.206(0.051) 0.606(0.106) 2.973 60.297 1.0925 11.4428 0

G042.099+00.351 19:07:00.7 +08:18:45.7 42.099 +0.351 1.6 0.407(0.041) 4 1.221(0.041) 5.907(0.107) 5.356 21.332 1 0.342(0.053) 1.017(0.110) 4.234 68.504 1.6049 10.8607 0

G042.111-00.449 19:09:54.1 +07:57:16.3 42.111 -0.449 4.6 0.597(0.041) 1 1.948(0.055) 6.264(0.116) 3.450 55.494 1 0.978(0.059) 3.040(0.122) 3.603 102.715 3.7601 8.7034 0

G042.435-00.261 19:09:49.9 +08:19:44.5 42.435 -0.261 9.2 0.673(0.048) 1 2.050(0.052) 6.664(0.110) 3.744 65.590 1 0.640(0.055) 1.888(0.114) 2.544 112.898 4.5961 7.8032 3

G042.455-00.463 19:10:35.7 +08:15:11.7 42.455 -0.463 19.8 0.140(0.035) 1 0.302(0.050) 0.978(0.106) 2.772 58.178 0 · · · (0.078) · · · (0.198) · · · · · · 3.9836 8.4120 0

G042.685-00.115 19:09:46.5 +08:37:04.8 42.685 -0.115 2.5 0.222(0.056) 1 0.295(0.052) 0.637(0.078) 1.861 65.949 0 · · · (0.055) · · · (0.139) · · · · · · 4.6746 7.6751 0

G043.039-00.455 19:11:39.4 +08:46:29.2 43.039 -0.455 2.7 1.154(0.056) 5 1.563(0.103) 10.193(0.307) 8.330 57.567 1 1.423(0.112) 7.086(0.284) 3.039 105.271 3.9946 8.2848 0

G043.081-00.005 19:10:07.2 +09:01:11.9 43.081 -0.005 4.9 0.444(0.080) 1 0.578(0.097) 1.494(0.206) 2.656 13.099 0 · · · (0.106) · · · (0.269) · · · · · · 1.0915 11.1791 0

G043.165-00.029 19:10:21.9 +09:05:00.0 43.165 -0.029 7.4 6.172(0.142) 1 3.570(0.138) 30.752(0.463) 11.317 15.717 1 0.667(0.132) 2.393(0.273) 4.024 62.592 1.2601 10.9936 4

G043.168+00.009 19:10:14.0 +09:06:16.0 43.168 +0.009 3.6 32.234(0.163) 2 · · · (0.109) · · · (0.488) · · · · · · 2 · · · (0.164) · · · (0.589) · · · · · · · · · · · · 4

G043.179-00.521 19:12:09.3 +08:52:06.9 43.179 -0.521 6.2 1.806(0.083) 1 2.877(0.098) 14.394(0.253) 5.403 57.902 1 2.065(0.114) 9.605(0.289) 4.812 105.942 4.0359 8.2155 0

G043.238-00.049 19:10:34.3 +09:08:22.0 43.238 -0.049 5.6 1.898(0.075) 1 2.032(0.094) 8.600(0.243) 5.985 5.416 1 0.920(0.116) 4.433(0.294) 5.455 54.877 0.5884 11.6506 0

G043.308-00.213 19:11:17.6 +09:07:31.6 43.308 -0.213 2.9 1.228(0.055) 1 1.432(0.090) 6.525(0.234) 6.093 58.828 1 1.735(0.119) 7.804(0.302) 4.852 106.789 4.1252 8.0998 8

G043.526+00.020 19:10:52.0 +09:25:36.2 43.526 +0.020 5.1 0.455(0.063) 1 0.748(0.089) 1.992(0.188) 2.302 61.708 0 · · · (0.103) · · · (0.262) · · · · · · 4.4080 7.7729 0

G043.795-00.125 19:11:53.3 +09:35:53.0 43.795 -0.125 3.4 2.164(0.051) 4 2.946(0.085) 17.488(0.256) 7.172 45.228 4 0.537(0.110) 3.294(0.323) 3.151 92.431 3.1615 8.9651 4

G044.307+00.043 19:12:14.8 +10:07:45.7 44.307 +0.043 8.6 1.156(0.051) 4 1.405(0.182) 6.767(0.472) 6.403 57.593 0 · · · (0.218) · · · (0.553) · · · · · · 4.1462 7.8761 0

G044.499-00.157 19:13:19.7 +10:12:25.0 44.499 -0.157 5.0 0.373(0.039) 1 0.549(0.099) 1.949(0.210) 3.561 59.246 0 · · · (0.112) · · · (0.283) · · · · · · 4.3295 7.6534 0

G044.576-00.449 19:14:31.5 +10:08:25.1 44.576 -0.449 4.3 0.205(0.042) 1 0.437(0.091) 1.387(0.193) 3.034 67.593 1 0.529(0.096) 2.009(0.345) 1.210 115.235 5.6417 6.3256 8

G044.589+00.372 19:11:35.6 +10:31:52.5 44.589 +0.372 5.2 0.234(0.044) 1 0.650(0.093) 1.966(0.197) 3.577 15.000 0 · · · (0.102) · · · (0.259) · · · · · · 1.2262 10.7385 0

G045.070+00.134 19:13:21.5 +10:50:52.5 45.070 +0.134 4.2 2.967(0.064) 4 3.976(0.095) 18.585(0.247) 6.927 59.709 1 0.515(0.106) 2.164(0.268) 6.264 107.487 4.4827 7.3822 4

G045.120+00.134 19:13:27.3 +10:53:32.7 45.120 +0.134 3.6 4.492(0.084) 1 6.005(0.086) 26.475(0.223) 5.024 59.161 1 0.627(0.110) 3.107(0.279) 4.753 106.464 4.4325 7.4219 3

G045.427+00.082 19:14:13.3 +11:08:22.9 45.427 +0.082 9.3 0.506(0.056) 1 0.720(0.084) 2.028(0.179) 2.667 55.483 1 0.355(0.109) 1.097(0.225) 3.907 103.307 4.1120 7.6785 0

G045.454+00.061 19:14:20.8 +11:09:14.3 45.454 +0.061 1.4 2.598(0.075) 1 2.970(0.086) 15.324(0.223) 6.101 58.251 1 0.719(0.098) 2.164(0.203) 4.082 106.163 4.3990 7.3860 3

G045.465+00.048 19:14:25.0 +11:09:27.7 45.465 +0.048 2.5 2.308(0.077) 5 3.162(0.086) 19.732(0.258) 7.996 62.732 1 2.736(0.095) 12.849(0.242) 5.583 109.991 5.0022 6.7804 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G045.476+00.135 19:14:07.4 +11:12:29.2 45.476 +0.135 4.1 1.875(0.071) 1 3.272(0.090) 11.434(0.190) 3.664 63.077 1 0.753(0.094) 2.362(0.194) 2.905 109.846 5.0693 6.7110 3

G045.544-00.030 19:14:50.8 +11:11:31.2 45.544 -0.030 5.6 0.280(0.040) 1 0.777(0.086) 2.322(0.183) 2.505 55.765 0 · · · (0.110) · · · (0.278) · · · · · · 4.1575 7.6085 0

G045.651+00.273 19:13:57.2 +11:25:36.5 45.651 +0.273 2.7 0.198(0.038) 0 · · · (0.084) · · · (0.217) · · · · · · 0 · · · (0.108) · · · (0.275) · · · · · · · · · · · · 0

G045.805-00.354 19:16:30.7 +11:16:16.7 45.805 -0.354 3.7 0.603(0.040) 1 1.115(0.104) 3.235(0.220) 4.481 60.091 1 0.611(0.113) 2.645(0.285) 5.036 107.757 4.7093 7.0023 0

G045.824-00.283 19:16:17.5 +11:19:18.4 45.824 -0.283 2.9 0.656(0.042) 1 0.661(0.093) 1.836(0.197) 4.525 60.722 1 0.410(0.102) 0.850(0.149) 1.486 108.442 4.8069 6.9005 3

G045.937-00.399 19:16:55.4 +11:22:01.7 45.937 -0.399 8.3 0.653(0.036) 1 0.866(0.079) 2.946(0.167) 3.361 62.347 0 · · · (0.096) · · · (0.244) · · · · · · 5.1473 6.5366 0

G046.171-00.097 19:16:16.7 +11:42:54.7 46.171 -0.097 8.1 0.296(0.040) 1 0.828(0.074) 2.784(0.156) 4.199 15.432 1 0.403(0.095) 1.193(0.196) 2.228 63.043 1.2726 10.3616 0

G046.314-00.216 19:16:59.1 +11:47:11.0 46.314 -0.216 13.6 0.173(0.038) 0 · · · (0.102) · · · (0.264) · · · · · · 0 · · · (0.105) · · · (0.267) · · · · · · · · · · · · 0

G047.000-00.387 19:18:54.7 +12:18:47.7 47.000 -0.387 1868.7 0.122(0.045) 1 0.461(0.076) 0.874(0.113) 2.069 47.465 0 · · · (0.101) · · · (0.257) · · · · · · 3.5865 7.8712 0

G047.053+00.252 19:16:42.0 +12:39:27.9 47.053 +0.252 5.0 0.692(0.044) 1 1.012(0.080) 2.996(0.169) 3.473 56.197 1 0.227(0.095) 0.781(0.196) 1.087 105.310 4.5198 6.9266 8

G047.100+00.482 19:15:57.4 +12:48:26.1 47.100 +0.482 644.1 0.138(0.040) 0 · · · (0.084) · · · (0.217) · · · · · · 0 · · · (0.095) · · · (0.241) · · · · · · · · · · · · 0

G047.276+00.345 19:16:47.3 +12:53:57.7 47.276 +0.345 7.7 0.230(0.038) 0 · · · (0.082) · · · (0.212) · · · · · · 0 · · · (0.083) · · · (0.210) · · · · · · · · · · · · 0

G048.520-00.459 19:22:06.3 +13:37:16.4 48.520 -0.459 7.4 0.201(0.039) 0 · · · (0.077) · · · (0.200) · · · · · · 0 · · · (0.109) · · · (0.276) · · · · · · · · · · · · 1

G048.580+00.055 19:20:21.1 +13:54:57.2 48.580 +0.055 2.0 1.022(0.052) 1 1.274(0.078) 3.995(0.166) 3.748 15.880 1 0.545(0.093) 1.949(0.192) 3.382 63.744 1.3404 9.7740 0

G048.600+00.253 19:19:40.2 +14:01:36.0 48.600 +0.253 9.1 0.278(0.054) 0 · · · (0.096) · · · (0.250) · · · · · · 0 · · · (0.109) · · · (0.276) · · · · · · · · · · · · 0

G048.605+00.025 19:20:30.6 +13:55:23.1 48.605 +0.025 3.6 1.830(0.057) 1 2.396(0.086) 12.701(0.223) 6.903 18.156 0 · · · (0.093) · · · (0.237) · · · · · · 1.4974 9.6116 4

G048.635+00.231 19:19:49.0 +14:02:47.2 48.635 +0.231 5.1 0.338(0.058) 1 0.851(0.088) 3.143(0.186) 4.567 14.620 1 0.413(0.110) 1.087(0.228) 1.685 62.843 1.2548 9.8477 0

G048.775-00.221 19:21:43.9 +13:57:29.6 48.775 -0.221 6.7 0.137(0.049) 0 · · · (0.085) · · · (0.221) · · · · · · 0 · · · (0.100) · · · (0.254) · · · · · · · · · · · · 0

G048.826+00.244 19:20:08.3 +14:13:18.7 48.826 +0.244 13.1 0.147(0.049) 4 0.750(0.082) 4.484(0.245) 7.172 9.892 0 · · · (0.099) · · · (0.250) · · · · · · 0.9331 10.1272 0

G048.895-00.411 19:22:39.5 +13:58:26.4 48.895 -0.411 3.8 0.350(0.049) 1 1.532(0.091) 3.677(0.192) 2.303 61.274 1 0.821(0.112) 1.333(0.164) 1.240 109.088 5.5227 5.5227 6

G048.911-00.280 19:22:12.7 +14:02:59.9 48.911 -0.280 14.2 2.180(0.068) 1 1.901(0.083) 9.031(0.215) 6.019 69.715 1 1.008(0.096) 4.445(0.244) 4.782 116.931 5.5208 5.5208 6

G048.952-00.285 19:22:18.6 +14:05:03.1 48.952 -0.285 7.3 0.812(0.069) 1 2.142(0.088) 6.730(0.186) 3.274 71.335 1 1.303(0.094) 4.270(0.194) 3.662 118.950 5.5163 5.5163 6

G048.989-00.299 19:22:25.9 +14:06:35.0 48.989 -0.299 4.9 2.975(0.069) 4 6.569(0.085) 42.711(0.253) 7.998 67.986 1 4.612(0.099) 22.797(0.251) 4.928 115.349 5.5122 5.5122 3

G049.068-00.327 19:22:41.4 +14:10:00.1 49.068 -0.327 3.7 0.946(0.068) 5 1.893(0.088) 8.251(0.229) 4.987 60.699 1 1.527(0.090) 4.921(0.187) 3.086 108.216 5.5034 5.5034 8

G049.073-00.349 19:22:46.7 +14:09:36.4 49.073 -0.349 7.9 0.667(0.068) 4 1.740(0.088) 6.494(0.186) 4.548 65.740 1 1.093(0.087) 1.966(0.127) 1.759 113.965 5.5029 5.5029 6

G049.077-00.373 19:22:52.4 +14:09:07.0 49.077 -0.373 3.3 0.530(0.066) 1 0.734(0.079) 3.605(0.205) 4.986 75.049 0 · · · (0.098) · · · (0.250) · · · · · · 5.5025 5.5025 3

G049.097-00.253 19:22:28.6 +14:13:35.9 49.097 -0.253 3.1 0.827(0.051) 1 1.090(0.089) 4.206(0.188) 4.448 65.964 1 0.884(0.091) 3.009(0.188) 4.116 113.605 5.5002 5.5002 8

G049.113-00.323 19:22:45.6 +14:12:28.0 49.113 -0.323 25.0 0.621(0.058) 1 0.749(0.084) 2.403(0.177) 2.986 61.701 0 · · · (0.077) · · · (0.195) · · · · · · 5.4985 5.4985 6

G049.152-00.365 19:22:59.5 +14:13:21.2 49.152 -0.365 3.7 0.521(0.059) 1 1.425(0.087) 9.015(0.261) 8.588 69.509 1 0.473(0.089) 0.744(0.130) 1.012 116.277 5.4941 5.4941 6

G049.171-00.205 19:22:26.8 +14:18:52.4 49.171 -0.205 9.7 1.303(0.055) 1 0.671(0.092) 2.672(0.239) 4.810 62.134 1 0.550(0.113) 0.790(0.165) 1.290 109.547 5.4920 5.4920 6
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+ ) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G049.208-00.339 19:23:00.4 +14:17:03.7 49.208 -0.339 13.1 2.704(0.074) 1 1.880(0.084) 10.324(0.250) 7.980 66.238 1 1.491(0.099) 5.180(0.204) 4.032 114.282 5.4879 5.4879 3

G049.217+00.022 19:21:42.3 +14:27:43.7 49.217 +0.022 22.0 0.240(0.048) 1 0.470(0.077) 1.378(0.164) 2.743 52.572 0 · · · (0.088) · · · (0.223) · · · · · · 4.6762 6.2976 0

G049.254-00.409 19:23:21.1 +14:17:30.7 49.254 -0.409 9.5 0.581(0.057) 1 1.041(0.088) 3.042(0.186) 2.588 66.331 1 0.632(0.111) 1.744(0.229) 2.894 113.372 5.4828 5.4828 6

G049.267-00.337 19:23:06.6 +14:20:12.5 49.267 -0.337 5.3 2.500(0.065) 4 2.916(0.090) 16.705(0.271) 7.162 67.558 1 3.020(0.105) 15.212(0.265) 4.927 115.564 5.4814 5.4814 6

G049.287-00.055 19:22:07.4 +14:29:15.0 49.287 -0.055 8.3 0.565(0.052) 1 1.036(0.079) 3.305(0.167) 3.073 59.023 1 0.495(0.088) 1.492(0.181) 3.976 106.413 5.4791 5.4791 6

G049.306-00.237 19:22:49.5 +14:25:08.2 49.306 -0.237 6.8 0.230(0.047) 0 · · · (0.090) · · · (0.233) · · · · · · 0 · · · (0.091) · · · (0.231) · · · · · · · · · · · · 0

G049.359-00.153 19:22:37.3 +14:30:17.8 49.359 -0.153 7.3 0.479(0.051) 1 0.307(0.084) 1.256(0.178) 4.374 48.055 0 · · · (0.090) · · · (0.229) · · · · · · 4.0105 6.9317 0

G049.367-00.300 19:23:10.3 +14:26:34.2 49.367 -0.300 8.4 5.050(0.078) 1 3.316(0.094) 14.969(0.244) 5.185 51.431 1 1.533(0.095) 5.046(0.198) 3.897 98.439 4.5152 6.4253 4

G049.369-00.349 19:23:21.2 +14:25:16.9 49.369 -0.349 8.6 1.334(0.086) 1 1.203(0.095) 4.046(0.200) 3.519 65.659 1 1.000(0.087) 3.253(0.181) 3.690 113.678 5.4701 5.4701 6

G049.375-00.259 19:23:02.4 +14:28:07.6 49.375 -0.259 9.6 1.524(0.067) 1 3.656(0.087) 9.621(0.185) 2.702 50.564 1 1.980(0.100) 5.542(0.207) 3.911 98.214 4.3688 6.5699 0

G049.377-00.183 19:22:46.0 +14:30:24.4 49.377 -0.183 6.7 0.311(0.049) 1 1.095(0.071) 3.767(0.151) 3.339 47.761 1 0.434(0.087) 1.260(0.179) 2.309 95.221 3.9779 6.9603 0

G049.391-00.309 19:23:15.1 +14:27:32.5 49.391 -0.309 3.4 2.293(0.079) 1 3.032(0.088) 8.471(0.185) 3.607 52.486 1 1.592(0.089) 4.681(0.184) 2.836 100.156 4.7459 6.1894 0

G049.403-00.213 19:22:55.6 +14:30:54.4 49.403 -0.213 2.5 0.938(0.051) 1 1.199(0.080) 3.966(0.168) 3.576 48.488 1 0.931(0.100) 2.272(0.208) 3.174 95.822 4.0760 6.8565 0

G049.405-00.369 19:23:29.9 +14:26:36.8 49.405 -0.369 3.4 1.051(0.108) 4 2.200(0.086) 5.767(0.183) 3.300 70.034 4 1.245(0.083) 3.432(0.172) 4.278 117.733 5.4661 5.4661 6

G049.415+00.327 19:20:58.7 +14:46:50.3 49.415 +0.327 7.6 0.417(0.048) 1 0.910(0.077) 3.116(0.163) 4.057 -21.397 0 · · · (0.091) · · · (0.232) · · · · · · 1.3242 12.2541 0

G049.416-00.483 19:23:56.1 +14:23:59.1 49.416 -0.483 19.0 0.343(0.062) 1 0.474(0.096) 0.642(0.144) 1.129 61.116 0 · · · (0.080) · · · (0.202) · · · · · · 5.4649 5.4649 6

G049.419-00.019 19:22:15.0 +14:37:14.3 49.419 -0.019 7.5 0.193(0.060) 1 0.868(0.083) 2.326(0.175) 2.550 60.300 1 0.397(0.102) 1.175(0.210) 1.662 108.503 5.4644 5.4644 8

G049.421-00.309 19:23:18.7 +14:29:07.9 49.421 -0.309 9.3 0.851(0.084) 0 · · · (0.077) · · · (0.199) · · · · · · 0 · · · (0.092) · · · (0.232) · · · · · · · · · · · · 0

G049.432-00.361 19:23:31.4 +14:28:17.5 49.432 -0.361 89.3 0.482(0.123) 5 2.697(0.080) 11.570(0.209) 4.895 65.049 1 1.915(0.084) 6.070(0.174) 3.646 113.394 5.4630 5.4630 6

G049.489-00.385 19:23:43.2 +14:30:34.1 49.489 -0.385 3.0 37.508(0.157) 2 · · · (0.089) · · · (0.327) · · · · · · 2 · · · (0.103) · · · (0.303) · · · · · · · · · · · · 4

G049.529-00.343 19:23:38.8 +14:33:52.2 49.529 -0.343 8.7 0.597(0.117) 4 1.186(0.073) 7.582(0.217) 7.268 63.980 1 0.587(0.098) 3.331(0.288) 6.458 111.754 5.4523 5.4523 6

G049.536-00.397 19:23:51.4 +14:32:46.3 49.536 -0.397 13.8 0.296(0.124) 1 0.348(0.088) 1.421(0.227) 6.253 59.865 0 · · · (0.091) · · · (0.230) · · · · · · 5.4514 5.4514 6

G049.561-00.275 19:23:27.6 +14:37:30.8 49.561 -0.275 3.2 1.115(0.058) 5 1.275(0.098) 5.552(0.255) 6.585 52.867 1 0.902(0.101) 5.032(0.294) 3.163 100.054 4.9710 5.9263 0

G049.598-00.247 19:23:25.9 +14:40:17.2 49.598 -0.247 10.1 0.536(0.057) 1 1.729(0.095) 5.285(0.200) 2.895 56.553 1 1.132(0.105) 3.802(0.218) 3.242 104.683 5.4445 5.4445 6

G049.668-00.456 19:24:19.7 +14:38:05.1 49.668 -0.456 1.6 0.832(0.065) 1 2.067(0.087) 5.385(0.184) 3.261 69.001 1 0.940(0.097) 2.595(0.202) 3.182 117.314 5.4367 5.4367 6

G049.725-00.011 19:22:49.1 +14:53:40.6 49.725 -0.011 8.7 0.654(0.063) 1 1.340(0.089) 3.718(0.189) 2.759 47.578 1 0.428(0.095) 1.274(0.196) 2.214 94.856 4.0306 6.8299 0

G050.044+00.273 19:22:24.4 +15:18:36.5 50.044 +0.273 16.9 0.228(0.059) 1 0.777(0.089) 1.315(0.134) 1.749 53.135 0 · · · (0.116) · · · (0.294) · · · · · · 5.3945 5.3945 6

G050.283-00.391 19:25:17.8 +15:12:24.1 50.283 -0.391 3.3 0.842(0.066) 1 1.799(0.095) 6.197(0.201) 4.149 16.029 1 0.342(0.093) 1.126(0.192) 1.885 64.409 1.3867 9.3487 0

G050.375-00.419 19:25:34.8 +15:16:26.7 50.375 -0.419 8.2 0.304(0.060) 1 1.078(0.088) 1.419(0.131) 1.604 40.551 1 0.595(0.093) 1.095(0.136) 1.580 89.114 3.3486 7.3661 0

G050.775+00.151 19:24:17.1 +15:53:49.2 50.775 +0.151 3.8 0.402(0.053) 1 1.832(0.102) 5.167(0.472) 3.855 42.206 1 0.877(0.144) 2.743(0.298) 2.875 90.061 3.5829 7.0408 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G050.995-00.205 19:26:01.3 +15:55:15.9 50.995 -0.205 1.6 0.257(0.053) 0 · · · (0.117) · · · (0.553) · · · · · · 0 · · · (0.170) · · · (0.430) · · · · · · · · · · · · 0

G051.373-00.014 19:26:04.1 +16:20:41.5 51.373 -0.014 15.5 1.170(0.065) 1 2.275(0.125) 7.279(0.265) 3.218 53.958 1 1.283(0.221) 3.059(0.458) 1.719 101.678 5.2437 5.2437 6

G053.133+00.059 19:29:19.0 +17:55:37.0 53.133 +0.059 39.7 0.365(0.078) 1 2.222(0.124) 4.411(0.589) 1.630 21.136 1 0.545(0.154) 0.687(0.226) 0.643 69.356 1.8659 8.2133 0

G053.254+00.027 19:29:40.7 +18:01:00.8 53.254 +0.027 51.4 0.016(0.068) 0 · · · (0.123) · · · (0.319) · · · · · · 0 · · · (0.161) · · · (0.407) · · · · · · · · · · · · 0

G053.574+00.059 19:30:12.2 +18:18:47.7 53.574 +0.059 23.3 0.431(0.071) 1 1.494(0.133) 3.746(0.628) 2.971 23.556 0 · · · (0.150) · · · (0.381) · · · · · · 2.0892 7.8865 0

G054.099-00.059 19:31:42.5 +18:43:02.8 54.099 -0.059 27.3 0.625(0.097) 0 · · · (0.119) · · · (0.309) · · · · · · 0 · · · (0.136) · · · (0.346) · · · · · · · · · · · · 0

G056.959-00.233 19:38:16.2 +21:07:55.4 56.959 -0.233 10.8 0.295(0.088) 4 1.379(0.135) 4.011(0.285) 3.732 31.723 1 0.710(0.153) 2.480(0.388) 4.562 80.704 3.4624 5.6976 0

G057.545-00.269 19:39:38.6 +21:37:29.9 57.545 -0.269 14.5 0.252(0.082) 5 0.787(0.096) 2.485(0.204) 3.139 4.268 0 · · · (0.109) · · · (0.276) · · · · · · 0.6516 8.3639 0

G058.469+00.434 19:38:57.6 +22:46:32.1 58.469 +0.434 8.9 0.586(0.115) 5 4.347(0.144) 15.357(0.790) 4.345 36.331 1 3.296(0.145) 10.157(0.300) 3.835 84.236 4.3929 4.3929 6

G059.135-00.119 19:42:28.7 +23:04:51.3 59.135 -0.119 1224.8 0.273(0.093) 1 2.102(0.129) 3.711(0.192) 1.705 26.505 1 0.527(0.153) 1.298(0.317) 0.760 73.948 3.1054 5.5133 0

G059.361-00.207 19:43:17.9 +23:13:58.9 59.361 -0.207 508.6 0.124(0.092) 1 3.657(0.125) 11.014(0.265) 2.731 29.313 1 1.552(0.146) 4.243(0.302) 2.826 76.951 4.2809 4.2809 6

G059.499-00.235 19:43:42.3 +23:20:19.0 59.499 -0.235 1.3 0.552(0.072) 1 3.479(0.145) 11.082(0.308) 3.127 26.810 1 1.382(0.151) 3.835(0.313) 2.589 74.576 3.2827 5.2443 8

G059.583-00.203 19:43:45.9 +23:25:38.8 59.583 -0.203 12.7 0.330(0.076) 1 0.975(0.125) 2.414(0.264) 2.429 26.280 0 · · · (0.156) · · · (0.395) · · · · · · 3.1938 5.3119 0

G059.637-00.189 19:43:49.7 +23:28:52.8 59.637 -0.189 9.3 2.294(0.090) 5 5.055(0.121) 23.080(0.314) 5.279 27.352 1 4.777(0.188) 15.485(0.390) 3.618 74.975 3.4795 5.0126 0

G059.765-00.025 19:43:29.3 +23:40:25.7 59.765 -0.025 1.7 0.689(0.067) 5 0.906(0.130) 3.022(0.276) 3.726 20.523 0 · · · (0.154) · · · (0.390) · · · · · · 2.3185 6.1411 0

G059.785+00.067 19:43:11.0 +23:44:15.1 59.785 +0.067 7.2 3.222(0.100) 5 5.515(0.127) 19.606(0.269) 3.738 22.479 1 5.532(0.161) 16.195(0.332) 3.200 70.176 2.5864 5.8680 9

G059.811+00.237 19:42:35.6 +23:50:40.9 59.811 +0.237 32.0 0.226(0.078) 0 · · · (0.116) · · · (0.301) · · · · · · 0 · · · (0.142) · · · (0.361) · · · · · · · · · · · · 0

G059.999+00.118 19:43:27.2 +23:56:53.5 59.999 +0.118 6.2 0.607(0.084) 1 0.697(0.102) 2.121(0.216) 2.923 -14.384 0 · · · (0.141) · · · (0.357) · · · · · · 0.8196 9.2200 0

G060.015+00.115 19:43:30.2 +23:57:38.5 60.015 +0.115 7.3 0.598(0.084) 1 1.577(0.098) 4.169(0.207) 2.364 22.711 1 0.419(0.126) 0.749(0.184) 1.554 70.512 2.6615 5.7347 8

G060.575-00.187 19:45:52.6 +24:17:40.5 60.575 -0.187 6.9 0.346(0.074) 1 1.046(0.084) 2.592(0.177) 2.794 4.916 0 · · · (0.107) · · · (0.272) · · · · · · 0.7705 7.4831 0

G060.885-00.129 19:46:20.4 +24:35:31.0 60.885 -0.129 7.1 4.091(0.126) 1 5.851(0.096) 25.868(0.248) 4.717 22.640 1 3.689(0.096) 11.381(0.198) 3.971 71.040 2.8364 5.3378 4

G061.287-00.333 19:48:00.4 +24:50:10.8 61.287 -0.333 14.4 0.313(0.075) 0 · · · (0.091) · · · (0.237) · · · · · · 0 · · · (0.099) · · · (0.252) · · · · · · · · · · · · 0

G061.475+00.091 19:46:48.5 +25:12:44.0 61.475 +0.091 2.5 6.021(0.123) 1 6.284(0.085) 26.721(0.221) 4.744 21.706 0 · · · (0.112) · · · (0.285) · · · · · · 2.8069 5.2158 4

G063.115+00.339 19:49:32.7 +26:45:11.5 63.115 +0.339 2.2 0.887(0.090) 5 2.037(0.100) 7.850(0.211) 4.393 20.007 1 1.344(0.099) 4.256(0.205) 3.848 68.150 2.9358 4.6613 0

G064.141-00.465 19:55:00.3 +27:13:20.9 64.141 -0.465 8.2 0.608(0.091) 1 0.675(0.071) 1.977(0.151) 2.816 20.944 0 · · · (0.097) · · · (0.245) · · · · · · 3.6638 3.6638 6

G071.521-00.384 20:12:57.4 +33:30:26.8 71.521 -0.384 9.9 0.498(0.096) 1 2.503(0.097) 6.869(0.206) 2.870 10.571 1 1.224(0.106) 3.526(0.219) 2.619 58.130 2.6625 2.6625 6

G075.702+00.341 20:21:30.6 +37:22:37.4 75.702 +0.341 2.1 0.426(0.065) 1 2.939(0.138) 10.069(0.291) 4.012 -2.337 1 1.377(0.159) 4.149(0.329) 2.475 45.919 0.3741 3.7750 0

G075.758+00.339 20:21:40.7 +37:25:20.0 75.758 +0.339 2.8 4.466(0.087) 5 8.067(0.138) 45.440(0.357) 6.636 -1.623 1 5.083(0.183) 24.541(0.464) 4.351 46.068 0.5053 3.6278 4

G075.784+00.341 20:21:44.7 +37:26:38.7 75.784 +0.341 6.4 4.326(0.084) 5 6.621(0.133) 47.198(0.397) 9.241 1.415 1 2.463(0.181) 11.085(0.460) 4.787 47.739 1.2397 2.8861 4

G075.790+00.257 20:22:06.6 +37:24:04.6 75.790 +0.257 14.6 0.171(0.063) 0 · · · (0.113) · · · (0.292) · · · · · · 0 · · · (0.143) · · · (0.362) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+ ) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G075.835+00.399 20:21:39.1 +37:31:10.9 75.835 +0.399 0.6 4.178(0.077) 4 1.697(0.115) 7.376(0.297) 4.579 1.580 0 · · · (0.165) · · · (0.418) · · · · · · 1.3105 2.8007 0

G075.840+00.369 20:21:47.5 +37:30:22.6 75.840 +0.369 7.6 1.499(0.077) 5 1.897(0.150) 6.776(0.317) 3.892 1.566 1 1.789(0.150) 5.944(0.310) 3.383 49.457 1.3069 2.8030 0

G075.858+00.083 20:23:01.4 +37:21:27.1 75.858 +0.083 67.7 0.248(0.066) 0 · · · (0.126) · · · (0.327) · · · · · · 0 · · · (0.132) · · · (0.334) · · · · · · · · · · · · 0

G075.860-00.555 20:25:38.9 +36:59:31.7 75.860 -0.555 15.6 0.454(0.070) 1 1.376(0.131) 4.438(0.278) 3.366 -0.625 1 0.545(0.144) 1.871(0.298) 1.159 47.208 0.7135 3.3909 0

G075.860+00.279 20:22:13.4 +37:28:17.5 75.860 +0.279 42.5 0.146(0.063) 1 0.496(0.113) 0.741(0.169) 1.415 3.821 0 · · · (0.154) · · · (0.392) · · · · · · 2.0520 2.0520 6

G076.084+00.137 20:23:27.3 +37:34:26.8 76.084 +0.137 4.4 0.506(0.054) 1 1.096(0.113) 3.304(0.239) 2.896 -0.651 0 · · · (0.128) · · · (0.324) · · · · · · 0.7241 3.3162 0

G076.094+00.159 20:23:23.5 +37:35:39.6 76.094 +0.159 10.0 0.698(0.054) 4 2.164(0.115) 9.742(0.298) 5.219 0.913 1 1.570(0.137) 4.282(0.283) 2.944 48.878 1.1354 2.9023 0

G076.104-00.225 20:25:00.4 +37:22:55.5 76.104 -0.225 6.4 0.383(0.054) 1 1.299(0.117) 4.294(0.248) 2.802 0.136 1 0.586(0.129) 1.612(0.266) 1.885 48.043 0.9154 3.1192 0

G076.158-00.287 20:25:24.8 +37:23:25.1 76.158 -0.287 1.4 1.294(0.063) 1 2.592(0.119) 9.219(0.253) 3.769 -28.640 1 1.107(0.116) 5.283(0.295) 4.085 18.844 2.5946 6.6140 0

G076.180+00.062 20:24:02.7 +37:36:33.8 76.180 +0.062 3.2 0.805(0.075) 1 1.627(0.120) 5.352(0.253) 2.993 -0.809 1 0.680(0.124) 2.089(0.256) 4.280 46.706 0.6968 3.3162 0

G076.188+00.096 20:23:55.7 +37:38:08.0 76.188 +0.096 3.6 1.577(0.075) 1 2.418(0.126) 8.468(0.267) 3.780 -3.272 1 0.588(0.138) 1.458(0.285) 1.763 44.861 0.2282 3.7825 0

G076.214+00.105 20:23:57.8 +37:39:44.6 76.214 +0.105 12.3 0.504(0.067) 1 0.891(0.109) 2.553(0.230) 3.390 -1.307 0 · · · (0.116) · · · (0.294) · · · · · · 0.5929 3.4104 0

G076.358-00.600 20:27:17.1 +37:22:18.1 76.358 -0.600 5.7 1.833(0.106) 1 3.530(0.118) 10.277(0.251) 2.810 -1.547 1 3.103(0.131) 9.273(0.272) 2.921 46.355 0.5536 3.4089 0

G076.384-00.623 20:27:27.1 +37:22:46.6 76.384 -0.623 1.5 5.235(0.117) 1 5.147(0.129) 27.335(0.334) 6.555 -2.468 1 0.561(0.155) 1.926(0.320) 2.711 46.344 0.3764 3.5788 4

G076.428+00.107 20:24:34.7 +37:50:16.0 76.428 +0.107 1.8 0.320(0.052) 1 0.530(0.107) 0.881(0.160) 1.815 0.515 0 · · · (0.131) · · · (0.332) · · · · · · 1.0680 2.8745 0

G076.782-00.043 20:26:14.1 +38:02:25.6 76.782 -0.043 7.6 0.609(0.062) 1 1.889(0.117) 6.509(0.249) 4.217 -0.818 1 1.296(0.141) 5.067(0.357) 4.590 46.607 0.7459 3.0956 0

G077.476-01.083 20:32:34.7 +37:59:31.9 77.476 -1.083 1.0 0.490(0.115) 1 1.388(0.105) 3.663(0.221) 3.731 -4.379 1 0.415(0.119) 1.206(0.247) 3.277 45.835 0.0620 3.5818 0

G077.612+00.556 20:26:12.0 +39:03:49.1 77.612 +0.556 4.3 0.287(0.052) 1 0.870(0.096) 4.099(0.249) 5.596 -73.588 0 · · · (0.122) · · · (0.311) · · · · · · 6.8377 10.4421 0

G077.822-01.315 20:34:34.2 +38:07:55.2 77.822 -1.315 5.0 0.596(0.056) 1 3.781(0.102) 9.761(0.216) 2.736 3.867 1 2.455(0.115) 6.326(0.238) 2.101 51.596 1.7725 1.7725 6

G077.913-01.159 20:34:12.8 +38:17:56.0 77.913 -1.159 8.5 0.298(0.063) 1 0.719(0.106) 2.140(0.224) 3.052 -0.276 1 0.403(0.138) 1.056(0.286) 1.530 47.306 1.0789 2.4395 0

G077.926+00.869 20:25:49.2 +39:30:04.2 77.926 +0.869 13.0 0.376(0.056) 1 2.474(0.119) 6.613(0.252) 2.269 2.342 1 2.238(0.124) 3.623(0.181) 1.459 49.978 1.7573 1.7573 6

G077.939+00.895 20:25:44.8 +39:31:35.4 77.939 +0.895 6.1 0.322(0.052) 0 · · · (0.101) · · · (0.263) · · · · · · 0 · · · (0.125) · · · (0.318) · · · · · · · · · · · · 0

G077.952+00.005 20:29:31.5 +39:01:06.8 77.952 +0.005 1.8 0.395(0.055) 1 1.739(0.096) 4.167(0.202) 2.180 -3.616 1 0.300(0.111) 0.594(0.162) 1.382 43.992 0.2055 3.3013 0

G077.952-01.137 20:34:14.5 +38:20:33.5 77.952 -1.137 11.4 0.561(0.059) 1 1.912(0.119) 5.980(0.251) 2.981 -1.911 1 0.981(0.146) 2.011(0.214) 1.495 46.196 0.5762 2.9312 0

G077.988+00.575 20:27:14.8 +39:22:53.0 77.988 +0.575 20.5 0.287(0.060) 1 0.297(0.091) 0.732(0.192) 2.388 -3.515 0 · · · (0.107) · · · (0.270) · · · · · · 0.2249 3.2716 0

G078.020+00.610 20:27:11.8 +39:25:37.5 78.020 +0.610 10.4 0.536(0.075) 1 0.532(0.117) 3.109(0.351) 7.609 -3.996 0 · · · (0.117) · · · (0.298) · · · · · · 0.1339 3.3536 0

G078.038+00.615 20:27:13.7 +39:26:42.9 78.038 +0.615 12.1 0.510(0.076) 1 0.882(0.090) 2.432(0.190) 3.646 -4.489 0 · · · (0.131) · · · (0.331) · · · · · · 0.0446 3.4376 0

G078.058+00.617 20:27:16.8 +39:27:46.5 78.058 +0.617 3.7 0.650(0.072) 1 1.997(0.096) 5.111(0.204) 2.097 -0.840 1 0.604(0.120) 1.642(0.248) 1.255 46.927 0.8883 2.5881 0

G078.110-00.321 20:31:21.5 +38:57:16.0 78.110 -0.321 15.4 0.979(0.059) 1 2.035(0.091) 6.820(0.193) 3.677 0.348 1 1.221(0.110) 3.347(0.228) 2.995 47.758 1.6119 1.8497 0

G078.114-00.293 20:31:15.3 +38:58:26.5 78.114 -0.293 10.5 0.639(0.060) 1 1.562(0.109) 3.881(0.231) 2.204 0.649 0 · · · (0.124) · · · (0.315) · · · · · · 1.7302 1.7302 6
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G078.114-00.639 20:32:41.3 +38:46:11.8 78.114 -0.639 6.0 1.194(0.070) 5 2.227(0.082) 7.912(0.173) 3.437 -0.623 1 1.480(0.103) 4.134(0.213) 2.439 46.887 0.9801 2.4803 0

G078.138-00.561 20:32:26.4 +38:50:07.0 78.138 -0.561 9.1 0.175(0.057) 1 0.392(0.103) 0.792(0.155) NaN -1.151 0 · · · (0.102) · · · (0.259) · · · · · · 0.8021 2.6514 0

G078.150-00.393 20:31:46.9 +38:56:38.9 78.150 -0.393 8.5 0.602(0.057) 5 0.922(0.089) 2.715(0.189) 3.844 0.275 0 · · · (0.107) · · · (0.272) · · · · · · 1.5370 1.9130 0

G078.152-00.529 20:32:20.9 +38:51:56.0 78.152 -0.529 132.9 0.116(0.058) 0 · · · (0.114) · · · (0.295) · · · · · · 0 · · · (0.105) · · · (0.266) · · · · · · · · · · · · 0

G078.200-00.409 20:31:59.9 +38:58:29.4 78.200 -0.409 8.5 0.560(0.055) 1 1.428(0.098) 3.965(0.207) 3.089 -4.621 1 0.560(0.096) 1.906(0.245) 4.858 42.913 0.0240 3.4117 0

G078.206-00.353 20:31:47.1 +39:00:46.5 78.206 -0.353 46.1 0.307(0.048) 1 1.838(0.101) 3.233(0.152) 1.599 0.327 0 · · · (0.106) · · · (0.270) · · · · · · 1.7170 1.7170 6

G078.256-00.313 20:31:46.3 +39:04:38.6 78.256 -0.313 16.7 0.180(0.058) 1 0.433(0.101) 0.902(0.151) 1.656 -4.427 0 · · · (0.112) · · · (0.284) · · · · · · 0.0593 3.3601 0

G078.328-01.337 20:36:12.4 +38:31:24.5 78.328 -1.337 12.6 0.235(0.064) 1 0.647(0.106) 1.079(0.159) 1.329 -1.919 0 · · · (0.105) · · · (0.266) · · · · · · 0.6038 2.7960 0

G078.348-01.055 20:35:06.9 +38:42:33.1 78.348 -1.055 10.8 0.347(0.059) 1 0.367(0.097) 0.762(0.146) NaN -3.384 0 · · · (0.107) · · · (0.270) · · · · · · 0.2641 3.1295 0

G078.380+01.017 20:26:33.6 +39:57:25.3 78.380 +1.017 3.5 0.898(0.061) 1 2.842(0.108) 8.683(0.230) 2.445 -1.174 1 1.191(0.118) 3.101(0.244) 2.117 46.904 0.8220 2.5624 0

G078.504+01.003 20:26:59.8 +40:03:00.9 78.504 +1.003 7.8 0.254(0.054) 1 0.437(0.120) 1.182(0.254) 3.037 2.099 0 · · · (0.116) · · · (0.293) · · · · · · 1.6743 1.6743 6

G078.889+00.711 20:29:24.6 +40:11:30.6 78.889 +0.711 8.6 3.237(0.084) 4 6.212(0.091) 26.749(0.235) 4.696 -5.850 1 0.816(0.116) 2.976(0.241) 1.159 41.918 0.1924 3.4302 0

G078.953-00.184 20:33:22.6 +39:42:51.6 78.953 -0.184 3.9 0.491(0.059) 1 1.179(0.092) 3.152(0.195) 2.160 1.180 1 0.633(0.104) 0.993(0.152) 1.262 48.876 1.6096 1.6096 6

G078.979+00.353 20:31:12.0 +40:03:14.3 78.979 +0.353 9.4 2.127(0.071) 1 6.769(0.099) 20.560(0.210) 3.252 6.319 1 4.862(0.115) 15.546(0.238) 2.946 53.841 1.6059 1.6059 6

G079.011+00.670 20:29:57.7 +40:15:59.1 79.011 +0.670 10.5 0.905(0.074) 1 2.581(0.091) 8.093(0.193) 2.974 5.967 1 1.050(0.123) 3.449(0.255) 3.588 53.632 1.6013 1.6013 6

G079.132+00.966 20:29:04.4 +40:32:15.6 79.132 +0.966 13.7 0.486(0.069) 1 1.006(0.093) 1.769(0.140) 1.189 6.967 0 · · · (0.112) · · · (0.284) · · · · · · 1.5841 1.5841 6

G079.133-00.366 20:34:41.6 +39:45:01.0 79.133 -0.366 12.0 1.630(0.062) 1 4.852(0.091) 15.486(0.193) 3.242 5.566 1 3.511(0.107) 11.406(0.221) 3.383 53.732 1.5837 1.5837 6

G079.219+00.957 20:29:22.8 +40:36:13.2 79.219 +0.957 33.9 0.282(0.071) 0 · · · (0.085) · · · (0.221) · · · · · · 0 · · · (0.102) · · · (0.258) · · · · · · · · · · · · 0

G079.255+00.417 20:31:47.1 +40:18:53.0 79.255 +0.417 7.4 0.493(0.066) 1 0.836(0.086) 1.541(0.128) 1.876 1.886 0 · · · (0.096) · · · (0.199) · · · · · · 1.5661 1.5661 6

G079.269+00.390 20:31:56.6 +40:18:34.0 79.269 +0.390 12.7 0.741(0.062) 1 1.067(0.087) 3.264(0.184) 2.369 2.105 1 0.600(0.102) 1.077(0.149) 0.799 49.893 1.5641 1.5641 6

G079.291+01.306 20:28:06.6 +40:51:55.3 79.291 +1.306 17.8 1.018(0.091) 1 0.780(0.098) 2.350(0.207) 2.465 -39.316 0 · · · (0.104) · · · (0.264) · · · · · · 3.8152 6.9379 0

G079.309+01.310 20:28:09.0 +40:52:58.5 79.309 +1.310 10.1 1.165(0.097) 1 1.894(0.104) 6.024(0.220) 4.119 -41.221 1 0.792(0.122) 2.999(0.253) 3.862 6.063 3.9884 7.1057 0

G079.315+00.281 20:32:32.7 +40:16:55.4 79.315 +0.281 10.7 1.237(0.074) 1 2.600(0.098) 6.408(0.207) 2.630 4.947 1 0.450(0.097) 0.760(0.143) 1.200 52.842 1.5575 1.5575 6

G079.337+00.344 20:32:20.9 +40:20:12.5 79.337 +0.344 12.5 1.402(0.068) 5 1.712(0.095) 5.084(0.201) 3.545 0.335 1 1.274(0.128) 3.140(0.264) 0.983 48.117 1.5544 1.5544 6

G079.347+00.006 20:33:48.4 +40:08:39.4 79.347 +0.006 10.7 0.497(0.059) 1 1.979(0.085) 5.597(0.180) 2.668 8.276 1 0.819(0.114) 1.415(0.168) 1.244 56.144 1.5528 1.5528 6

G079.533+00.031 20:34:16.8 +40:18:29.5 79.533 +0.031 12.2 0.219(0.048) 1 0.928(0.079) 1.858(0.119) 1.784 1.304 1 0.387(0.107) 0.496(0.156) 0.500 49.088 1.5261 1.5261 6

G079.643+00.476 20:32:44.9 +40:39:42.6 79.643 +0.476 10.5 1.016(0.047) 0 · · · (0.095) · · · (0.248) · · · · · · 0 · · · (0.109) · · · (0.277) · · · · · · · · · · · · 0

G079.737+00.992 20:30:50.5 +41:02:34.2 79.737 +0.992 12.7 0.450(0.051) 1 1.591(0.139) 5.676(0.294) 4.175 -1.705 1 0.567(0.167) 1.853(0.345) 1.542 46.547 0.8388 2.1549 0

G079.877+01.180 20:30:28.4 +41:16:00.1 79.877 +1.180 8.4 1.897(0.058) 5 5.528(0.097) 16.167(0.205) 4.102 -4.000 1 2.576(0.104) 9.195(0.215) 3.617 44.056 0.1663 2.7871 0

G079.925+00.912 20:31:46.5 +41:08:51.3 79.925 +0.912 19.2 0.179(0.050) 0 · · · (0.110) · · · (0.285) · · · · · · 0 · · · (0.110) · · · (0.280) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G079.967+00.583 20:33:18.4 +40:59:08.9 79.967 +0.583 3.3 0.375(0.049) 1 1.183(0.100) 2.249(0.150) 2.049 10.874 1 0.702(0.111) 2.064(0.229) 2.355 57.889 1.4635 1.4635 6

G079.985+00.839 20:32:16.4 +41:09:10.8 79.985 +0.839 7.0 0.939(0.059) 1 0.993(0.132) 2.822(0.278) 2.781 -9.805 0 · · · (0.142) · · · (0.359) · · · · · · 0.8296 3.7514 0

G080.021-00.424 20:37:44.0 +40:25:27.9 80.021 -0.424 2.5 0.304(0.048) 1 0.561(0.072) 0.840(0.108) 1.339 1.711 0 · · · (0.061) · · · (0.155) · · · · · · 1.4556 1.4556 6

G080.045+00.312 20:34:42.4 +40:53:11.2 80.045 +0.312 18.8 0.160(0.046) 1 0.306(0.044) 0.754(0.093) 2.678 4.959 0 · · · (0.046) · · · (0.117) · · · · · · 1.4522 1.4522 6

G080.183+00.782 20:33:08.7 +41:16:41.1 80.183 +0.782 12.8 0.301(0.056) 1 0.283(0.066) 0.961(0.140) 3.044 -0.902 0 · · · (0.055) · · · (0.140) · · · · · · 1.4323 1.4323 6

G080.223+00.668 20:33:45.6 +41:14:31.3 80.223 +0.668 12.2 0.264(0.053) 1 0.465(0.088) 1.175(0.185) 2.115 4.174 0 · · · (0.108) · · · (0.274) · · · · · · 1.4265 1.4265 6

G080.355+00.712 20:33:59.5 +41:22:28.2 80.355 +0.712 3.1 0.786(0.054) 1 1.152(0.099) 3.960(0.210) 4.123 -64.955 1 0.325(0.110) 0.762(0.228) 1.315 -18.716 6.2531 9.0679 0

G080.366+00.446 20:35:09.5 +41:13:26.6 80.366 +0.446 5.3 1.173(0.054) 1 3.062(0.095) 7.737(0.201) 2.123 8.567 1 0.708(0.117) 0.956(0.171) 1.227 56.429 1.4058 1.4058 6

G080.391+00.576 20:34:41.3 +41:19:19.3 80.391 +0.576 2.6 0.187(0.055) 0 · · · (0.090) · · · (0.232) · · · · · · 0 · · · (0.116) · · · (0.295) · · · · · · · · · · · · 0

G080.495+00.736 20:34:20.0 +41:30:02.7 80.495 +0.736 65.2 0.151(0.057) 1 0.283(0.067) 0.891(0.141) 2.224 -29.467 0 · · · (0.062) · · · (0.157) · · · · · · 3.0165 5.7910 0

G080.523+00.721 20:34:29.0 +41:30:53.4 80.523 +0.721 5.8 0.573(0.052) 5 1.083(0.082) 4.397(0.212) 4.684 -29.931 1 0.521(0.100) 1.391(0.208) 3.382 17.853 3.0628 5.8291 0

G080.635+00.685 20:34:59.8 +41:34:58.8 80.635 +0.685 1.6 1.414(0.061) 5 2.105(0.093) 7.600(0.196) 3.604 -2.425 1 0.555(0.115) 1.779(0.238) 3.328 45.692 0.6810 2.0529 0

G080.668+00.672 20:35:09.5 +41:36:03.1 80.668 +0.672 10.4 0.352(0.051) 1 0.504(0.078) 0.993(0.117) 1.935 -3.035 0 · · · (0.059) · · · (0.149) · · · · · · 0.4606 2.2640 0

G080.699+00.698 20:35:08.9 +41:38:29.1 80.699 +0.698 8.0 0.392(0.051) 1 0.589(0.084) 1.674(0.178) 2.902 -0.607 0 · · · (0.097) · · · (0.245) · · · · · · 1.3577 1.3577 6

G080.830+00.568 20:36:07.5 +41:40:04.5 80.830 +0.568 3.1 1.311(0.051) 1 4.302(0.092) 14.637(0.195) 3.213 11.416 1 1.943(0.119) 6.625(0.247) 3.613 59.092 1.3388 1.3388 6

G080.837+00.362 20:37:01.6 +41:32:57.4 80.837 +0.362 7.8 0.306(0.054) 0 · · · (0.082) · · · (0.213) · · · · · · 0 · · · (0.055) · · · (0.139) · · · · · · · · · · · · 0

G080.849-00.186 20:39:23.4 +41:13:36.5 80.849 -0.186 5.1 0.454(0.045) 2 · · · (0.076) · · · (0.322) · · · · · · 0 · · · (0.056) · · · (0.141) · · · · · · · · · · · · 0

G080.855+00.458 20:36:40.7 +41:37:19.2 80.855 +0.458 133.9 0.305(0.061) 0 · · · (0.082) · · · (0.212) · · · · · · 0 · · · (0.057) · · · (0.144) · · · · · · · · · · · · 0

G080.861+00.299 20:37:22.2 +41:31:50.7 80.861 +0.299 33.3 0.259(0.062) 0 · · · (0.067) · · · (0.173) · · · · · · 0 · · · (0.066) · · · (0.169) · · · · · · · · · · · · 0

G080.861-00.208 20:39:31.4 +41:13:22.2 80.861 -0.208 93.6 0.273(0.049) 0 · · · (0.078) · · · (0.202) · · · · · · 0 · · · (0.060) · · · (0.153) · · · · · · · · · · · · 0

G080.863+00.345 20:37:10.9 +41:33:37.1 80.863 +0.345 9.8 0.438(0.061) 1 0.738(0.078) 2.391(0.166) 3.358 -0.542 0 · · · (0.052) · · · (0.133) · · · · · · 1.3339 1.3339 6

G080.863+00.385 20:37:00.7 +41:35:04.0 80.863 +0.385 5.6 1.564(0.066) 1 3.263(0.095) 14.468(0.247) 4.851 -1.609 1 1.587(0.106) 4.830(0.221) 3.777 45.759 1.3339 1.3339 6

G080.863-00.092 20:39:02.2 +41:17:43.2 80.863 -0.092 20.4 0.381(0.048) 1 1.016(0.060) 2.361(0.127) 2.214 8.462 0 · · · (0.068) · · · (0.172) · · · · · · 1.3339 1.3339 6

G080.865+00.422 20:36:51.6 +41:36:28.7 80.865 +0.422 2.0 2.271(0.069) 1 3.148(0.100) 11.144(0.211) 3.848 -3.307 1 2.058(0.098) 5.904(0.204) 2.753 44.793 0.3890 2.2783 0

G080.883+00.306 20:37:24.9 +41:33:09.7 80.883 +0.306 0.9 0.410(0.060) 1 0.700(0.096) 2.036(0.203) 2.506 -3.013 0 · · · (0.104) · · · (0.263) · · · · · · 0.4870 2.1749 0

G080.917+00.330 20:37:25.3 +41:35:39.0 80.917 +0.330 1.1 0.344(0.053) 1 0.809(0.053) 2.005(0.111) 2.079 -1.867 0 · · · (0.058) · · · (0.148) · · · · · · 1.1416 1.5106 0

G080.939-00.126 20:39:25.7 +41:20:06.6 80.939 -0.126 7.9 1.680(0.068) 1 1.469(0.092) 7.083(0.237) 4.704 -1.951 0 · · · (0.108) · · · (0.274) · · · · · · 1.0565 1.5892 0

G080.953-00.292 20:40:10.5 +41:14:41.0 80.953 -0.292 5.6 0.246(0.049) 1 0.415(0.074) 0.617(0.110) 1.901 -3.615 0 · · · (0.065) · · · (0.164) · · · · · · 0.3039 2.3378 0

G080.955-00.154 20:39:36.0 +41:19:48.9 80.955 -0.154 1.9 0.907(0.058) 1 2.340(0.086) 3.658(0.128) 1.775 -2.731 1 0.588(0.100) 1.532(0.207) 1.856 45.251 0.6018 2.0394 0

G080.995-00.448 20:40:58.1 +41:10:57.6 80.995 -0.448 21.2 0.163(0.044) 0 · · · (0.091) · · · (0.235) · · · · · · 0 · · · (0.134) · · · (0.339) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G080.999-00.290 20:40:19.0 +41:16:55.8 80.999 -0.290 27.7 0.173(0.045) 0 · · · (0.069) · · · (0.178) · · · · · · 0 · · · (0.065) · · · (0.166) · · · · · · · · · · · · 0

G080.999-00.058 20:39:20.1 +41:25:26.8 80.999 -0.058 11.6 0.262(0.037) 1 0.515(0.061) 0.907(0.092) 0.490 -2.109 0 · · · (0.091) · · · (0.232) · · · · · · 0.9410 1.6873 0

G081.003+00.556 20:36:44.2 +41:47:58.4 81.003 +0.556 2.4 0.224(0.047) 1 0.741(0.074) 1.180(0.111) 1.019 13.756 0 · · · (0.081) · · · (0.205) · · · · · · 1.3136 1.3136 6

G081.019-00.304 20:40:26.4 +41:17:22.2 81.019 -0.304 7.9 0.188(0.041) 0 · · · (0.063) · · · (0.163) · · · · · · 0 · · · (0.066) · · · (0.168) · · · · · · · · · · · · 0

G081.031-00.235 20:40:11.1 +41:20:29.4 81.031 -0.235 5.3 0.214(0.043) 0 · · · (0.047) · · · (0.122) · · · · · · 0 · · · (0.049) · · · (0.124) · · · · · · · · · · · · 0

G081.041+00.594 20:36:41.8 +41:51:08.0 81.041 +0.594 8.0 0.261(0.049) 1 1.222(0.037) 2.049(0.055) 1.502 13.069 1 0.199(0.042) 0.315(0.062) 0.828 60.694 1.3082 1.3082 6

G081.045-00.152 20:39:53.0 +41:24:10.4 81.045 -0.152 5.6 0.517(0.056) 1 0.911(0.054) 2.137(0.114) 2.509 -4.551 0 · · · (0.067) · · · (0.169) · · · · · · 0.0609 2.5542 0

G081.119-00.138 20:40:03.9 +41:28:12.8 81.119 -0.138 9.2 1.082(0.048) 1 2.855(0.090) 6.638(0.192) 2.160 -5.088 1 1.155(0.094) 3.068(0.195) 1.085 42.791 0.0618 2.6554 0

G081.147+00.697 20:36:35.8 +41:59:57.6 81.147 +0.697 16.7 0.265(0.046) 1 0.211(0.060) 0.429(0.090) 1.321 12.446 0 · · · (0.060) · · · (0.153) · · · · · · 1.2928 1.2928 6

G081.175-00.099 20:40:04.8 +41:32:19.7 81.175 -0.099 5.5 1.722(0.046) 5 2.463(0.085) 6.831(0.179) 3.798 -4.567 1 1.610(0.097) 4.980(0.202) 3.113 43.072 0.0585 2.5189 0

G081.209+00.858 20:36:06.3 +42:08:43.9 81.209 +0.858 1.5 0.636(0.046) 1 1.693(0.089) 5.357(0.188) 2.981 14.574 1 0.624(0.095) 1.285(0.139) 1.487 62.301 1.2839 1.2839 6

G081.213+00.805 20:36:20.6 +42:07:01.2 81.213 +0.805 13.0 0.307(0.052) 1 2.062(0.045) 6.160(0.095) 2.554 14.682 1 0.311(0.061) 0.459(0.090) 1.047 62.547 1.2833 1.2833 6

G081.223+01.022 20:35:26.4 +42:15:19.4 81.223 +1.022 44.9 0.282(0.049) 1 1.050(0.061) 2.543(0.130) 2.330 13.846 0 · · · (0.057) · · · (0.144) · · · · · · 1.2820 1.2820 6

G081.249+01.126 20:35:04.7 +42:20:18.1 81.249 +1.126 13.8 0.271(0.048) 1 0.481(0.064) 0.851(0.096) 2.067 9.371 0 · · · (0.058) · · · (0.147) · · · · · · 1.2782 1.2782 6

G081.271+01.000 20:35:41.7 +42:16:48.9 81.271 +1.000 8.7 0.310(0.048) 1 0.650(0.092) 1.613(0.195) 2.767 12.967 0 · · · (0.100) · · · (0.254) · · · · · · 1.2750 1.2750 6

G081.273+00.917 20:36:03.4 +42:13:55.7 81.273 +0.917 16.0 0.287(0.054) 1 0.711(0.082) 1.186(0.122) 2.039 14.038 0 · · · (0.102) · · · (0.260) · · · · · · 1.2747 1.2747 6

G081.303+01.054 20:35:33.8 +42:20:16.9 81.303 +1.054 6.5 2.916(0.058) 1 7.619(0.104) 25.506(0.220) 3.737 15.436 1 3.988(0.094) 12.564(0.194) 3.369 62.951 1.2704 1.2704 6

G081.314-00.102 20:40:32.9 +41:38:45.4 81.314 -0.102 5.7 0.452(0.038) 1 1.972(0.056) 5.240(0.119) 2.082 -5.713 1 0.682(0.061) 1.779(0.126) 1.862 42.258 0.1971 2.7344 0

G081.321+00.704 20:37:08.0 +42:08:29.5 81.321 +0.704 14.4 0.170(0.062) 1 0.946(0.049) 1.924(0.073) 1.485 15.768 0 · · · (0.054) · · · (0.138) · · · · · · 1.2677 1.2677 6

G081.333+01.248 20:34:49.1 +42:28:42.7 81.333 +1.248 63.0 0.200(0.048) 1 0.443(0.041) 0.778(0.062) 1.737 13.060 0 · · · (0.039) · · · (0.099) · · · · · · 1.2662 1.2662 6

G081.343+00.762 20:36:57.3 +42:11:40.2 81.343 +0.762 8.8 2.378(0.058) 5 4.644(0.090) 21.502(0.233) 5.062 15.119 1 4.087(0.093) 13.698(0.192) 3.831 63.363 1.2645 1.2645 6

G081.361+00.615 20:37:38.6 +42:07:13.0 81.361 +0.615 2.8 0.209(0.055) 1 0.432(0.037) 0.795(0.055) 1.242 -0.204 0 · · · (0.037) · · · (0.093) · · · · · · 1.2618 1.2618 6

G081.371+00.879 20:36:32.4 +42:17:15.4 81.371 +0.879 9.5 0.264(0.045) 1 0.404(0.042) 0.669(0.062) 1.108 3.075 0 · · · (0.036) · · · (0.091) · · · · · · 1.2605 1.2605 6

G081.381+01.221 20:35:05.6 +42:30:04.3 81.381 +1.221 11.2 0.215(0.048) 1 0.425(0.086) 0.711(0.129) 1.718 9.611 0 · · · (0.103) · · · (0.262) · · · · · · 1.2591 1.2591 6

G081.383+00.707 20:37:19.2 +42:11:36.0 81.383 +0.707 11.3 0.248(0.057) 1 0.963(0.054) 2.815(0.113) 2.632 16.506 1 0.301(0.054) 0.383(0.080) 4.014 64.689 1.2587 1.2587 6

G081.397+01.238 20:35:04.3 +42:31:26.5 81.397 +1.238 93.6 0.160(0.046) 1 0.282(0.032) 0.849(0.068) 3.051 11.053 0 · · · (0.043) · · · (0.109) · · · · · · 1.2568 1.2568 6

G081.401-00.026 20:40:30.8 +41:45:42.9 81.401 -0.026 1.3 0.506(0.045) 1 1.500(0.084) 3.693(0.178) 2.609 -4.058 1 0.635(0.101) 1.554(0.209) 1.738 43.639 0.1948 2.3170 0

G081.405+01.038 20:35:57.8 +42:24:37.0 81.405 +1.038 9.3 0.181(0.048) 1 0.412(0.039) 1.201(0.083) 2.905 -65.692 0 · · · (0.041) · · · (0.105) · · · · · · 6.4313 8.9425 0

G081.429+00.493 20:38:23.3 +42:06:00.5 81.429 +0.493 8.8 0.306(0.054) 0 · · · (0.044) · · · (0.114) · · · · · · 0 · · · (0.045) · · · (0.115) · · · · · · · · · · · · 0

G081.434+00.705 20:37:29.8 +42:14:00.0 81.434 +0.705 7.8 0.792(0.052) 1 2.310(0.077) 6.530(0.162) 2.225 -2.140 1 1.024(0.095) 2.676(0.197) 2.439 45.609 1.2512 1.2512 6
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G081.445+00.764 20:37:16.8 +42:16:36.6 81.445 +0.764 5.3 0.651(0.063) 1 1.390(0.077) 2.799(0.115) 2.063 16.992 1 0.719(0.098) 1.815(0.204) 4.695 65.154 1.2497 1.2497 6

G081.450+00.730 20:37:26.4 +42:15:35.9 81.450 +0.730 16.9 0.443(0.055) 1 1.093(0.055) 2.815(0.116) 2.185 -1.915 0 · · · (0.062) · · · (0.157) · · · · · · 1.2490 1.2490 6

G081.453+00.472 20:38:33.6 +42:06:23.3 81.453 +0.472 9.5 0.702(0.048) 1 1.663(0.080) 4.599(0.169) 2.438 7.971 0 · · · (0.091) · · · (0.231) · · · · · · 1.2485 1.2485 6

G081.471-00.054 20:40:51.6 +41:48:00.0 81.471 -0.054 28.1 0.217(0.043) 1 0.415(0.026) 1.289(0.055) 2.651 -6.815 0 · · · (0.031) · · · (0.080) · · · · · · 0.4153 2.9069 0

G081.473-00.032 20:40:46.5 +41:48:53.2 81.473 -0.032 11.1 0.258(0.046) 1 0.616(0.041) 1.164(0.062) 1.786 -6.582 0 · · · (0.051) · · · (0.130) · · · · · · 0.3720 2.8630 0

G081.475+00.022 20:40:33.2 +41:50:58.7 81.475 +0.022 7.8 1.544(0.064) 5 1.537(0.081) 4.000(0.171) 2.384 -4.712 1 1.228(0.118) 2.011(0.172) 1.270 43.202 0.0258 2.4646 0

G081.480+00.512 20:38:28.6 +42:09:09.1 81.480 +0.512 2.5 0.168(0.045) 0 · · · (0.033) · · · (0.087) · · · · · · 0 · · · (0.035) · · · (0.089) · · · · · · · · · · · · 0

G081.483+01.364 20:34:48.2 +42:40:05.3 81.483 +1.364 11.5 0.180(0.051) 0 · · · (0.035) · · · (0.091) · · · · · · 0 · · · (0.038) · · · (0.097) · · · · · · · · · · · · 0

G081.499+00.558 20:38:20.5 +42:11:42.6 81.499 +0.558 5.6 0.554(0.048) 1 0.845(0.069) 1.489(0.104) 1.705 -1.920 0 · · · (0.087) · · · (0.221) · · · · · · 1.2418 1.2418 6

G081.501+00.479 20:38:41.0 +42:08:56.3 81.501 +0.479 13.8 0.158(0.038) 0 · · · (0.034) · · · (0.089) · · · · · · 0 · · · (0.040) · · · (0.102) · · · · · · · · · · · · 0

G081.511+00.032 20:40:37.8 +41:53:04.4 81.511 +0.032 2.4 0.473(0.065) 1 0.702(0.062) 1.490(0.093) 1.925 -5.735 0 · · · (0.068) · · · (0.173) · · · · · · 0.2050 2.6848 0

G081.519+00.608 20:38:11.5 +42:14:28.9 81.519 +0.608 7.3 0.114(0.052) 1 0.160(0.037) 0.323(0.056) NaN 16.838 0 · · · (0.039) · · · (0.098) · · · · · · 1.2389 1.2389 6

G081.519+00.196 20:39:57.4 +41:59:27.0 81.519 +0.196 2.0 0.572(0.046) 1 1.346(0.077) 2.487(0.116) 1.738 7.592 1 0.380(0.084) 0.674(0.123) 0.950 55.701 1.2388 1.2388 6

G081.523+00.064 20:40:31.9 +41:54:47.4 81.523 +0.064 5.0 0.370(0.054) 1 0.292(0.056) 0.569(0.084) 1.984 -5.903 0 · · · (0.055) · · · (0.139) · · · · · · 0.2400 2.7165 0

G081.525+00.566 20:38:23.5 +42:13:14.2 81.525 +0.566 9.1 0.412(0.047) 1 0.290(0.045) 0.560(0.068) 1.829 -2.118 0 · · · (0.042) · · · (0.107) · · · · · · 1.2381 1.2381 6

G081.531+00.210 20:39:56.2 +42:00:33.2 81.531 +0.210 66.1 0.528(0.048) 1 1.416(0.066) 3.515(0.139) 2.248 8.368 1 0.315(0.051) 0.457(0.075) 0.913 56.395 1.2370 1.2370 6

G081.543+00.988 20:36:37.9 +42:29:23.5 81.543 +0.988 5.0 0.791(0.043) 1 1.757(0.072) 5.245(0.152) 2.494 2.373 1 0.604(0.090) 1.056(0.132) 0.500 50.334 1.2356 1.2356 6

G081.547-00.043 20:41:03.8 +41:52:01.5 81.547 -0.043 8.4 0.521(0.038) 1 0.732(0.058) 1.947(0.122) 2.076 0.110 0 · · · (0.081) · · · (0.205) · · · · · · 1.2348 1.2348 6

G081.549+00.098 20:40:28.1 +41:57:16.1 81.549 +0.098 7.4 1.114(0.057) 1 3.614(0.078) 9.186(0.164) 2.405 -6.343 1 1.191(0.077) 2.094(0.113) 1.563 41.559 0.3285 2.7976 0

G081.563-00.092 20:41:19.5 +41:50:57.5 81.563 -0.092 10.0 0.151(0.044) 1 0.197(0.034) 0.581(0.072) 2.869 -0.089 0 · · · (0.038) · · · (0.097) · · · · · · 1.2325 1.2325 6

G081.563+00.278 20:39:45.0 +42:04:32.5 81.563 +0.278 6.9 0.239(0.045) 1 0.624(0.039) 1.492(0.082) 2.083 -7.473 0 · · · (0.041) · · · (0.104) · · · · · · 0.5371 3.0021 0

G081.567+00.334 20:39:31.5 +42:06:47.4 81.567 +0.334 12.7 0.273(0.048) 1 0.674(0.042) 1.063(0.062) 1.280 -6.021 0 · · · (0.044) · · · (0.111) · · · · · · 0.2656 2.7293 0

G081.584+00.105 20:40:33.3 +41:59:11.4 81.584 +0.105 3.2 1.071(0.053) 1 3.092(0.076) 7.338(0.160) 2.115 -6.211 1 1.278(0.073) 2.172(0.107) 1.528 41.530 0.3035 2.7625 0

G081.593+00.061 20:40:46.3 +41:58:02.7 81.593 +0.061 2.8 0.532(0.053) 1 1.429(0.073) 3.358(0.155) 2.176 -7.233 0 · · · (0.076) · · · (0.192) · · · · · · 0.4956 2.9518 0

G081.597+00.422 20:39:14.7 +42:11:26.1 81.597 +0.422 9.8 0.317(0.049) 1 0.683(0.029) 1.095(0.044) 1.438 -4.049 0 · · · (0.040) · · · (0.102) · · · · · · 0.2023 2.2528 0

G081.601+01.332 20:35:19.6 +42:44:36.1 81.601 +1.332 6.1 0.139(0.050) 0 · · · (0.048) · · · (0.125) · · · · · · 0 · · · (0.075) · · · (0.190) · · · · · · · · · · · · 0

G081.619+01.117 20:36:19.1 +42:37:45.2 81.619 +1.117 12.2 0.270(0.052) 1 0.672(0.039) 0.958(0.058) 1.551 3.733 0 · · · (0.042) · · · (0.106) · · · · · · 1.2245 1.2245 6

G081.623+00.456 20:39:11.1 +42:13:54.6 81.623 +0.456 9.6 0.335(0.050) 5 0.499(0.047) 1.579(0.100) 2.951 -2.598 0 · · · (0.043) · · · (0.110) · · · · · · 0.7857 1.6619 0

G081.623+00.776 20:37:48.7 +42:25:33.8 81.623 +0.776 49.1 0.292(0.059) 1 0.633(0.037) 0.955(0.056) 0.780 -0.806 0 · · · (0.036) · · · (0.091) · · · · · · 1.2238 1.2238 6

G081.633+00.468 20:39:10.1 +42:14:49.3 81.633 +0.468 19.5 0.304(0.054) 1 0.463(0.034) 1.408(0.072) 2.522 -2.366 0 · · · (0.036) · · · (0.091) · · · · · · 0.9902 1.4545 0



142

Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G081.639+00.483 20:39:07.3 +42:15:40.6 81.639 +0.483 7.1 0.324(0.061) 1 0.420(0.044) 1.178(0.094) 2.435 -2.446 0 · · · (0.069) · · · (0.176) · · · · · · 0.9077 1.5352 0

G081.639+00.103 20:40:44.7 +42:01:45.9 81.639 +0.103 3.8 0.440(0.050) 1 1.821(0.039) 3.135(0.059) 1.666 -6.007 1 0.445(0.042) 0.852(0.061) 1.671 42.011 0.2637 2.7065 0

G081.641+00.747 20:37:59.5 +42:25:22.1 81.641 +0.747 28.9 0.293(0.057) 1 0.193(0.040) 0.630(0.105) 6.955 -2.686 0 · · · (0.037) · · · (0.095) · · · · · · 0.7330 1.7095 0

G081.651+00.720 20:38:08.6 +42:24:52.3 81.651 +0.720 6.0 0.451(0.049) 1 0.392(0.051) 1.173(0.188) 14.067 0.687 0 · · · (0.069) · · · (0.174) · · · · · · 1.2198 1.2198 6

G081.653+00.138 20:40:38.8 +42:03:41.7 81.653 +0.138 15.7 0.128(0.047) 1 0.514(0.036) 0.681(0.053) 1.385 -6.424 0 · · · (0.042) · · · (0.107) · · · · · · 0.3472 2.7860 0

G081.665+00.466 20:39:16.9 +42:16:16.0 81.665 +0.466 8.6 0.770(0.059) 1 1.865(0.068) 6.686(0.145) 4.054 19.975 1 0.930(0.074) 3.035(0.154) 3.553 67.746 1.2177 1.2177 6

G081.667+00.146 20:40:39.2 +42:04:40.4 81.667 +0.146 71.0 0.110(0.047) 1 0.282(0.040) 0.489(0.059) 1.518 -5.953 0 · · · (0.039) · · · (0.098) · · · · · · 0.2534 2.6881 0

G081.669+00.123 20:40:45.6 +42:03:55.7 81.669 +0.123 30.1 0.174(0.049) 1 0.428(0.037) 0.712(0.055) 1.881 -7.220 0 · · · (0.041) · · · (0.103) · · · · · · 0.4963 2.9304 0

G081.681+00.541 20:39:00.5 +42:19:47.4 81.681 +0.541 4.5 17.269(0.105) 4 6.401(0.071) 35.525(0.212) 8.064 -2.412 1 3.609(0.091) 9.537(0.188) 2.484 45.850 0.9628 1.4681 4

G081.693+00.146 20:40:44.5 +42:05:53.1 81.693 +0.146 7.2 0.318(0.045) 1 0.307(0.038) 0.977(0.080) 2.741 -6.136 0 · · · (0.040) · · · (0.102) · · · · · · 0.2912 2.7184 0

G081.709+01.314 20:35:45.5 +42:49:08.8 81.709 +1.314 26.3 0.278(0.053) 0 · · · (0.048) · · · (0.123) · · · · · · 0 · · · (0.081) · · · (0.205) · · · · · · · · · · · · 0

G081.721+00.574 20:39:00.1 +42:22:52.8 81.721 +0.574 5.5 15.622(0.118) 5 7.916(0.079) 45.489(0.266) 9.528 -3.248 1 5.373(0.094) 29.040(0.239) 4.199 45.967 0.4772 1.9420 4

G081.727+00.100 20:41:02.9 +42:05:47.3 81.727 +0.100 6.0 0.224(0.045) 0 · · · (0.047) · · · (0.122) · · · · · · 0 · · · (0.072) · · · (0.182) · · · · · · · · · · · · 0

G081.731+01.298 20:35:54.1 +42:49:35.8 81.731 +1.298 6.8 0.226(0.049) 0 · · · (0.040) · · · (0.104) · · · · · · 0 · · · (0.044) · · · (0.111) · · · · · · · · · · · · 0

G081.751+00.094 20:41:09.3 +42:06:42.5 81.751 +0.094 2.5 0.151(0.046) 1 0.162(0.044) 0.527(0.093) 3.672 14.837 0 · · · (0.074) · · · (0.188) · · · · · · 1.2052 1.2052 6

G081.753+00.592 20:39:01.7 +42:25:04.3 81.753 +0.592 0.9 5.368(0.110) 4 4.584(0.082) 12.506(0.174) 3.736 -4.384 1 4.761(0.079) 15.752(0.164) 3.417 44.007 0.1121 2.2978 0

G081.759+00.814 20:38:05.6 +42:33:25.6 81.759 +0.814 8.5 0.352(0.055) 1 1.164(0.040) 2.040(0.060) 1.851 -1.810 1 0.201(0.036) 0.277(0.053) 1.132 46.532 1.2042 1.2042 6

G081.763+01.351 20:35:46.3 +42:53:05.8 81.763 +1.351 11.7 0.291(0.052) 1 0.274(0.032) 0.420(0.047) NaN 4.340 0 · · · (0.035) · · · (0.089) · · · · · · 1.2038 1.2038 6

G081.765+00.640 20:38:51.8 +42:27:22.6 81.765 +0.640 2.5 0.464(0.065) 1 1.881(0.061) 4.901(0.323) 2.249 -2.985 1 0.642(0.073) 1.149(0.106) 0.966 44.717 0.5970 1.8095 0

G081.767+00.789 20:38:13.6 +42:32:56.6 81.767 +0.789 4.2 0.228(0.056) 1 0.369(0.033) 0.995(0.070) 2.981 -1.510 0 · · · (0.041) · · · (0.105) · · · · · · 1.2029 1.2029 6

G081.777+01.264 20:36:12.0 +42:50:36.4 81.777 +1.264 42.0 0.194(0.052) 0 · · · (0.040) · · · (0.103) · · · · · · 0 · · · (0.048) · · · (0.122) · · · · · · · · · · · · 0

G081.797+00.912 20:37:47.6 +42:38:47.9 81.797 +0.912 8.5 0.415(0.056) 1 2.001(0.044) 3.459(0.066) 1.716 -0.740 1 0.598(0.043) 1.515(0.089) 1.748 47.075 1.1987 1.1987 6

G081.819+01.282 20:36:15.5 +42:53:15.7 81.819 +1.282 7.6 0.314(0.051) 1 0.590(0.032) 0.972(0.048) 1.537 11.863 1 0.195(0.036) 0.274(0.052) 0.979 59.479 1.1956 1.1956 6

G081.831+00.820 20:38:18.3 +42:37:04.9 81.831 +0.820 13.0 0.229(0.085) 1 1.451(0.039) 1.959(0.059) 1.307 -2.617 1 0.311(0.044) 0.485(0.064) 1.178 45.227 0.8319 1.5554 0

G081.832+00.852 20:38:10.2 +42:38:19.6 81.832 +0.852 6.7 0.803(0.064) 1 1.110(0.065) 2.416(0.097) 1.772 -2.216 1 0.384(0.074) 0.906(0.153) 0.805 46.156 1.1935 1.1935 6

G081.837+01.206 20:36:39.1 +42:51:23.2 81.837 +1.206 5.4 0.753(0.054) 1 1.394(0.068) 3.468(0.144) 2.397 12.598 1 0.328(0.075) 0.698(0.109) 1.464 61.154 1.1929 1.1929 6

G081.841+00.908 20:37:57.4 +42:40:48.3 81.841 +0.908 13.3 0.624(0.060) 1 1.174(0.073) 3.593(0.154) 2.617 -1.249 1 0.496(0.072) 0.713(0.105) 4.042 46.595 1.1922 1.1922 6

G081.844+00.881 20:38:04.9 +42:39:58.4 81.844 +0.881 4.0 1.182(0.060) 1 1.441(0.064) 3.889(0.135) 2.104 -2.317 1 0.774(0.070) 1.045(0.103) 1.033 45.539 1.1918 1.1918 6

G081.859+00.962 20:37:46.9 +42:43:35.2 81.859 +0.962 24.4 0.212(0.058) 1 0.951(0.037) 2.520(0.079) 2.138 -0.918 1 0.190(0.043) 0.308(0.063) 0.541 46.959 1.1897 1.1897 6

G081.873+00.783 20:38:36.1 +42:37:45.6 81.873 +0.783 6.2 10.960(0.094) 1 8.381(0.067) 40.237(0.175) 5.133 9.716 1 5.350(0.064) 18.774(0.134) 3.875 56.694 1.1876 1.1876 4
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G081.897+00.814 20:38:32.8 +42:40:00.5 81.897 +0.814 5.2 0.903(0.074) 1 3.118(0.076) 7.638(0.161) 2.247 12.777 1 0.953(0.072) 1.587(0.106) 1.141 60.805 1.1842 1.1842 6

G081.905+00.854 20:38:24.2 +42:41:52.0 81.905 +0.854 50.8 0.139(0.055) 1 0.552(0.037) 0.854(0.056) 1.466 -2.842 0 · · · (0.041) · · · (0.104) · · · · · · 0.6975 1.6683 0

G081.908+00.396 20:40:22.9 +42:25:14.6 81.908 +0.396 5.8 0.170(0.040) 0 · · · (0.034) · · · (0.088) · · · · · · 0 · · · (0.041) · · · (0.103) · · · · · · · · · · · · 0

G081.939+00.924 20:38:12.6 +42:46:01.1 81.939 +0.924 28.0 0.115(0.050) 1 0.147(0.034) 0.443(0.072) 4.089 -1.782 0 · · · (0.038) · · · (0.096) · · · · · · 1.1781 1.1781 6

G081.939+00.777 20:38:50.6 +42:40:41.1 81.939 +0.777 12.8 0.165(0.057) 1 0.657(0.037) 1.130(0.055) 1.671 11.915 0 · · · (0.041) · · · (0.104) · · · · · · 1.1780 1.1780 6

G081.945+00.752 20:38:58.6 +42:40:03.5 81.945 +0.752 4.9 0.145(0.053) 1 0.278(0.036) 0.461(0.055) 1.655 11.892 0 · · · (0.043) · · · (0.109) · · · · · · 1.1771 1.1771 6

G081.955+00.756 20:38:59.4 +42:40:39.4 81.955 +0.756 41.1 0.079(0.057) 0 · · · (0.038) · · · (0.100) · · · · · · 0 · · · (0.039) · · · (0.099) · · · · · · · · · · · · 0

G081.957+00.792 20:38:50.5 +42:42:03.9 81.957 +0.792 4.3 0.224(0.061) 1 0.784(0.037) 1.101(0.055) 1.324 12.805 0 · · · (0.043) · · · (0.109) · · · · · · 1.1754 1.1754 6

G082.027-00.260 20:43:34.5 +42:06:39.6 82.027 -0.260 10.1 0.223(0.042) 1 0.598(0.069) 1.073(0.103) 0.814 7.691 0 · · · (0.060) · · · (0.152) · · · · · · 1.1652 1.1652 6

G082.059+00.722 20:39:28.9 +42:44:22.4 82.059 +0.722 161.7 0.092(0.054) 0 · · · (0.073) · · · (0.189) · · · · · · 0 · · · (0.055) · · · (0.139) · · · · · · · · · · · · 0

G082.070+00.770 20:39:18.8 +42:46:39.9 82.070 +0.770 29.9 0.138(0.055) 0 · · · (0.078) · · · (0.201) · · · · · · 0 · · · (0.059) · · · (0.149) · · · · · · · · · · · · 0

G082.187+00.102 20:42:34.2 +42:27:37.7 82.187 +0.102 3.6 0.478(0.051) 1 0.923(0.045) 2.011(0.068) 1.944 9.947 1 0.327(0.052) 0.576(0.075) 1.007 57.778 1.1419 1.1419 6

G082.309+00.729 20:40:16.9 +42:56:32.4 82.309 +0.729 2.8 0.361(0.063) 5 0.423(0.051) 0.826(0.076) 2.016 11.494 0 · · · (0.050) · · · (0.128) · · · · · · 1.1242 1.1242 6

G082.353+00.218 20:42:37.9 +42:39:46.9 82.353 +0.218 15.9 0.136(0.046) 0 · · · (0.068) · · · (0.177) · · · · · · 0 · · · (0.055) · · · (0.141) · · · · · · · · · · · · 0

G082.365+00.268 20:42:27.2 +42:42:11.6 82.365 +0.268 2.0 0.409(0.043) 1 0.421(0.077) 1.189(0.363) 2.802 9.793 0 · · · (0.063) · · · (0.160) · · · · · · 1.1161 1.1161 6

G082.391+00.403 20:41:57.7 +42:48:25.7 82.391 +0.403 9.3 0.288(0.047) 0 · · · (0.070) · · · (0.181) · · · · · · 0 · · · (0.057) · · · (0.144) · · · · · · · · · · · · 0

G082.416+00.382 20:42:08.1 +42:48:48.8 82.416 +0.382 111.3 0.084(0.047) 0 · · · (0.071) · · · (0.185) · · · · · · 0 · · · (0.051) · · · (0.129) · · · · · · · · · · · · 0

G082.419+00.437 20:41:54.6 +42:51:00.2 82.419 +0.437 16.1 0.133(0.041) 0 · · · (0.066) · · · (0.348) · · · · · · 0 · · · (0.068) · · · (0.174) · · · · · · · · · · · · 0

G082.437+00.374 20:42:14.6 +42:49:31.4 82.437 +0.374 182.1 0.096(0.043) 1 0.144(0.040) 0.230(0.060) NaN 18.050 0 · · · (0.086) · · · (0.218) · · · · · · 1.1056 1.1056 6

G082.447+00.406 20:42:08.2 +42:51:09.4 82.447 +0.406 106.5 0.109(0.039) 0 · · · (0.073) · · · (0.189) · · · · · · 0 · · · (0.051) · · · (0.129) · · · · · · · · · · · · 0

G082.475+00.415 20:42:11.6 +42:52:49.2 82.475 +0.415 0.4 0.455(0.037) 1 0.460(0.073) 1.903(0.300) 10.569 -7.877 0 · · · (0.055) · · · (0.081) · · · · · · 0.6493 2.8495 0

G082.517+00.117 20:43:36.6 +42:43:47.3 82.517 +0.117 28.6 0.335(0.043) 1 0.473(0.074) 0.739(0.111) 1.431 9.444 0 · · · (0.101) · · · (0.255) · · · · · · 1.0940 1.0940 6

G082.533+00.256 20:43:04.4 +42:49:40.7 82.533 +0.256 10.2 0.111(0.041) 0 · · · (0.086) · · · (0.224) · · · · · · 0 · · · (0.108) · · · (0.275) · · · · · · · · · · · · 0

G082.537+00.278 20:42:59.5 +42:50:40.3 82.537 +0.278 15.0 0.142(0.042) 0 · · · (0.050) · · · (0.131) · · · · · · 0 · · · (0.051) · · · (0.130) · · · · · · · · · · · · 0

G082.553+00.234 20:43:14.0 +42:49:48.5 82.553 +0.234 8.1 0.157(0.044) 1 0.803(0.094) 1.232(0.140) 1.540 10.601 1 0.308(0.102) 0.509(0.150) 1.053 58.641 1.0887 1.0887 6

G082.555+00.036 20:44:05.3 +42:42:33.4 82.555 +0.036 15.2 0.173(0.043) 1 0.381(0.088) 0.658(0.132) 1.547 9.649 0 · · · (0.107) · · · (0.273) · · · · · · 1.0884 1.0884 6

G082.569+00.121 20:43:46.2 +42:46:24.2 82.569 +0.121 2.4 0.346(0.044) 1 1.007(0.088) 3.086(0.187) 2.667 9.756 1 0.788(0.103) 1.350(0.150) 1.468 57.641 1.0864 1.0864 6

G082.583+00.202 20:43:28.3 +42:50:03.9 82.583 +0.202 6.4 0.898(0.052) 1 1.218(0.052) 3.437(0.109) 2.510 11.440 1 0.250(0.056) 0.525(0.082) 1.600 58.971 1.0843 1.0843 6

G082.587+00.141 20:43:44.9 +42:47:57.3 82.587 +0.141 62.7 0.178(0.047) 1 0.384(0.078) 0.562(0.117) 0.930 10.479 0 · · · (0.091) · · · (0.231) · · · · · · 1.0837 1.0837 6

G082.613+00.118 20:43:56.0 +42:48:20.3 82.613 +0.118 12.6 0.310(0.046) 1 0.773(0.039) 1.541(0.058) 1.937 11.369 1 0.198(0.056) 0.404(0.082) 1.074 59.140 1.0800 1.0800 6
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G083.035+00.179 20:45:06.2 +43:10:28.7 83.035 +0.179 6.3 0.450(0.050) 1 0.517(0.095) 1.509(0.200) 2.986 -1.085 0 · · · (0.092) · · · (0.232) · · · · · · 1.0186 1.0186 6

G083.465+00.160 20:46:39.8 +43:29:52.1 83.465 +0.160 1.4 0.477(0.045) 1 1.029(0.069) 2.589(0.146) 2.735 -4.896 1 0.358(0.092) 0.865(0.190) 0.500 42.727 0.0146 1.9267 0

G084.025-00.005 20:49:19.1 +43:49:48.8 84.025 -0.005 10.8 0.270(0.046) 0 · · · (0.084) · · · (0.217) · · · · · · 0 · · · (0.086) · · · (0.219) · · · · · · · · · · · · 0

G084.453-00.135 20:51:23.0 +44:04:41.9 84.453 -0.135 7.0 0.222(0.059) 1 1.014(0.074) 1.991(0.111) 1.324 4.341 0 · · · (0.088) · · · (0.222) · · · · · · 0.8120 0.8120 6

G084.519+00.174 20:50:17.3 +44:19:31.4 84.519 +0.174 9.7 0.284(0.080) 1 0.458(0.066) 0.720(0.099) 1.084 -0.765 0 · · · (0.082) · · · (0.209) · · · · · · 0.8024 0.8024 6

G084.532+00.160 20:50:23.9 +44:19:37.3 84.532 +0.160 45.8 0.123(0.083) 1 0.376(0.071) 0.682(0.107) 2.071 -0.806 0 · · · (0.089) · · · (0.224) · · · · · · 0.8004 0.8004 6

G084.542+00.080 20:50:46.7 +44:17:00.4 84.542 +0.080 14.5 0.183(0.069) 1 1.206(0.081) 1.594(0.121) 0.852 -0.578 0 · · · (0.080) · · · (0.202) · · · · · · 0.7990 0.7990 6

G084.546+00.106 20:50:40.7 +44:18:12.5 84.546 +0.106 12.2 1.001(0.091) 1 2.394(0.052) 4.996(0.078) 2.024 -1.028 1 0.762(0.055) 1.860(0.114) 1.677 47.043 0.7984 0.7984 6

G084.591+00.166 20:50:34.8 +44:22:34.3 84.591 +0.166 10.7 0.474(0.093) 1 2.115(0.069) 5.838(0.146) 2.362 -2.946 1 0.565(0.080) 1.201(0.117) 1.501 45.101 0.7918 0.7918 6

G084.598+00.144 20:50:42.1 +44:22:03.1 84.598 +0.144 79.7 0.158(0.097) 1 0.902(0.095) 2.500(0.200) 3.318 -2.037 1 0.350(0.079) 1.036(0.163) 2.196 45.114 0.7908 0.7908 6

G084.621+00.147 20:50:46.0 +44:23:13.5 84.621 +0.147 113.8 0.189(0.086) 1 1.222(0.117) 2.243(0.176) 1.715 -1.949 0 · · · (0.090) · · · (0.227) · · · · · · 0.7875 0.7875 6

G084.621+00.202 20:50:31.9 +44:25:18.6 84.621 +0.202 9.0 0.544(0.067) 1 0.955(0.075) 2.967(0.160) 2.684 -1.260 1 0.561(0.080) 0.797(0.117) 1.069 46.770 0.7875 0.7875 6

G084.651+00.158 20:50:49.6 +44:25:01.2 84.651 +0.158 23.8 0.242(0.068) 1 0.510(0.063) 1.287(0.134) 2.298 -1.408 0 · · · (0.083) · · · (0.211) · · · · · · 0.7831 0.7831 6

G084.666+00.412 20:49:46.9 +44:35:24.7 84.666 +0.412 83.1 0.155(0.054) 0 · · · (0.055) · · · (0.142) · · · · · · 0 · · · (0.068) · · · (0.172) · · · · · · · · · · · · 0

G084.668+00.394 20:49:52.0 +44:34:48.7 84.668 +0.394 21.0 0.236(0.059) 1 0.436(0.070) 1.189(0.149) 2.131 -2.201 0 · · · (0.074) · · · (0.188) · · · · · · 0.7806 0.7806 6

G084.676+00.433 20:49:43.5 +44:36:40.7 84.676 +0.433 54.6 0.090(0.049) 0 · · · (0.085) · · · (0.220) · · · · · · 0 · · · (0.095) · · · (0.241) · · · · · · · · · · · · 0

G084.683+00.476 20:49:33.8 +44:38:37.2 84.683 +0.476 189.1 0.068(0.057) 0 · · · (0.122) · · · (0.316) · · · · · · 0 · · · (0.089) · · · (0.225) · · · · · · · · · · · · 0

G084.696+00.492 20:49:32.4 +44:39:51.4 84.696 +0.492 248.6 0.121(0.062) 0 · · · (0.072) · · · (0.188) · · · · · · 0 · · · (0.086) · · · (0.217) · · · · · · · · · · · · 0

G084.702-01.268 20:57:04.9 +43:32:22.0 84.702 -1.268 72.8 0.084(0.064) 0 · · · (0.076) · · · (0.197) · · · · · · 0 · · · (0.078) · · · (0.199) · · · · · · · · · · · · 0

G084.714+00.338 20:50:16.3 +44:34:50.6 84.714 +0.338 10.4 0.291(0.072) 1 0.700(0.105) 1.344(0.157) 1.616 1.281 1 0.307(0.080) 0.498(0.117) 1.700 48.887 0.7738 0.7738 6

G084.728-01.266 20:57:10.0 +43:33:38.2 84.728 -1.266 69.5 0.086(0.077) 0 · · · (0.061) · · · (0.290) · · · · · · 0 · · · (0.065) · · · (0.164) · · · · · · · · · · · · 0

G084.745-01.228 20:57:04.2 +43:35:53.4 84.745 -1.228 36.8 0.121(0.079) 1 0.651(0.052) 0.924(0.077) 1.491 1.528 0 · · · (0.051) · · · (0.129) · · · · · · 0.7695 0.7695 6

G084.750+00.276 20:50:40.2 +44:34:09.5 84.750 +0.276 16.5 0.192(0.071) 0 · · · (0.053) · · · (0.249) · · · · · · 0 · · · (0.057) · · · (0.144) · · · · · · · · · · · · 0

G084.752-01.038 20:56:17.7 +43:43:37.9 84.752 -1.038 263.7 0.080(0.056) 0 · · · (0.061) · · · (0.158) · · · · · · 0 · · · (0.072) · · · (0.182) · · · · · · · · · · · · 0

G084.755+00.256 20:50:46.4 +44:33:35.0 84.755 +0.256 5.9 0.301(0.071) 1 1.880(0.068) 4.910(0.144) 2.383 0.601 0 · · · (0.072) · · · (0.184) · · · · · · 0.7679 0.7679 6

G084.776-01.002 20:56:13.8 +43:46:06.9 84.776 -1.002 369.5 -0.001(0.061) 0 · · · (0.101) · · · (0.263) · · · · · · 0 · · · (0.091) · · · (0.230) · · · · · · · · · · · · 0

G084.801-01.161 20:56:59.2 +43:41:05.5 84.801 -1.161 69.2 0.104(0.106) 1 0.515(0.050) 1.324(0.106) 2.205 1.302 0 · · · (0.058) · · · (0.147) · · · · · · 0.7613 0.7613 6

G084.821-01.258 20:57:28.0 +43:38:09.1 84.821 -1.258 269.6 0.009(0.085) 0 · · · (0.077) · · · (0.201) · · · · · · 0 · · · (0.073) · · · (0.185) · · · · · · · · · · · · 0

G084.832-01.150 20:57:03.3 +43:42:54.5 84.832 -1.150 119.9 0.053(0.079) 1 0.235(0.049) 0.428(0.073) 1.813 0.467 0 · · · (0.047) · · · (0.119) · · · · · · 0.7567 0.7567 6

G084.836-01.092 20:56:49.4 +43:45:21.4 84.836 -1.092 22.5 1.316(0.097) 1 0.582(0.045) 1.887(0.095) 3.136 1.846 1 0.431(0.063) 1.185(0.131) 1.629 49.407 0.7562 0.7562 6
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G084.855-01.070 20:56:47.9 +43:47:01.8 84.855 -1.070 63.1 0.253(0.088) 1 0.394(0.041) 0.833(0.178) 2.049 1.270 0 · · · (0.054) · · · (0.137) · · · · · · 0.7535 0.7535 6

G084.857-01.164 20:57:12.0 +43:43:28.4 84.857 -1.164 96.7 0.033(0.062) 0 · · · (0.062) · · · (0.161) · · · · · · 0 · · · (0.063) · · · (0.161) · · · · · · · · · · · · 0

G084.862-01.239 20:57:32.0 +43:40:47.9 84.862 -1.239 167.0 -0.022(0.066) 0 · · · (0.048) · · · (0.123) · · · · · · 0 · · · (0.064) · · · (0.163) · · · · · · · · · · · · 0

G084.900-01.163 20:57:21.0 +43:45:31.5 84.900 -1.163 164.3 -0.026(0.070) 0 · · · (0.065) · · · (0.169) · · · · · · 0 · · · (0.067) · · · (0.170) · · · · · · · · · · · · 0

G084.907-01.077 20:57:00.7 +43:49:10.4 84.907 -1.077 89.7 0.042(0.080) 0 · · · (0.065) · · · (0.168) · · · · · · 0 · · · (0.073) · · · (0.186) · · · · · · · · · · · · 0

G084.908-01.110 20:57:09.5 +43:47:55.7 84.908 -1.110 75.6 0.192(0.072) 1 0.771(0.057) 1.605(0.271) 1.536 1.050 0 · · · (0.069) · · · (0.174) · · · · · · 0.7457 0.7457 6

G084.930-01.008 20:56:48.5 +43:52:55.5 84.930 -1.008 334.5 -0.021(0.080) 0 · · · (0.084) · · · (0.218) · · · · · · 0 · · · (0.098) · · · (0.249) · · · · · · · · · · · · 0

G084.934-00.470 20:54:32.4 +44:13:57.6 84.934 -0.470 10.7 0.499(0.074) 1 1.271(0.095) 1.956(0.142) 1.873 -3.808 1 0.485(0.075) 0.905(0.110) 1.356 44.163 0.7417 0.7417 6

G084.966-01.186 20:57:41.2 +43:47:35.8 84.966 -1.186 43.5 0.241(0.085) 1 0.518(0.059) 1.000(0.290) 1.665 1.012 0 · · · (0.074) · · · (0.187) · · · · · · 0.7372 0.7372 6

G084.973-00.670 20:55:31.8 +44:08:00.2 84.973 -0.670 88.5 -0.001(0.071) 0 · · · (0.064) · · · (0.165) · · · · · · 0 · · · (0.068) · · · (0.173) · · · · · · · · · · · · 0

G084.978-01.154 20:57:35.8 +43:49:22.3 84.978 -1.154 92.4 0.035(0.080) 1 0.387(0.054) 1.207(0.286) 6.088 2.351 0 · · · (0.059) · · · (0.149) · · · · · · 0.7355 0.7355 6

G085.004-00.313 20:54:07.1 +44:23:16.7 85.004 -0.313 42.3 0.180(0.059) 1 0.650(0.060) 1.228(0.089) 1.696 -4.761 0 · · · (0.071) · · · (0.179) · · · · · · 0.0470 1.4160 0

G085.007-00.140 20:53:23.2 +44:30:01.8 85.007 -0.140 128.4 0.083(0.111) 1 0.472(0.066) 1.172(0.140) 3.052 -5.659 0 · · · (0.073) · · · (0.186) · · · · · · 0.2707 1.7330 0

G085.010-00.676 20:55:41.4 +44:09:28.0 85.010 -0.676 151.9 0.050(0.066) 0 · · · (0.057) · · · (0.149) · · · · · · 0 · · · (0.069) · · · (0.174) · · · · · · · · · · · · 0

G085.030+00.366 20:51:17.0 +44:50:30.9 85.030 +0.366 14.8 0.754(0.075) 1 1.855(0.050) 2.973(0.074) 1.838 -1.666 1 0.977(0.059) 1.681(0.086) 1.441 46.439 0.7277 0.7277 6

G085.042-00.104 20:53:21.6 +44:33:03.7 85.042 -0.104 145.3 0.037(0.085) 1 0.425(0.063) 0.916(0.094) 1.356 -4.497 0 · · · (0.072) · · · (0.183) · · · · · · 0.1731 1.2787 0

G085.043-00.144 20:53:31.9 +44:31:32.7 85.043 -0.144 3.1 1.207(0.103) 1 1.314(0.048) 3.192(0.102) 2.223 -3.675 1 0.399(0.054) 0.638(0.079) 1.189 44.246 0.7259 0.7259 6

G085.050-01.140 20:57:47.9 +43:53:11.8 85.050 -1.140 19.8 0.645(0.076) 1 2.413(0.063) 6.663(0.133) 2.947 4.711 1 1.067(0.066) 2.864(0.137) 2.144 52.885 0.7249 0.7249 6

G085.067-01.234 20:58:15.3 +43:50:17.3 85.067 -1.234 194.6 -0.027(0.093) 0 · · · (0.065) · · · (0.168) · · · · · · 0 · · · (0.080) · · · (0.203) · · · · · · · · · · · · 0

G085.069-01.120 20:57:46.8 +43:54:49.9 85.069 -1.120 100.1 -0.043(0.093) 1 0.334(0.055) 0.606(0.083) 1.696 4.879 0 · · · (0.059) · · · (0.149) · · · · · · 0.7222 0.7222 6

G085.075-00.138 20:53:37.4 +44:33:14.6 85.075 -0.138 8.8 0.848(0.105) 1 1.431(0.046) 4.042(0.097) 2.386 -3.457 1 0.455(0.059) 0.641(0.087) 1.044 44.492 0.7212 0.7212 6

G085.087-01.217 20:58:15.1 +43:51:53.2 85.087 -1.217 100.8 -0.015(0.095) 0 · · · (0.062) · · · (0.160) · · · · · · 0 · · · (0.065) · · · (0.165) · · · · · · · · · · · · 0

G085.087-01.182 20:58:06.5 +43:53:13.5 85.087 -1.182 101.0 0.264(0.078) 1 1.267(0.048) 1.988(0.072) 1.670 5.052 1 0.286(0.059) 0.827(0.122) 2.236 52.804 0.7196 0.7196 6

G085.091-01.139 20:57:56.2 +43:55:06.5 85.091 -1.139 97.8 -0.028(0.075) 0 · · · (0.052) · · · (0.136) · · · · · · 0 · · · (0.057) · · · (0.146) · · · · · · · · · · · · 0

G085.117-01.222 20:58:23.1 +43:53:00.8 85.117 -1.222 66.7 -0.032(0.094) 0 · · · (0.067) · · · (0.173) · · · · · · 0 · · · (0.068) · · · (0.173) · · · · · · · · · · · · 0

G085.119+00.476 20:51:07.1 +44:58:50.5 85.119 +0.476 11.9 0.287(0.066) 0 · · · (0.049) · · · (0.230) · · · · · · 1 0.206(0.053) 0.268(0.077) 0.500 46.342 · · · · · · 0

G085.129-01.180 20:58:15.1 +43:55:12.3 85.129 -1.180 100.9 0.052(0.068) 1 0.130(0.049) 0.516(0.104) 3.224 5.584 0 · · · (0.050) · · · (0.126) · · · · · · 0.7135 0.7135 6

G085.162-01.150 20:58:14.7 +43:57:55.7 85.162 -1.150 91.5 -0.038(0.061) 1 0.372(0.064) 0.536(0.096) 1.445 5.136 0 · · · (0.068) · · · (0.172) · · · · · · 0.7086 0.7086 6

G085.238+00.022 20:53:31.4 +44:46:54.4 85.238 +0.022 6.8 0.235(0.073) 1 0.870(0.071) 2.458(0.150) 2.635 -35.482 1 0.480(0.069) 0.594(0.102) 0.804 12.493 4.0809 5.4756 0

G085.257+00.010 20:53:38.4 +44:47:19.5 85.257 +0.010 16.1 0.288(0.061) 1 1.032(0.065) 2.640(0.137) 2.511 -31.513 0 · · · (0.077) · · · (0.195) · · · · · · 3.7068 5.0961 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G085.411+00.004 20:54:13.6 +44:54:10.1 85.411 +0.004 10.1 1.113(0.089) 1 1.690(0.050) 6.034(0.105) 4.080 -36.579 1 0.863(0.054) 2.893(0.112) 3.798 11.603 4.2041 5.5483 0

G085.448-00.052 20:54:36.4 +44:53:43.9 85.448 -0.052 40.3 0.158(0.064) 0 · · · (0.066) · · · (0.172) · · · · · · 0 · · · (0.070) · · · (0.177) · · · · · · · · · · · · 0

G085.478-00.056 20:54:43.9 +44:54:55.3 85.478 -0.056 21.0 0.220(0.059) 0 · · · (0.059) · · · (0.154) · · · · · · 0 · · · (0.076) · · · (0.192) · · · · · · · · · · · · 0

G098.976+03.960 21:36:07.3 +57:26:39.0 98.976 +3.960 12.0 0.584(0.117) 1 1.805(0.053) 5.404(0.113) 2.309 -7.908 1 0.532(0.063) 1.325(0.131) 2.568 40.301 0.5857 · · · 7

G099.118+03.924 21:37:04.8 +57:30:46.2 99.118 +3.924 11.1 0.751(0.134) 1 1.650(0.056) 3.685(0.084) 1.754 -7.787 1 0.438(0.077) 0.850(0.113) 1.758 40.570 0.5596 · · · 7

G099.981+04.170 21:40:41.5 +58:16:06.6 99.981 +4.170 10.3 2.338(0.138) 4 8.358(0.076) 25.997(0.161) 3.777 -0.109 1 3.207(0.081) 8.969(0.168) 2.560 48.395 1.4597 · · · 7

G109.995-00.281 23:05:23.2 +59:53:58.0 109.995 -0.281 0.0 0.398(0.029) 1 3.379(0.086) 10.142(0.183) 4.115 -51.894 1 1.918(0.097) 5.539(0.200) 3.037 -3.673 4.2532 · · · 7

G109.997-00.087 23:04:47.0 +60:04:41.4 109.997 -0.087 0.0 0.194(0.026) 1 0.400(0.067) 0.980(0.143) 2.460 -50.769 0 · · · (0.065) · · · (0.166) · · · · · · 4.1528 · · · 7

G110.003-00.247 23:05:20.3 +59:56:01.7 110.003 -0.247 0.0 0.150(0.032) 0 · · · (0.062) · · · (0.162) · · · · · · 0 · · · (0.073) · · · (0.186) · · · · · · · · · · · · 0

G110.003+00.331 23:03:28.4 +60:27:48.2 110.003 +0.331 0.0 0.081(0.025) 0 · · · (0.064) · · · (0.165) · · · · · · 0 · · · (0.064) · · · (0.162) · · · · · · · · · · · · 0

G110.003-00.073 23:04:47.0 +60:05:36.3 110.003 -0.073 0.0 0.076(0.025) 0 · · · (0.063) · · · (0.164) · · · · · · 0 · · · (0.075) · · · (0.191) · · · · · · · · · · · · 0

G110.017+00.271 23:03:46.4 +60:24:50.9 110.017 +0.271 0.0 0.224(0.025) 1 0.443(0.069) 0.905(0.104) 2.005 -51.488 0 · · · (0.091) · · · (0.232) · · · · · · 4.2162 · · · 7

G110.039-00.283 23:05:42.9 +59:54:54.2 110.039 -0.283 0.0 0.076(0.025) 1 0.318(0.066) 0.671(0.099) 1.353 -51.592 0 · · · (0.073) · · · (0.184) · · · · · · 4.2239 · · · 7

G110.045-00.028 23:04:56.7 +60:09:08.5 110.045 -0.028 0.0 0.088(0.024) 1 0.864(0.074) 2.187(0.157) 2.282 -50.711 1 0.340(0.068) 0.620(0.099) 1.038 -2.111 4.1452 · · · 7

G110.061-00.110 23:05:19.5 +60:05:00.6 110.061 -0.110 0.0 0.061(0.024) 1 0.430(0.071) 0.576(0.107) 1.386 -52.363 0 · · · (0.076) · · · (0.194) · · · · · · 4.2918 · · · 7

G110.061-00.170 23:05:30.9 +60:01:42.4 110.061 -0.170 0.0 0.061(0.023) 1 0.620(0.077) 1.255(0.116) 1.452 -51.430 0 · · · (0.090) · · · (0.229) · · · · · · 4.2083 · · · 7

G110.071-00.213 23:05:43.7 +59:59:31.2 110.071 -0.213 0.0 0.081(0.022) 0 · · · (0.067) · · · (0.172) · · · · · · 0 · · · (0.078) · · · (0.199) · · · · · · · · · · · · 0

G110.073-00.087 23:05:20.6 +60:06:30.5 110.073 -0.087 0.0 0.187(0.028) 1 0.807(0.075) 2.346(0.158) 3.184 -52.689 0 · · · (0.080) · · · (0.202) · · · · · · 4.3204 · · · 7

G110.075-00.192 23:05:41.3 +60:00:49.7 110.075 -0.192 0.0 0.075(0.022) 1 0.370(0.084) 1.015(0.178) 2.118 -51.042 0 · · · (0.086) · · · (0.218) · · · · · · 4.1729 · · · 7

G110.087+00.127 23:04:45.6 +60:18:37.1 110.087 +0.127 0.0 0.218(0.027) 1 0.632(0.075) 1.415(0.113) 1.961 -51.412 1 0.359(0.090) 0.859(0.186) 3.919 -2.806 4.2055 · · · 7

G110.087+00.085 23:04:53.7 +60:16:18.5 110.087 +0.085 0.0 0.123(0.027) 1 0.714(0.080) 1.233(0.120) 1.017 -52.886 0 · · · (0.092) · · · (0.232) · · · · · · 4.3375 · · · 7

G110.097-00.066 23:05:27.0 +60:08:17.5 110.097 -0.066 0.0 0.798(0.028) 1 4.671(0.075) 16.999(0.160) 4.387 -52.613 1 1.737(0.097) 5.576(0.201) 3.464 -4.484 4.3123 · · · 7

G110.105-00.029 23:05:23.6 +60:10:27.8 110.105 -0.029 0.0 0.156(0.026) 0 · · · (0.078) · · · (0.203) · · · · · · 0 · · · (0.090) · · · (0.227) · · · · · · · · · · · · 0

G110.113+00.051 23:05:11.8 +60:15:03.5 110.113 +0.051 0.0 1.096(0.034) 1 2.468(0.080) 7.405(0.170) 3.444 -50.121 1 0.552(0.090) 1.009(0.132) 1.955 -1.988 4.0891 · · · 7

G110.127+00.086 23:05:11.1 +60:17:22.5 110.127 +0.086 0.0 0.153(0.029) 1 0.959(0.080) 1.402(0.120) 1.730 -50.796 1 0.233(0.086) 0.839(0.178) 3.224 -2.595 4.1485 · · · 7

G110.141+00.085 23:05:17.7 +60:17:35.9 110.141 +0.085 0.0 0.071(0.027) 0 · · · (0.067) · · · (0.175) · · · · · · 0 · · · (0.085) · · · (0.215) · · · · · · · · · · · · 0

G110.157+00.238 23:04:55.0 +60:26:27.4 110.157 +0.238 0.0 0.091(0.026) 0 · · · (0.074) · · · (0.191) · · · · · · 0 · · · (0.089) · · · (0.226) · · · · · · · · · · · · 0

G110.203+00.011 23:05:59.4 +60:14:59.8 110.203 +0.011 0.0 0.101(0.022) 0 · · · (0.071) · · · (0.184) · · · · · · 0 · · · (0.078) · · · (0.198) · · · · · · · · · · · · 0

G110.207+00.022 23:05:58.9 +60:15:45.2 110.207 +0.022 0.0 0.109(0.023) 0 · · · (0.086) · · · (0.222) · · · · · · 0 · · · (0.083) · · · (0.210) · · · · · · · · · · · · 0

G110.229+00.959 23:03:05.1 +61:07:44.9 110.229 +0.959 0.0 0.085(0.023) 1 0.247(0.072) 0.784(0.152) 2.286 -52.652 0 · · · (0.080) · · · (0.204) · · · · · · 4.3111 · · · 7
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G110.229+00.957 23:03:05.5 +61:07:38.3 110.229 +0.957 0.0 0.085(0.023) 1 0.358(0.080) 0.752(0.170) 2.315 -52.345 0 · · · (0.094) · · · (0.238) · · · · · · 4.2835 · · · 7

G110.237-00.007 23:06:18.0 +60:14:48.6 110.237 -0.007 0.0 0.099(0.021) 0 · · · (0.067) · · · (0.173) · · · · · · 0 · · · (0.071) · · · (0.179) · · · · · · · · · · · · 0

G110.251+00.033 23:06:16.6 +60:17:20.8 110.251 +0.033 0.0 0.057(0.023) 1 0.289(0.074) 0.623(0.110) NaN -53.794 0 · · · (0.080) · · · (0.204) · · · · · · 4.4106 · · · 7

G110.255-00.578 23:08:12.8 +59:43:45.1 110.255 -0.578 0.0 0.083(0.024) 0 · · · (0.066) · · · (0.171) · · · · · · 0 · · · (0.096) · · · (0.244) · · · · · · · · · · · · 0

G110.257+00.018 23:06:21.9 +60:16:43.0 110.257 +0.018 0.0 0.271(0.022) 1 0.679(0.072) 1.429(0.107) 1.795 -53.908 0 · · · (0.075) · · · (0.190) · · · · · · 4.4206 · · · 7

G110.331+00.006 23:06:57.1 +60:17:47.9 110.331 +0.006 0.0 0.147(0.020) 1 0.529(0.078) 1.556(0.166) 2.959 -53.916 0 · · · (0.089) · · · (0.225) · · · · · · 4.4175 · · · 7

G111.013-00.994 23:15:01.0 +59:37:41.4 111.013 -0.994 0.0 0.045(0.021) 0 · · · (0.073) · · · (0.189) · · · · · · 0 · · · (0.080) · · · (0.202) · · · · · · · · · · · · 0

G111.057+01.080 23:09:01.7 +61:34:05.7 111.057 +1.080 0.0 0.257(0.051) 1 0.440(0.075) 1.210(0.158) 2.375 -56.454 0 · · · (0.078) · · · (0.197) · · · · · · 4.6145 · · · 7

G111.083-00.976 23:15:28.8 +59:40:13.2 111.083 -0.976 0.0 0.109(0.021) 1 0.524(0.071) 0.868(0.107) 1.653 -44.209 0 · · · (0.079) · · · (0.201) · · · · · · 3.5214 · · · 7

G111.103-00.884 23:15:21.9 +59:45:48.0 111.103 -0.884 0.0 0.161(0.020) 1 0.365(0.074) 0.730(0.110) NaN -44.785 0 · · · (0.099) · · · (0.252) · · · · · · 3.5704 · · · 7

G111.119-00.878 23:15:27.9 +59:46:29.0 111.119 -0.878 0.0 0.092(0.023) 0 · · · (0.078) · · · (0.202) · · · · · · 0 · · · (0.084) · · · (0.213) · · · · · · · · · · · · 0

G111.157+00.580 23:11:23.2 +61:08:37.9 111.157 +0.580 0.0 0.096(0.019) 0 · · · (0.078) · · · (0.202) · · · · · · 0 · · · (0.097) · · · (0.245) · · · · · · · · · · · · 0

G111.163-00.690 23:15:15.0 +59:57:57.2 111.163 -0.690 0.0 0.111(0.025) 0 · · · (0.088) · · · (0.229) · · · · · · 0 · · · (0.099) · · · (0.250) · · · · · · · · · · · · 0

G111.167-00.606 23:15:02.1 +60:02:44.2 111.167 -0.606 0.0 0.108(0.024) 0 · · · (0.078) · · · (0.203) · · · · · · 0 · · · (0.095) · · · (0.240) · · · · · · · · · · · · 0

G111.173+00.624 23:11:22.4 +61:11:26.4 111.173 +0.624 0.0 0.117(0.020) 0 · · · (0.119) · · · (0.309) · · · · · · 0 · · · (0.086) · · · (0.218) · · · · · · · · · · · · 0

G111.193-00.900 23:16:04.6 +59:46:51.2 111.193 -0.900 0.0 0.081(0.024) 0 · · · (0.086) · · · (0.224) · · · · · · 0 · · · (0.089) · · · (0.226) · · · · · · · · · · · · 0

G111.193-00.796 23:15:46.7 +59:52:40.4 111.193 -0.796 0.0 0.181(0.024) 1 0.778(0.082) 2.116(0.174) 2.421 -52.864 0 · · · (0.082) · · · (0.208) · · · · · · 4.2797 · · · 7

G111.201-00.834 23:15:56.8 +59:50:43.2 111.201 -0.834 0.0 0.083(0.025) 0 · · · (0.080) · · · (0.207) · · · · · · 0 · · · (0.108) · · · (0.273) · · · · · · · · · · · · 0

G111.249+00.810 23:11:22.6 +61:23:29.7 111.249 +0.810 0.0 0.061(0.019) 0 · · · (0.072) · · · (0.186) · · · · · · 0 · · · (0.108) · · · (0.274) · · · · · · · · · · · · 0

G111.251+00.804 23:11:24.6 +61:23:12.4 111.251 +0.804 0.0 0.068(0.018) 0 · · · (0.090) · · · (0.234) · · · · · · 0 · · · (0.094) · · · (0.239) · · · · · · · · · · · · 0

G111.259-00.770 23:16:11.7 +59:55:33.3 111.259 -0.770 0.0 0.707(0.033) 5 3.706(0.092) 14.446(0.238) 5.301 -43.491 1 2.106(0.112) 6.542(0.232) 3.100 4.012 3.4505 · · · 7

G111.265+00.838 23:11:24.7 +61:25:24.8 111.265 +0.838 0.0 0.060(0.020) 0 · · · (0.106) · · · (0.274) · · · · · · 0 · · · (0.101) · · · (0.256) · · · · · · · · · · · · 0

G111.279-00.746 23:16:16.5 +59:57:19.8 111.279 -0.746 0.0 0.081(0.031) 0 · · · (0.096) · · · (0.249) · · · · · · 0 · · · (0.116) · · · (0.293) · · · · · · · · · · · · 0

G111.281-00.706 23:16:10.5 +59:59:36.7 111.281 -0.706 0.0 0.734(0.031) 1 2.735(0.097) 8.941(0.206) 3.149 -42.600 1 0.885(0.133) 2.977(0.275) 2.979 6.137 3.3723 · · · 7

G111.281+01.014 23:10:58.8 +61:35:33.3 111.281 +1.014 0.0 0.146(0.031) 0 · · · (0.099) · · · (0.257) · · · · · · 0 · · · (0.121) · · · (0.307) · · · · · · · · · · · · 0

G111.285-00.664 23:16:05.1 +60:02:03.0 111.285 -0.664 0.0 1.394(0.035) 1 4.294(0.114) 15.140(0.241) 3.671 -44.699 1 1.413(0.134) 4.981(0.278) 4.159 3.342 3.5541 · · · 4

G111.287-00.858 23:16:39.3 +59:51:13.6 111.287 -0.858 0.0 0.107(0.023) 0 · · · (0.129) · · · (0.333) · · · · · · 0 · · · (0.157) · · · (0.399) · · · · · · · · · · · · 0

G111.287-00.840 23:16:36.2 +59:52:14.2 111.287 -0.840 0.0 0.084(0.022) 0 · · · (0.138) · · · (0.357) · · · · · · 0 · · · (0.170) · · · (0.431) · · · · · · · · · · · · 0

G111.289-00.858 23:16:40.2 +59:51:16.2 111.289 -0.858 0.0 0.107(0.023) 0 · · · (0.153) · · · (0.396) · · · · · · 0 · · · (0.166) · · · (0.420) · · · · · · · · · · · · 0

G111.295-00.866 23:16:44.2 +59:50:57.0 111.295 -0.866 0.0 0.084(0.023) 0 · · · (0.137) · · · (0.354) · · · · · · 0 · · · (0.150) · · · (0.380) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G111.295+00.826 23:11:40.9 +61:25:25.3 111.295 +0.826 0.0 0.071(0.021) 0 · · · (0.041) · · · (0.107) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G111.303+00.808 23:11:48.0 +61:24:36.0 111.303 +0.808 0.0 0.173(0.021) 0 · · · (0.037) · · · (0.095) · · · · · · 0 · · · (0.052) · · · (0.132) · · · · · · · · · · · · 0

G111.309-00.880 23:16:52.9 +59:50:28.0 111.309 -0.880 0.0 0.046(0.023) 0 · · · (0.039) · · · (0.101) · · · · · · 0 · · · (0.046) · · · (0.116) · · · · · · · · · · · · 0

G111.331+00.790 23:12:04.4 +61:24:13.7 111.331 +0.790 0.0 0.151(0.024) 0 · · · (0.039) · · · (0.102) · · · · · · 0 · · · (0.051) · · · (0.130) · · · · · · · · · · · · 0

G111.361-00.654 23:16:37.5 +60:04:14.7 111.361 -0.654 0.0 0.112(0.023) 0 · · · (0.036) · · · (0.094) · · · · · · 0 · · · (0.043) · · · (0.110) · · · · · · · · · · · · 0

G111.367+00.746 23:12:29.4 +61:22:35.0 111.367 +0.746 0.0 0.424(0.034) 5 0.504(0.041) 2.135(0.107) 4.969 -52.267 0 · · · (0.046) · · · (0.117) · · · · · · 4.2191 · · · 7

G111.381+00.748 23:12:35.5 +61:23:00.5 111.381 +0.748 0.0 0.353(0.035) 1 0.430(0.040) 1.457(0.085) 3.749 -54.743 0 · · · (0.044) · · · (0.113) · · · · · · 4.4418 · · · 7

G111.383-00.662 23:16:48.7 +60:04:16.1 111.383 -0.662 0.0 0.068(0.023) 0 · · · (0.044) · · · (0.115) · · · · · · 0 · · · (0.044) · · · (0.110) · · · · · · · · · · · · 0

G111.383+00.706 23:12:44.3 +61:20:42.8 111.383 +0.706 0.0 0.153(0.026) 1 0.481(0.042) 1.319(0.090) 2.201 -55.778 0 · · · (0.047) · · · (0.120) · · · · · · 4.5358 · · · 7

G111.385-00.658 23:16:48.9 +60:04:32.2 111.385 -0.658 0.0 0.069(0.023) 0 · · · (0.047) · · · (0.123) · · · · · · 0 · · · (0.048) · · · (0.122) · · · · · · · · · · · · 0

G111.387+00.804 23:12:27.9 +61:26:15.6 111.387 +0.804 0.0 0.117(0.024) 1 0.494(0.042) 1.300(0.090) 2.350 -55.729 0 · · · (0.043) · · · (0.109) · · · · · · 4.5314 · · · 7

G111.409+01.032 23:11:55.3 +61:39:26.6 111.409 +1.032 0.0 0.242(0.037) 0 · · · (0.045) · · · (0.116) · · · · · · 0 · · · (0.046) · · · (0.117) · · · · · · · · · · · · 0

G111.423-00.938 23:17:53.6 +59:49:38.4 111.423 -0.938 0.0 0.068(0.022) 0 · · · (0.036) · · · (0.093) · · · · · · 0 · · · (0.038) · · · (0.096) · · · · · · · · · · · · 0

G111.425-00.556 23:16:49.4 +60:11:06.6 111.425 -0.556 0.0 0.195(0.024) 1 0.280(0.037) 0.469(0.056) 1.111 -48.480 0 · · · (0.045) · · · (0.114) · · · · · · 3.8782 · · · 7

G111.447+00.798 23:12:57.0 +61:27:15.8 111.447 +0.798 0.0 0.745(0.029) 1 2.046(0.042) 8.982(0.110) 5.020 -58.042 5 0.498(0.038) 2.196(0.096) 2.200 -8.616 4.7411 · · · 7

G111.451+00.740 23:13:09.6 +61:24:07.2 111.451 +0.740 0.0 0.254(0.038) 1 0.225(0.040) 1.081(0.104) 5.112 -56.013 0 · · · (0.045) · · · (0.114) · · · · · · 4.5542 · · · 7

G111.481+00.804 23:13:11.7 +61:28:21.2 111.481 +0.804 0.0 0.763(0.033) 1 1.054(0.053) 3.559(0.111) 3.807 -58.934 1 0.335(0.044) 0.948(0.091) 1.775 -10.648 4.8223 · · · 7

G111.485+00.746 23:13:24.3 +61:25:12.5 111.485 +0.746 0.0 1.074(0.040) 5 2.141(0.085) 12.636(0.285) 9.623 -54.848 1 0.723(0.128) 3.456(0.375) 4.914 -5.825 4.4464 · · · 7

G111.489-00.648 23:17:34.0 +60:07:18.9 111.489 -0.648 0.0 0.135(0.023) 1 0.652(0.078) 0.904(0.117) 1.471 -40.595 0 · · · (0.082) · · · (0.208) · · · · · · 3.1899 · · · 7

G111.497+00.814 23:13:17.3 +61:29:16.0 111.497 +0.814 0.0 0.648(0.034) 1 1.687(0.100) 4.458(0.212) 2.672 -58.887 0 · · · (0.148) · · · (0.376) · · · · · · 4.8172 · · · 7

G111.503+00.658 23:13:49.0 +61:20:41.9 111.503 +0.658 0.0 0.101(0.027) 0 · · · (0.047) · · · (0.122) · · · · · · 0 · · · (0.034) · · · (0.086) · · · · · · · · · · · · 0

G111.507-00.638 23:17:40.4 +60:08:15.5 111.507 -0.638 0.0 0.073(0.024) 0 · · · (0.050) · · · (0.130) · · · · · · 0 · · · (0.036) · · · (0.091) · · · · · · · · · · · · 0

G111.513-00.648 23:17:44.8 +60:07:49.5 111.513 -0.648 0.0 0.184(0.024) 1 0.492(0.038) 1.440(0.080) 2.408 -45.712 0 · · · (0.033) · · · (0.085) · · · · · · 3.6314 · · · 7

G111.515+00.524 23:14:19.1 +61:13:28.9 111.515 +0.524 0.0 0.049(0.020) 0 · · · (0.035) · · · (0.090) · · · · · · 0 · · · (0.036) · · · (0.090) · · · · · · · · · · · · 0

G111.517+00.688 23:13:50.0 +61:22:40.8 111.517 +0.688 0.0 0.160(0.031) 1 0.178(0.031) 0.291(0.047) 1.742 -55.413 0 · · · (0.032) · · · (0.082) · · · · · · 4.4961 · · · 7

G111.523+00.800 23:13:32.1 +61:29:03.7 111.523 +0.800 0.0 1.633(0.043) 1 2.864(0.040) 10.362(0.085) 3.987 -58.328 1 1.191(0.035) 3.518(0.072) 2.901 -10.392 4.7641 · · · 7

G111.529+00.818 23:13:31.6 +61:30:11.9 111.529 +0.818 0.0 1.372(0.039) 4 0.805(0.031) 2.080(0.065) 3.557 -52.360 0 · · · (0.032) · · · (0.081) · · · · · · 4.2200 · · · 7

G111.535+00.372 23:14:55.9 +61:05:25.7 111.535 +0.372 0.0 0.139(0.026) 1 0.122(0.034) 0.202(0.051) NaN -64.883 0 · · · (0.032) · · · (0.082) · · · · · · 5.3826 · · · 7

G111.537+00.544 23:14:25.7 +61:15:04.9 111.537 +0.544 0.0 0.173(0.024) 1 0.445(0.033) 0.800(0.050) 1.451 -56.301 0 · · · (0.030) · · · (0.076) · · · · · · 4.5760 · · · 7

G111.537+00.756 23:13:46.8 +61:26:54.9 111.537 +0.756 0.0 7.287(0.046) 5 6.440(0.049) 30.242(0.126) 6.472 -57.215 1 3.354(0.057) 16.502(0.145) 4.320 -7.395 4.6605 · · · 4
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G111.545+00.776 23:13:46.8 +61:28:12.5 111.545 +0.776 0.0 11.312(0.046) 1 8.840(0.039) 39.904(0.101) 5.272 -57.416 2 · · · (0.069) · · · (0.142) · · · · · · 4.6787 · · · 9

G111.551+00.696 23:14:04.4 +61:23:52.5 111.551 +0.696 0.0 0.095(0.031) 0 · · · (0.034) · · · (0.087) · · · · · · 0 · · · (0.035) · · · (0.090) · · · · · · · · · · · · 0

G111.561+00.832 23:13:43.9 +61:31:41.1 111.561 +0.832 0.0 0.448(0.031) 1 0.956(0.035) 1.867(0.053) 2.045 -56.225 1 0.453(0.035) 0.687(0.051) 1.377 -8.091 4.5687 · · · 7

G111.565+00.578 23:14:32.5 +61:17:35.6 111.565 +0.578 0.0 0.076(0.026) 0 · · · (0.035) · · · (0.090) · · · · · · 0 · · · (0.035) · · · (0.089) · · · · · · · · · · · · 0

G111.573+00.750 23:14:04.7 +61:27:22.4 111.573 +0.750 0.0 1.944(0.044) 1 3.434(0.037) 12.296(0.078) 4.530 -57.102 1 2.450(0.033) 7.829(0.068) 3.474 -8.880 4.6484 · · · 7

G111.579+00.616 23:14:32.1 +61:20:01.4 111.579 +0.616 0.0 0.140(0.023) 0 · · · (0.041) · · · (0.106) · · · · · · 0 · · · (0.032) · · · (0.081) · · · · · · · · · · · · 0

G111.581+00.036 23:16:17.1 +60:47:37.6 111.581 +0.036 0.0 0.150(0.019) 1 0.181(0.033) 0.310(0.049) 1.903 -55.375 0 · · · (0.038) · · · (0.096) · · · · · · 4.4884 · · · 7

G111.581+00.698 23:14:18.0 +61:24:38.8 111.581 +0.698 0.0 0.080(0.030) 1 0.101(0.035) 0.367(0.074) 4.256 -53.413 0 · · · (0.033) · · · (0.084) · · · · · · 4.3119 · · · 7

G111.591+00.660 23:14:29.6 +61:22:44.6 111.591 +0.660 0.0 0.150(0.021) 1 0.656(0.034) 1.639(0.072) 2.335 -53.107 0 · · · (0.030) · · · (0.076) · · · · · · 4.2838 · · · 7

G111.597+00.806 23:14:05.6 +61:31:01.7 111.597 +0.806 0.0 1.004(0.029) 1 2.484(0.034) 7.062(0.072) 2.327 -55.934 1 1.800(0.032) 4.336(0.066) 2.490 -7.567 4.5404 · · · 7

G111.603+00.842 23:14:01.7 +61:33:10.2 111.603 +0.842 0.0 0.302(0.023) 1 0.308(0.034) 0.985(0.073) 2.957 -55.759 0 · · · (0.041) · · · (0.104) · · · · · · 4.5242 · · · 7

G111.607+00.614 23:14:45.5 +61:20:31.5 111.607 +0.614 0.0 0.138(0.019) 0 · · · (0.033) · · · (0.084) · · · · · · 0 · · · (0.035) · · · (0.090) · · · · · · · · · · · · 0

G111.615+00.374 23:15:32.6 +61:07:16.8 111.615 +0.374 0.0 2.134(0.030) 1 4.214(0.036) 12.277(0.077) 2.768 -56.346 1 0.893(0.039) 1.940(0.081) 2.225 -8.213 4.5761 · · · 7

G111.615+00.932 23:13:50.7 +61:38:27.4 111.615 +0.932 0.0 0.068(0.021) 0 · · · (0.034) · · · (0.087) · · · · · · 0 · · · (0.035) · · · (0.090) · · · · · · · · · · · · 0

G111.617+00.926 23:13:52.8 +61:38:10.0 111.617 +0.926 0.0 0.059(0.021) 0 · · · (0.032) · · · (0.084) · · · · · · 0 · · · (0.039) · · · (0.098) · · · · · · · · · · · · 0

G111.623+00.176 23:16:11.7 +60:56:22.3 111.623 +0.176 0.0 0.081(0.018) 0 · · · (0.050) · · · (0.129) · · · · · · 0 · · · (0.031) · · · (0.077) · · · · · · · · · · · · 0

G111.623+00.204 23:16:06.7 +60:57:56.3 111.623 +0.204 0.0 0.045(0.018) 0 · · · (0.053) · · · (0.138) · · · · · · 0 · · · (0.041) · · · (0.104) · · · · · · · · · · · · 0

G111.625+00.612 23:14:54.2 +61:20:48.3 111.625 +0.612 0.0 0.131(0.019) 0 · · · (0.038) · · · (0.098) · · · · · · 0 · · · (0.036) · · · (0.090) · · · · · · · · · · · · 0

G111.629+00.762 23:14:28.7 +61:29:16.4 111.629 +0.762 0.0 0.072(0.033) 0 · · · (0.051) · · · (0.132) · · · · · · 0 · · · (0.041) · · · (0.103) · · · · · · · · · · · · 0

G111.629+00.892 23:14:04.7 +61:36:32.0 111.629 +0.892 0.0 0.075(0.023) 0 · · · (0.044) · · · (0.115) · · · · · · 0 · · · (0.036) · · · (0.092) · · · · · · · · · · · · 0

G111.631+00.412 23:15:33.2 +61:09:45.2 111.631 +0.412 0.0 0.116(0.027) 0 · · · (0.050) · · · (0.130) · · · · · · 0 · · · (0.041) · · · (0.103) · · · · · · · · · · · · 0

G111.633+00.198 23:16:12.4 +60:57:49.1 111.633 +0.198 0.0 0.056(0.019) 0 · · · (0.054) · · · (0.139) · · · · · · 0 · · · (0.043) · · · (0.109) · · · · · · · · · · · · 0

G111.633+00.754 23:14:32.0 +61:28:54.9 111.633 +0.754 0.0 0.104(0.034) 1 0.279(0.035) 0.432(0.053) 1.993 -54.400 0 · · · (0.037) · · · (0.095) · · · · · · 4.3988 · · · 7

G111.637+00.734 23:14:37.5 +61:27:53.1 111.637 +0.734 0.0 0.169(0.036) 1 0.153(0.043) 0.430(0.090) 2.879 -49.238 0 · · · (0.038) · · · (0.096) · · · · · · 3.9366 · · · 7

G111.639+00.098 23:16:32.8 +60:52:20.8 111.639 +0.098 0.0 0.111(0.017) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.041) · · · (0.104) · · · · · · · · · · · · 0

G111.649+00.388 23:15:45.9 +61:08:48.0 111.649 +0.388 0.0 0.159(0.026) 1 0.843(0.038) 1.224(0.057) 1.503 -54.468 1 0.110(0.042) 0.215(0.061) 0.949 -6.032 4.4034 · · · 7

G111.651+00.048 23:16:47.2 +60:49:48.1 111.651 +0.048 0.0 0.236(0.018) 1 0.920(0.042) 1.335(0.063) 1.443 -29.595 1 0.208(0.042) 0.321(0.061) 0.500 18.956 2.2460 · · · 7

G111.651+00.414 23:15:42.1 +61:10:17.9 111.651 +0.414 0.0 0.079(0.023) 1 0.149(0.036) 0.260(0.053) 1.098 -55.813 0 · · · (0.041) · · · (0.103) · · · · · · 4.5257 · · · 7

G111.651+00.796 23:14:32.7 +61:31:39.3 111.651 +0.796 0.0 0.077(0.026) 0 · · · (0.037) · · · (0.095) · · · · · · 0 · · · (0.040) · · · (0.100) · · · · · · · · · · · · 0

G111.661+00.368 23:15:55.0 +61:07:56.4 111.661 +0.368 0.0 0.109(0.025) 1 0.428(0.038) 0.708(0.057) 1.714 -55.440 0 · · · (0.038) · · · (0.095) · · · · · · 4.4912 · · · 7



150

Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G111.661+00.542 23:15:23.7 +61:17:40.5 111.661 +0.542 0.0 0.072(0.024) 0 · · · (0.035) · · · (0.090) · · · · · · 0 · · · (0.037) · · · (0.093) · · · · · · · · · · · · 0

G111.661+00.728 23:14:49.9 +61:28:04.5 111.661 +0.728 0.0 0.083(0.037) 0 · · · (0.040) · · · (0.104) · · · · · · 0 · · · (0.040) · · · (0.102) · · · · · · · · · · · · 0

G111.661+00.732 23:14:49.1 +61:28:17.9 111.661 +0.732 0.0 0.081(0.037) 0 · · · (0.039) · · · (0.102) · · · · · · 0 · · · (0.049) · · · (0.124) · · · · · · · · · · · · 0

G111.665+00.810 23:14:36.7 +61:32:44.6 111.665 +0.810 0.0 0.056(0.023) 0 · · · (0.043) · · · (0.112) · · · · · · 0 · · · (0.048) · · · (0.122) · · · · · · · · · · · · 0

G111.665+00.902 23:14:19.8 +61:37:52.9 111.665 +0.902 0.0 0.104(0.019) 1 0.392(0.039) 0.663(0.059) 1.394 -50.089 0 · · · (0.051) · · · (0.129) · · · · · · 4.0112 · · · 7

G111.667+00.728 23:14:52.7 +61:28:12.3 111.667 +0.728 0.0 0.077(0.036) 0 · · · (0.042) · · · (0.108) · · · · · · 0 · · · (0.051) · · · (0.128) · · · · · · · · · · · · 0

G111.669+00.596 23:15:17.7 +61:20:52.2 111.669 +0.596 0.0 0.346(0.024) 1 0.606(0.060) 2.079(0.128) 4.367 -48.807 0 · · · (0.063) · · · (0.160) · · · · · · 3.8967 · · · 7

G111.671+00.824 23:14:37.0 +61:33:39.4 111.671 +0.824 0.0 0.079(0.021) 0 · · · (0.050) · · · (0.129) · · · · · · 0 · · · (0.047) · · · (0.120) · · · · · · · · · · · · 0

G111.673+00.834 23:14:36.1 +61:34:15.6 111.673 +0.834 0.0 0.048(0.021) 0 · · · (0.054) · · · (0.140) · · · · · · 0 · · · (0.056) · · · (0.142) · · · · · · · · · · · · 0

G111.681+00.358 23:16:06.1 +61:07:48.7 111.681 +0.358 0.0 0.051(0.024) 0 · · · (0.056) · · · (0.146) · · · · · · 0 · · · (0.048) · · · (0.123) · · · · · · · · · · · · 0

G111.685+00.596 23:15:25.1 +61:21:13.0 111.685 +0.596 0.0 0.265(0.024) 1 0.246(0.044) 0.783(0.093) 4.541 -49.642 0 · · · (0.049) · · · (0.123) · · · · · · 3.9697 · · · 7

G111.697+00.290 23:16:25.6 +61:04:20.9 111.697 +0.290 0.0 0.053(0.018) 0 · · · (0.041) · · · (0.106) · · · · · · 0 · · · (0.036) · · · (0.090) · · · · · · · · · · · · 0

G111.701+00.678 23:15:17.7 +61:26:09.1 111.701 +0.678 0.0 0.129(0.021) 1 0.334(0.044) 0.684(0.066) 1.652 -52.711 0 · · · (0.052) · · · (0.132) · · · · · · 4.2431 · · · 7

G111.703+00.290 23:16:28.4 +61:04:28.6 111.703 +0.290 0.0 0.068(0.018) 0 · · · (0.045) · · · (0.117) · · · · · · 0 · · · (0.046) · · · (0.118) · · · · · · · · · · · · 0

G111.717+00.640 23:15:32.1 +61:24:22.4 111.717 +0.640 0.0 0.095(0.019) 0 · · · (0.046) · · · (0.118) · · · · · · 0 · · · (0.048) · · · (0.122) · · · · · · · · · · · · 0

G111.717+00.776 23:15:07.3 +61:31:58.7 111.717 +0.776 0.0 0.247(0.027) 1 0.437(0.045) 1.294(0.095) 2.367 -48.109 0 · · · (0.041) · · · (0.104) · · · · · · 3.8334 · · · 7

G111.717+00.778 23:15:07.0 +61:32:05.4 111.717 +0.778 0.0 0.247(0.026) 1 0.468(0.033) 1.353(0.070) 2.310 -48.203 0 · · · (0.044) · · · (0.113) · · · · · · 3.8417 · · · 7

G111.717+00.658 23:15:28.8 +61:25:22.8 111.717 +0.658 0.0 0.094(0.020) 0 · · · (0.036) · · · (0.092) · · · · · · 0 · · · (0.037) · · · (0.093) · · · · · · · · · · · · 0

G111.719+00.698 23:15:22.5 +61:27:39.6 111.719 +0.698 0.0 0.180(0.022) 1 0.394(0.040) 0.975(0.084) 2.104 -52.844 0 · · · (0.046) · · · (0.115) · · · · · · 4.2542 · · · 7

G111.721+00.704 23:15:22.3 +61:28:02.4 111.721 +0.704 0.0 0.181(0.024) 1 0.428(0.039) 0.696(0.058) 1.576 -53.106 0 · · · (0.041) · · · (0.104) · · · · · · 4.2777 · · · 7

G111.733+00.034 23:17:27.4 +60:50:46.1 111.733 +0.034 0.0 0.400(0.020) 1 1.147(0.033) 3.221(0.070) 2.659 -30.836 0 · · · (0.038) · · · (0.097) · · · · · · 2.3481 · · · 7

G111.749+00.328 23:16:43.0 +61:07:35.6 111.749 +0.328 0.0 0.127(0.020) 1 0.166(0.035) 0.237(0.052) 0.590 -54.118 0 · · · (0.041) · · · (0.105) · · · · · · 4.3669 · · · 7

G111.753+00.590 23:15:58.0 +61:22:21.3 111.753 +0.590 0.0 0.670(0.031) 5 1.939(0.040) 7.252(0.084) 3.974 -53.160 1 0.683(0.050) 1.869(0.103) 2.368 -4.625 4.2809 · · · 7

G111.759+00.382 23:16:38.0 +61:10:50.1 111.759 +0.382 0.0 0.102(0.024) 1 0.183(0.036) 0.641(0.075) 3.242 -55.169 0 · · · (0.042) · · · (0.107) · · · · · · 4.4620 · · · 7

G111.769+00.644 23:15:55.7 +61:25:43.4 111.769 +0.644 0.0 0.384(0.020) 4 1.134(0.043) 3.104(0.091) 2.917 -53.173 1 0.181(0.042) 0.589(0.087) 1.819 -5.221 4.2814 · · · 7

G111.775+00.684 23:15:51.3 +61:28:05.5 111.775 +0.684 0.0 0.483(0.019) 1 0.405(0.038) 1.030(0.080) 2.337 -53.125 0 · · · (0.042) · · · (0.108) · · · · · · 4.2769 · · · 7

G111.779+00.504 23:16:25.6 +61:18:05.9 111.779 +0.504 0.0 0.240(0.021) 1 0.492(0.040) 1.386(0.084) 2.390 -52.855 0 · · · (0.047) · · · (0.118) · · · · · · 4.2520 · · · 7

G111.787+00.586 23:16:14.6 +61:22:51.8 111.787 +0.586 0.0 0.804(0.029) 1 1.762(0.042) 4.180(0.090) 2.360 -51.954 1 0.619(0.050) 0.942(0.074) 1.368 -3.738 4.1710 · · · 7

G111.789+00.714 23:15:52.4 +61:30:04.4 111.789 +0.714 0.0 0.333(0.021) 1 0.537(0.044) 0.799(0.066) 1.856 -52.371 0 · · · (0.046) · · · (0.117) · · · · · · 4.2086 · · · 7

G111.793+00.366 23:16:56.7 +61:10:40.0 111.793 +0.366 0.0 0.108(0.019) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.047) · · · (0.120) · · · · · · · · · · · · 0
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+ ) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+) I(N2H+ ) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G111.795+00.630 23:16:10.4 +61:25:30.0 111.795 +0.630 0.0 0.109(0.021) 1 0.835(0.047) 1.383(0.071) 1.534 -53.078 0 · · · (0.043) · · · (0.110) · · · · · · 4.2716 · · · 7

G111.797+00.462 23:16:41.5 +61:16:07.9 111.797 +0.462 0.0 0.299(0.019) 1 0.344(0.043) 0.530(0.065) 1.631 -52.131 0 · · · (0.046) · · · (0.116) · · · · · · 4.1861 · · · 7

G111.797+00.600 23:16:16.7 +61:23:51.8 111.797 +0.600 0.0 0.069(0.028) 1 0.412(0.040) 0.984(0.085) 2.189 -52.451 0 · · · (0.049) · · · (0.124) · · · · · · 4.2151 · · · 7

G111.805+00.396 23:16:56.9 +61:12:36.3 111.805 +0.396 0.0 0.081(0.020) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.051) · · · (0.129) · · · · · · · · · · · · 0

G111.807+00.432 23:16:51.5 +61:14:39.9 111.807 +0.432 0.0 0.066(0.020) 0 · · · (0.043) · · · (0.111) · · · · · · 0 · · · (0.042) · · · (0.106) · · · · · · · · · · · · 0

G111.811+00.824 23:15:42.8 +61:36:42.3 111.811 +0.824 0.0 0.136(0.020) 0 · · · (0.047) · · · (0.122) · · · · · · 0 · · · (0.052) · · · (0.133) · · · · · · · · · · · · 0

G111.817+00.750 23:15:59.0 +61:32:41.6 111.817 +0.750 0.0 0.310(0.021) 1 0.645(0.041) 1.593(0.088) 2.160 -51.589 0 · · · (0.046) · · · (0.117) · · · · · · 4.1374 · · · 7

G111.819+00.572 23:16:32.1 +61:22:46.1 111.819 +0.572 0.0 0.497(0.027) 1 1.220(0.045) 4.345(0.095) 3.828 -53.392 1 0.468(0.056) 1.171(0.116) 2.015 -4.932 4.2987 · · · 7

G111.821+00.504 23:16:45.2 +61:19:00.0 111.821 +0.504 0.0 0.117(0.018) 0 · · · (0.044) · · · (0.113) · · · · · · 0 · · · (0.052) · · · (0.131) · · · · · · · · · · · · 0

G111.847+00.514 23:16:55.5 +61:20:07.0 111.847 +0.514 0.0 0.100(0.019) 0 · · · (0.050) · · · (0.130) · · · · · · 0 · · · (0.052) · · · (0.132) · · · · · · · · · · · · 0

G111.863+00.800 23:16:11.6 +61:36:29.1 111.863 +0.800 0.0 0.665(0.029) 4 2.226(0.047) 7.079(0.099) 3.438 -49.816 1 0.831(0.050) 1.395(0.073) 1.368 -1.777 3.9775 · · · 7

G111.865+00.860 23:16:01.6 +61:39:53.2 111.865 +0.860 0.0 0.477(0.032) 1 1.145(0.046) 2.953(0.097) 2.163 -47.834 0 · · · (0.054) · · · (0.136) · · · · · · 3.8026 · · · 7

G111.869+00.776 23:16:18.8 +61:35:16.2 111.869 +0.776 0.0 0.269(0.026) 1 0.505(0.049) 0.742(0.074) 1.884 -50.580 0 · · · (0.057) · · · (0.144) · · · · · · 4.0451 · · · 7

G111.877+00.818 23:16:14.9 +61:37:47.7 111.877 +0.818 0.0 0.502(0.028) 1 1.079(0.046) 2.958(0.098) 2.799 -51.452 0 · · · (0.060) · · · (0.153) · · · · · · 4.1226 · · · 7

G111.883+00.992 23:15:46.1 +61:47:39.9 111.883 +0.992 0.0 1.216(0.047) 1 3.847(0.062) 11.661(0.132) 3.105 -48.717 1 2.495(0.066) 7.430(0.136) 3.081 -0.584 3.8800 · · · 7

G111.887+00.602 23:16:58.5 +61:25:54.4 111.887 +0.602 0.0 0.109(0.027) 1 0.267(0.053) 0.660(0.113) 2.364 -51.126 0 · · · (0.057) · · · (0.146) · · · · · · 4.0924 · · · 7

G111.915+00.444 23:17:39.7 +61:17:38.4 111.915 +0.444 0.0 0.113(0.020) 0 · · · (0.049) · · · (0.126) · · · · · · 0 · · · (0.048) · · · (0.121) · · · · · · · · · · · · 0

G111.923+00.548 23:17:25.0 +61:23:38.8 111.923 +0.548 0.0 0.096(0.023) 1 0.225(0.056) 1.053(0.168) 7.651 -50.872 0 · · · (0.065) · · · (0.165) · · · · · · 4.0680 · · · 7

G111.937+00.638 23:17:15.6 +61:28:59.5 111.937 +0.638 0.0 0.107(0.019) 0 · · · (0.077) · · · (0.200) · · · · · · 0 · · · (0.055) · · · (0.140) · · · · · · · · · · · · 0

G111.939+00.940 23:16:22.1 +61:45:57.7 111.939 +0.940 0.0 0.056(0.024) 0 · · · (0.074) · · · (0.192) · · · · · · 0 · · · (0.059) · · · (0.151) · · · · · · · · · · · · 0

G111.939+00.974 23:16:15.9 +61:47:51.9 111.939 +0.974 0.0 0.252(0.028) 0 · · · (0.100) · · · (0.259) · · · · · · 0 · · · (0.055) · · · (0.139) · · · · · · · · · · · · 0

G111.941+00.552 23:17:32.8 +61:24:15.2 111.941 +0.552 0.0 0.101(0.022) 0 · · · (0.054) · · · (0.140) · · · · · · 0 · · · (0.059) · · · (0.151) · · · · · · · · · · · · 0

G111.945+00.808 23:16:48.8 +61:38:41.7 111.945 +0.808 0.0 0.664(0.030) 1 1.376(0.055) 3.544(0.116) 2.625 -51.228 1 0.659(0.062) 1.173(0.090) 1.544 -2.939 4.0995 · · · 7

G111.945+00.680 23:17:11.8 +61:31:31.1 111.945 +0.680 0.0 0.312(0.019) 1 0.510(0.048) 1.356(0.101) 2.237 -53.940 0 · · · (0.059) · · · (0.149) · · · · · · 4.3428 · · · 7

G111.945+00.994 23:16:15.1 +61:49:06.9 111.945 +0.994 0.0 0.120(0.028) 0 · · · (0.060) · · · (0.156) · · · · · · 0 · · · (0.064) · · · (0.163) · · · · · · · · · · · · 0

G111.949+00.536 23:17:39.4 +61:23:31.5 111.949 +0.536 0.0 0.080(0.021) 0 · · · (0.056) · · · (0.144) · · · · · · 0 · · · (0.068) · · · (0.172) · · · · · · · · · · · · 0

G111.955+00.964 23:16:25.3 +61:47:39.0 111.955 +0.964 0.0 0.077(0.027) 0 · · · (0.055) · · · (0.143) · · · · · · 0 · · · (0.071) · · · (0.179) · · · · · · · · · · · · 0

G136.121+02.080 02:47:26.0 +61:56:38.2 136.121 +2.080 0.0 0.182(0.047) 1 0.672(0.045) 1.424(0.067) 1.794 -47.055 0 · · · (0.057) · · · (0.144) · · · · · · 3.7392 · · · 7

G136.224+01.082 02:44:38.5 +60:59:51.9 136.224 +1.082 0.0 0.139(0.041) 1 0.379(0.046) 0.516(0.068) 1.412 -43.397 0 · · · (0.040) · · · (0.101) · · · · · · 3.3510 · · · 7

G136.385+02.268 02:50:09.1 +61:59:53.1 136.385 +2.268 0.0 0.341(0.049) 1 1.371(0.049) 3.743(0.103) 3.408 -42.117 1 0.249(0.046) 0.628(0.095) 2.700 6.604 3.2322 · · · 7
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Table 2.4—Continued

BGPS RA Dec ℓ b offset to 1.1 mm flux HCO+ Tmb(HCO+) I(HCO+) fwhm HCO+ vlsr HCO+ N2H+ Tmb(N2H+ ) I(N2H+) fwhm N2H+ vlsr N2H+ Dnear Dfar Distance

Name hh:mm:ss dd:mm:ss ◦ ◦ v1.0(′′) Jy / beam Flag K K km s−1 km s−1 km s−1 Flag K K km s−1 km s−1 km s−1 kpc kpc Flag

G136.534+01.232 02:47:28.9 +61:00:04.3 136.534 +1.232 0.0 0.175(0.049) 1 0.344(0.044) 0.522(0.066) 1.550 -34.250 0 · · · (0.054) · · · (0.137) · · · · · · 2.4643 · · · 7

G136.540+01.238 02:47:32.9 +61:00:14.5 136.540 +1.238 0.0 0.136(0.048) 1 0.150(0.047) 0.390(0.100) 2.703 -35.186 0 · · · (0.055) · · · (0.140) · · · · · · 2.5522 · · · 7

G136.672+01.212 02:48:26.2 +60:55:24.3 136.672 +1.212 0.0 0.192(0.044) 1 0.216(0.054) 0.412(0.081) 1.819 -34.931 0 · · · (0.052) · · · (0.131) · · · · · · 2.5322 · · · 7

G136.672+01.212 02:48:26.2 +60:55:24.3 136.672 +1.212 0.0 0.192(0.044) 1 0.185(0.061) 0.464(0.129) 2.206 -34.731 0 · · · (0.055) · · · (0.139) · · · · · · 2.5133 · · · 7

G136.715+01.332 02:49:11.6 +61:00:44.0 136.715 +1.332 0.0 0.207(0.049) 0 · · · (0.045) · · · (0.117) · · · · · · 0 · · · (0.061) · · · (0.154) · · · · · · · · · · · · 0

G136.715+01.332 02:49:11.6 +61:00:44.0 136.715 +1.332 0.0 0.207(0.049) 0 · · · (0.048) · · · (0.124) · · · · · · 0 · · · (0.047) · · · (0.120) · · · · · · · · · · · · 0

G136.720+00.782 02:47:16.1 +60:30:53.9 136.720 +0.782 0.0 0.263(0.042) 1 0.813(0.054) 2.117(0.114) 2.338 -43.418 0 · · · (0.061) · · · (0.154) · · · · · · 3.3753 · · · 7

G136.720+00.782 02:47:16.1 +60:30:53.9 136.720 +0.782 0.0 0.263(0.042) 1 0.783(0.051) 1.904(0.109) 2.337 -43.362 0 · · · (0.068) · · · (0.172) · · · · · · 3.3694 · · · 7

G136.826+01.140 02:49:19.0 +60:47:29.2 136.826 +1.140 0.0 0.139(0.045) 0 · · · (0.059) · · · (0.154) · · · · · · 0 · · · (0.060) · · · (0.152) · · · · · · · · · · · · 0

G136.826+01.130 02:49:16.8 +60:46:56.9 136.826 +1.130 0.0 0.206(0.045) 0 · · · (0.064) · · · (0.166) · · · · · · 0 · · · (0.061) · · · (0.154) · · · · · · · · · · · · 0

G136.826+01.130 02:49:16.8 +60:46:56.9 136.826 +1.130 0.0 0.206(0.045) 1 0.266(0.061) 0.535(0.091) 1.900 -38.006 0 · · · (0.062) · · · (0.158) · · · · · · 2.8326 · · · 7

G136.826+01.140 02:49:19.0 +60:47:29.2 136.826 +1.140 0.0 0.139(0.045) 1 0.143(0.047) 0.481(0.101) 2.860 -37.238 0 · · · (0.061) · · · (0.155) · · · · · · 2.7576 · · · 7

G136.828+01.062 02:49:03.1 +60:43:13.5 136.828 +1.062 0.0 0.516(0.037) 5 1.450(0.062) 4.189(0.132) 2.540 -34.604 1 0.344(0.071) 0.984(0.146) 3.231 14.697 2.5058 · · · 7

G136.828+01.062 02:49:03.1 +60:43:13.5 136.828 +1.062 0.0 0.516(0.037) 1 1.396(0.061) 4.269(0.128) 2.776 -34.588 1 0.331(0.067) 0.604(0.098) 1.270 14.247 2.5043 · · · 7

G136.848+01.168 02:49:34.7 +60:48:25.1 136.848 +1.168 0.0 0.224(0.046) 1 0.685(0.061) 0.867(0.091) 1.120 -42.325 0 · · · (0.068) · · · (0.172) · · · · · · 3.2687 · · · 7

G136.848+01.168 02:49:34.7 +60:48:25.1 136.848 +1.168 0.0 0.224(0.046) 1 0.596(0.084) 1.294(0.126) NaN -42.587 0 · · · (0.067) · · · (0.171) · · · · · · 3.2959 · · · 7

G136.850+01.150 02:49:31.7 +60:47:23.8 136.850 +1.150 0.0 0.255(0.047) 1 0.462(0.087) 1.340(0.183) 3.361 -42.433 0 · · · (0.065) · · · (0.165) · · · · · · 3.2800 · · · 7

G136.850+01.150 02:49:31.7 +60:47:23.8 136.850 +1.150 0.0 0.255(0.047) 1 0.440(0.099) 0.899(0.148) 1.484 -42.729 0 · · · (0.068) · · · (0.172) · · · · · · 3.3107 · · · 7

G136.892+01.100 02:49:39.5 +60:43:35.7 136.892 +1.100 0.0 0.120(0.045) 1 0.230(0.058) 0.631(0.122) 2.417 -36.652 0 · · · (0.076) · · · (0.194) · · · · · · 2.7031 · · · 7

G136.892+01.100 02:49:39.5 +60:43:35.7 136.892 +1.100 0.0 0.120(0.045) 0 · · · (0.094) · · · (0.244) · · · · · · 0 · · · (0.066) · · · (0.168) · · · · · · · · · · · · 0

G136.914+01.150 02:50:00.0 +60:45:42.6 136.914 +1.150 0.0 0.125(0.036) 0 · · · (0.059) · · · (0.153) · · · · · · 0 · · · (0.064) · · · (0.163) · · · · · · · · · · · · 0

G136.914+01.150 02:50:00.0 +60:45:42.6 136.914 +1.150 0.0 0.125(0.036) 0 · · · (0.086) · · · (0.222) · · · · · · 0 · · · (0.067) · · · (0.169) · · · · · · · · · · · · 0

References. — (1) Parallax (2) IRDC Coincidence (3) Kolpak et al. (2003) (4) Shirley et al. (2003) (5) Tangent Distance (6) Outer Galaxy (7) W3/4/5 Region (8) NGC 7538 Region (9) Cygnus X Region (10) Outer Arm (Cyg X) (11)

IC1396 (12) 3 kpc Arm (13) Outer Arm
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Table 2.5. Table of computed quantities†

BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G010.014+00.084 10.014 0.084 6.5 12 790 2.683 3.436 752.6 568.2 0.016 16.78 13.066

G010.068-00.408 10.068 -0.408 1.917 2 249 3.678 10.511 4560.1 1326.8 0.02 10.981 4.889

G010.213-00.324 10.213 -0.324 1.641 2 492 9.071 23.717 28188 6662.8 0.072 4.9 1.452

G010.226-00.209 10.226 -0.209 2 2 695 5.269 8.055 14106.7 3270.1 0.05 6.995 3.557

G010.403-00.202 10.403 -0.202 1.844 2 107 4.975 21.303 4570.7 5260 0.037 5.515 1.725

G010.621-00.441 10.621 -0.441 6.5 12 917 3.345 1.34 1708.2 26650.2 0.224 2.45 3.055

G010.625-00.338 10.625 -0.338 6.5 12 5063 4.725 2.527 5085.7 1037.4 0.045 12.419 11.276

G010.631-00.510 10.631 -0.51 6.5 12 1648 2.975 2.061 1695.1 1123.8 0.033 11.932 11.997

G010.651-00.126 10.651 -0.126 3.468 2 134 6.264 44.083 1112.8 1505.3 0.017 10.31 2.241

G010.665-00.161 10.665 -0.161 3.506 2 132 5.326 26.62 1099 2681.3 0.025 7.725 2.161

G010.671-00.220 10.671 -0.22 3.503 2 552 3.621 5.289 3482.5 1926.3 0.033 9.114 5.721

G010.687-00.308 10.687 -0.308 6.5 2 1709 2.318 1.459 1371.6 658.9 0.023 15.583 18.621

G010.726-00.332 10.726 -0.332 6.5 12 2119 3.176 2.102 2495.4 948.3 0.032 12.989 12.932

G010.743-00.126 10.743 -0.126 3.433 2 571 5.564 13.11 3964.7 1558.3 0.029 10.133 4.04

G010.745-00.295 10.745 -0.295 6.5 12 467 1.176 0.855 497.6 749.7 0.017 14.609 22.81

G010.752-00.200 10.752 -0.2 3.671 2 554 3.082 4.709 2430.5 1033.7 0.022 12.441 8.276

G010.799-00.380 10.799 -0.38 6.5 12 434 2.918 5.589 501.1 723.8 0.016 14.868 9.078

G010.985-00.370 10.985 -0.37 6.5 12 1478 2.945 2.902 1148.6 471.6 0.018 18.42 15.608

G010.989-00.084 10.989 -0.084 3.456 2 992 2.6 1.944 4472.3 1649.3 0.036 9.85 10.197

G011.053-00.040 11.053 -0.04 3.506 2 91 1.733 4.189 903.2 1703 0.017 9.693 6.836

G011.063-00.096 11.063 -0.096 3.427 2 680 3.005 3.621 2925 1293.8 0.027 11.121 8.435

G011.075-00.386 11.075 -0.386 6.5 12 1734 3.083 1.983 1955.1 1410.5 0.039 10.65 10.917

G011.084-00.536 11.084 -0.536 3.436 2 481 4.82 7.946 4690.2 4174.8 0.052 6.191 3.17

G011.109-00.116 11.109 -0.116 3.399 2 573 6.088 12.712 4778.5 2906.4 0.044 7.42 3.004

G011.111-00.398 11.111 -0.398 6.5 12 6899 4.416 1.535 5400.1 1661.4 0.069 9.813 11.433

G011.130-00.129 11.13 -0.129 3.5 2 720 2.562 2.24 3619.9 1873.4 0.035 9.242 8.913

G011.147+00.054 11.147 0.054 6.5 12 190 2.993 8.945 430 1071.8 0.016 12.218 5.897

G011.303-00.059 11.303 -0.059 3.546 2 481 2.08 2.746 1913.7 651 0.015 15.678 13.655

G011.497+00.214 11.497 0.214 6.5 12 563 4.683 9.338 858.6 1576.1 0.029 10.076 4.76

G012.210-00.102 12.21 -0.102 13.651 4 31741 6.96 0.908 6249.2 5812 0.264 5.247 7.947
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Table 2.5—Continued

BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G012.419+00.506 12.419 0.506 2.289 4 874 4.852 3.182 31266.9 20463.6 0.185 2.796 2.263

G012.498-00.222 12.498 -0.222 3.618 2 386 2.696 2.922 3567.4 3990.7 0.047 6.332 5.347

G012.525-00.286 12.525 -0.286 3.598 2 493 2.454 2.637 2923.5 1891.4 0.031 9.198 8.175

G012.703-00.146 12.703 -0.146 3.535 2 337 1.418 1.248 2073.5 1418.6 0.023 10.62 13.722

G012.809-00.200 12.809 -0.2 3.631 4 17427 9.737 1.337 133246.1 45308.9 0.85 1.879 2.346

G012.817+00.322 12.817 0.322 2.445 2 232 1.436 1.438 4840.3 2102.7 0.026 8.723 10.499

G012.905-00.030 12.905 -0.03 4.598 2 1654 4.793 4.24 6385.8 2243.6 0.052 8.445 5.92

G012.917-00.334 12.917 -0.334 3.626 2 416 5.056 8.991 3723 5131.3 0.057 5.584 2.688

G013.121-00.094 13.121 -0.094 3.562 2 616 2.988 3.408 3222 1827.6 0.033 9.357 7.317

G013.179+00.061 13.179 0.061 4.242 2 2027 6.584 5.405 9990.2 4844.8 0.094 5.747 3.568

G013.187-00.108 13.187 -0.108 4.473 2 761 4.57 5.739 3066.9 3209.2 0.051 7.061 4.255

G013.244-00.084 13.244 -0.084 3.563 2 988 6.204 8.794 7931.5 3310.7 0.057 6.952 3.384

G013.251+00.046 13.251 0.046 4.312 2 126 3.057 8.289 776 3497 0.03 6.764 3.391

G013.261-00.407 13.261 -0.407 3.648 2 571 4.5 7.389 4274.5 2435.3 0.039 8.106 4.304

G013.317-00.310 13.317 -0.31 3.762 2 225 2.935 6.925 1546.3 1463.2 0.02 10.457 5.736

G013.335-00.040 13.335 -0.04 4.457 2 755 3.572 2.823 3242.2 6240 0.08 5.064 4.35

G013.345+00.156 13.345 0.156 2.3 2 108 1.52 2.763 1977.7 1914.4 0.019 9.142 7.939

G013.834-00.482 13.834 -0.482 2.621 2 514 3.259 4.668 4871.7 1719.7 0.03 9.646 6.444

G013.902-00.514 13.902 -0.514 2.556 2 402 2.941 3.686 6440.8 3073.4 0.04 7.215 5.424

G013.952-00.452 13.952 -0.452 2.555 2 170 2.339 4.365 2396 2623.6 0.027 7.809 5.396

G013.954-00.407 13.954 -0.407 2.331 2 324 3.862 8.248 4786.5 2168.6 0.03 8.589 4.317

G014.010-00.175 14.01 -0.175 3.771 2 549 3.486 3.24 4605.7 6758.4 0.076 4.866 3.902

G014.026-00.513 14.026 -0.513 2.324 2 361 2.153 2.161 6579.1 2922.5 0.038 7.399 7.265

G014.184-00.228 14.184 -0.228 3.671 2 383 2.66 2.886 2867.6 3868.9 0.046 6.431 5.464

G014.194-00.510 14.194 -0.51 2.34 2 344 2.223 1.722 8190.2 7725.6 0.071 4.551 5.005

G014.448-00.102 14.448 -0.102 3.632 2 2610 4.526 2.808 8184.5 2196.9 0.06 8.534 7.351

G014.492-00.139 14.492 -0.139 3.683 2 1756 3.142 1.522 8629.6 3412.4 0.071 6.847 8.012

G014.600-00.544 14.6 -0.544 2.109 2 162 3.153 6.166 5445.4 6159.8 0.047 5.097 2.963

G014.630-00.578 14.63 -0.578 2.039 2 932 5.242 4.445 28142.5 10487.1 0.121 3.906 2.674

G014.708-00.154 14.708 -0.154 3.64 2 589 3.729 5.366 3368.9 1938.5 0.034 9.085 5.661
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Table 2.5—Continued

BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G014.986-00.013 14.986 -0.013 2.603 2 147 3.169 8.451 2510.7 2981.9 0.028 7.325 3.637

G015.006+00.008 15.006 0.008 2.58 2 94 2.855 5.342 3277.8 15357.3 0.073 3.228 2.016

G015.052+00.086 15.052 0.086 2.895 2 227 2.93 7.173 2356.3 1280.8 0.019 11.177 6.024

G015.502-00.420 15.502 -0.42 3.484 2 301 2.282 2.922 2442.7 2414.8 0.031 8.14 6.874

G015.556-00.464 15.556 -0.464 1.75 2 171 4.004 9.481 10780.7 6383.8 0.049 5.006 2.347

G015.792-00.410 15.792 -0.41 3.773 2 150 1.885 2.67 1132.9 4031.8 0.035 6.3 5.565

G016.212+00.435 16.212 0.435 2.662 2 64 1.737 5.104 1190 1955.1 0.016 9.046 5.78

G016.442-00.384 16.442 -0.384 3.776 2 153 2.391 3.333 1575 8351.8 0.057 4.377 3.461

G016.578-00.081 16.578 -0.081 3.421 2 657 3.223 4.283 3069.9 1275.2 0.026 11.201 7.813

G016.586-00.051 16.586 -0.051 4.287 2 1384 3.75 1.409 9876 20025.9 0.212 2.827 3.437

G017.992-00.347 17.992 -0.347 3.374 2 188 3.216 6.386 1950.2 4638.7 0.041 5.873 3.355

G018.138+00.332 18.138 0.332 2.193 2 52 1.209 1.319 3145.5 19783 0.07 2.844 3.574

G018.150-00.285 18.15 -0.285 4.028 3 4013 4.458 1.845 10377.1 2997.3 0.085 7.306 7.765

G018.246-00.476 18.246 -0.476 3.753 2 154 1.893 2.628 1155.4 4123.7 0.036 6.229 5.547

G018.303-00.389 18.303 -0.389 2.885 3 1145 4.659 2.692 20662 15425.2 0.167 3.221 2.834

G018.353-00.276 18.353 -0.276 4.46 2 551 3.416 4.21 2043.3 2701.9 0.041 7.695 5.414

G018.410-00.293 18.41 -0.293 4.505 2 395 2.301 1.3 1254.3 16713.9 0.124 3.094 3.917

G018.488-00.164 18.488 -0.164 3.487 2 181 1.472 1.483 1596 3663.1 0.035 6.609 7.834

G018.567-00.089 18.567 -0.089 3.528 2 227 8.131 53.249 1504.3 1435.2 0.02 10.558 2.089

G018.608-00.074 18.608 -0.074 3.477 2 580 4.156 7.488 4259.6 1406.1 0.027 10.667 5.627

G018.802-00.297 18.802 -0.297 4.362 2 1136 3.899 4.596 2448.6 1081.7 0.028 12.162 8.189

G018.844-00.376 18.844 -0.376 4.177 2 869 8.024 24.232 2206.3 959.2 0.024 12.915 3.787

G018.846-00.083 18.846 -0.083 3.519 2 120 1.656 2.922 1215.6 2216.3 0.022 8.497 7.174

G018.864-00.418 18.864 -0.418 2.37 2 126 1.303 1.916 2159.6 1693 0.018 9.721 10.139

G018.888-00.475 18.888 -0.475 4.366 2 4126 6.954 5.269 8877.2 1751 0.06 9.559 6.011

G019.244+00.068 19.244 0.068 2.306 2 52 3.315 22.103 1592.9 1771.9 0.014 9.503 2.918

G019.282-00.388 19.282 -0.388 3.819 2 335 1.342 1.198 1843.7 1170.6 0.02 11.691 15.419

G019.288+00.081 19.288 0.081 2.387 2 215 3.617 8.259 4827.9 3310.8 0.034 6.952 3.492

G019.364-00.029 19.364 -0.029 2.354 2 831 8.509 20.033 14348 2640.7 0.046 7.784 2.51

G019.397-00.008 19.397 -0.008 2.357 2 144 1.828 3.673 2533.6 1394.9 0.017 10.71 8.066
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BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G019.540-00.458 19.54 -0.458 4.237 2 652 2.742 3.088 2077.9 1308.6 0.027 11.057 9.083

G019.610-00.233 19.61 -0.233 12.618 4 38247 9.777 1.225 10890.5 12522.5 0.469 3.574 4.662

G019.684-00.129 19.684 -0.129 11.877 3 6051 2.908 1.154 921.8 414.2 0.026 19.655 26.41

G019.830-00.329 19.83 -0.329 3.368 2 682 1.96 1.579 3818.3 1196.2 0.026 11.565 13.285

G019.914-00.203 19.914 -0.203 4.196 2 343 3.025 6.796 1098.8 799.3 0.016 14.149 7.834

G019.924-00.258 19.924 -0.258 4.235 2 1351 5.377 5.088 6449.7 3874.6 0.07 6.426 4.112

G019.980-00.213 19.98 -0.213 3.382 2 204 2.952 4.779 2448 5596.3 0.048 5.347 3.531

G020.410+00.190 20.41 0.19 6.09 2 299 4.924 12.335 697.3 3281.2 0.038 6.983 2.87

G020.434+00.356 20.434 0.356 16.818 13 1845 5.149 5.055 236.3 1634.3 0.044 9.895 6.352

G020.718-00.359 20.718 -0.359 4.111 2 983 2.918 3.115 2612.3 814.9 0.022 14.012 11.459

G020.772+00.498 20.772 0.498 2.547 2 72 1.626 3.909 1701.1 2312.8 0.019 8.317 6.072

G021.238+00.195 21.238 0.195 2.187 2 114 3.224 7.84 5004.8 6889.1 0.045 4.819 2.484

G021.905-00.340 21.905 -0.34 4.811 2 135 3.347 10.852 643.5 2341.9 0.023 8.266 3.622

G022.371+00.380 22.371 0.38 4.846 2 1244 3.007 2.369 2470.1 1386.6 0.035 10.742 10.075

G022.378+00.446 22.378 0.446 3.569 2 363 4.117 6.44 4046.1 5344.5 0.056 5.472 3.112

G022.416+00.317 22.416 0.317 4.852 2 2921 3.028 1.829 3569.3 569.2 0.025 16.766 17.894

G022.725-00.274 22.725 -0.274 4.429 2 538 2.444 1.636 2533 6469.7 0.073 4.973 5.612

G022.873-00.410 22.873 -0.41 4.513 2 358 3.784 10.886 885.1 685.5 0.014 15.278 6.684

G022.929-00.173 22.929 -0.173 4.114 2 211 1.472 2.242 899.6 785.3 0.013 14.273 13.759

G023.011-00.410 23.011 -0.41 4.59 1 5842 8.109 5.058 12199.3 2483.7 0.085 8.026 5.151

G023.201+00.001 23.201 0.001 4.548 2 1945 4.458 3.728 5815.3 1544.9 0.043 10.177 7.609

G023.208-00.378 23.208 -0.378 4.643 2 2909 15.809 26.837 12123 3681.7 0.088 6.592 1.837

G023.241-00.482 23.241 -0.482 3.946 2 133 3.462 6.931 1303.9 11310 0.066 3.761 2.062

G023.267+00.078 23.267 0.078 4.603 2 902 4.276 3.034 5175.1 10391.3 0.119 3.924 3.252

G023.273-00.211 23.273 -0.211 4.64 2 1707 5.346 6.676 3508.9 1038.7 0.032 12.411 6.934

G023.297+00.055 23.297 0.055 3.638 2 162 3.265 5.908 1673.6 8628.8 0.059 4.306 2.557

G023.367-00.289 23.367 -0.289 4.593 2 859 4.732 4.39 4825.4 6944.6 0.089 4.8 3.307

G023.485+00.097 23.485 0.097 4.793 2 2164 6.452 6.62 5002.6 2047.8 0.054 8.839 4.959

G023.570+00.014 23.57 0.014 5.665 2 2112 6.338 4.963 4338.3 4587.2 0.091 5.906 3.827

G023.870-00.122 23.87 -0.122 10.879 3 12951 5.046 1.528 2497.1 1062.8 0.063 12.269 14.325
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BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G023.954+00.152 23.954 0.152 4.652 3 3510 4.504 2.136 8682 2679.1 0.076 7.728 7.632

G023.996+00.152 23.996 0.152 4.727 2 1465 4.59 5.501 2613.5 1009.7 0.029 12.588 7.747

G024.009+00.489 24.009 0.489 5.181 2 979 5.511 12.342 1636.2 600.2 0.018 16.327 6.708

G024.027+00.241 24.027 0.241 5.258 2 1301 1.702 0.915 1708.9 721.3 0.023 14.893 22.473

G024.052-00.215 24.052 -0.215 4.692 2 477 2.468 3.398 1363.9 975.5 0.02 12.807 10.029

G024.157-00.072 24.157 -0.072 3.583 2 136 1.482 2.434 1032 1539.2 0.018 10.195 9.434

G024.158+00.394 24.158 0.394 5.159 2 800 4.979 8.015 2095.2 1785.7 0.035 9.466 4.826

G024.318+00.086 24.318 0.086 5.948 2 2509 6.234 6.825 2101.4 1131.3 0.038 11.892 6.571

G024.321-00.122 24.321 -0.122 3.526 2 257 1.201 1.043 1988.6 1549.8 0.022 10.161 14.364

G024.330+00.144 24.33 0.144 5.91 2 3364 7.937 4.78 8505.4 7803.6 0.152 4.528 2.99

G024.416+00.103 24.416 0.103 5.9 2 4846 7.209 6.248 4166.9 945.7 0.042 13.007 7.512

G024.473+00.492 24.473 0.492 9.836 3 22487 4.526 0.821 4136.3 1185.2 0.082 11.619 18.511

G024.494-00.038 24.494 -0.038 5.78 4 6122 6.183 2.594 11178.9 3296.9 0.105 6.966 6.244

G024.534-00.182 24.534 -0.182 2.968 2 118 1.854 2.743 2539.6 5456.5 0.039 5.415 4.719

G024.564+00.340 24.564 0.34 5.687 2 1931 3.003 2.261 1866.3 657 0.024 15.605 14.981

G024.632+00.172 24.632 0.172 5.995 2 1701 3.513 2.561 2424.3 1492 0.04 10.356 9.341

G024.633+00.153 24.633 0.153 3.54 2 545 6.705 14.897 4737.9 3563.8 0.049 6.7 2.506

G024.746+00.165 24.746 0.165 5.687 2 971 2.424 1.813 1782.8 1391.7 0.032 10.722 11.494

G024.926-00.158 24.926 -0.158 3.214 2 323 4.751 11.503 3086.6 2793.7 0.035 7.568 3.221

G025.382-00.181 25.382 -0.181 3.971 3 2184 4.978 2.476 12203 8107 0.135 4.443 4.075

G025.393-00.364 25.393 -0.364 3.639 2 321 2.975 3.987 2821.5 4095.9 0.045 6.25 4.518

G025.395+00.035 25.395 0.035 16.301 13 16878 7.983 3.964 1159.4 562.8 0.045 16.86 12.224

G025.613+00.229 25.613 0.229 5.937 2 2558 4.068 3.714 2375.9 521.7 0.023 17.512 13.118

G025.826-00.178 25.826 -0.178 5.099 2 3915 3.785 1.142 14620.4 4973 0.119 5.672 7.662

G025.843-00.385 25.843 -0.385 5.648 2 863 2.995 2.543 1931.6 2271.5 0.042 8.393 7.597

G026.160+00.156 26.16 0.156 5.921 2 626 2.275 1.088 1582.3 10597.2 0.107 3.886 5.378

G026.291+00.142 26.291 0.142 5.98 2 725 2.561 2.039 1262 2437.8 0.042 8.101 8.189

G026.545+00.415 26.545 0.415 10.167 3 6519 2.736 0.738 1740.2 946.8 0.046 12.999 21.838

G026.654+00.009 26.654 0.009 5.993 2 1469 3.96 4.078 1699.4 1015.9 0.03 12.55 8.971

G026.850+00.179 26.85 0.179 5.157 2 553 3.292 4.583 1609.1 1668.3 0.03 9.793 6.603
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Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G027.177-00.105 27.177 -0.105 3.147 2 120 3.535 6.148 1933.5 22484.2 0.101 2.668 1.553

G027.973-00.422 27.973 -0.422 2.965 2 314 2.815 5.158 3600.1 1420.4 0.022 10.613 6.746

G028.047-00.459 28.047 -0.459 3.045 2 111 3.776 9.273 2191.7 11313.5 0.063 3.761 1.783

G028.089+00.069 28.089 0.069 4.63 2 224 2.18 2.412 1171.3 5902.1 0.051 5.207 4.84

G028.147-00.006 28.147 -0.006 5.412 2 2354 4.765 4.852 3478.6 713.6 0.027 14.974 9.812

G028.274-00.165 28.274 -0.165 4.595 2 1655 4.286 4.064 3061.1 1301.3 0.036 11.089 7.939

G028.337+00.115 28.337 0.115 4.641 2 974 4.9 5.87 3731.4 2785.5 0.051 7.579 4.515

G028.345+00.058 28.345 0.058 4.505 2 1623 3.781 3.362 3847.2 1125.7 0.033 11.922 9.385

G028.367+00.121 28.367 0.121 4.672 2 302 3.784 8.325 1229.7 2158.8 0.029 8.609 4.307

G028.450+00.000 28.45 0 15.756 13 14778 3.199 0.943 723.7 225.8 0.023 26.619 39.566

G028.537-00.279 28.537 -0.279 4.974 2 917 1.346 0.687 1896.6 842.8 0.022 13.778 24

G028.565-00.235 28.565 -0.235 4.867 2 4365 7.27 5.222 6704.3 2100 0.069 8.729 5.514

G028.651+00.027 28.651 0.027 9.073 3 7599 5.161 2.002 3309 1571.9 0.069 10.089 10.292

G028.659+00.143 28.659 0.143 4.563 2 568 2.362 2.936 1443.3 820.7 0.019 13.963 11.763

G028.772+00.173 28.772 0.173 5.835 2 796 2.76 3.563 1199 594.9 0.017 16.399 12.541

G028.810+00.171 28.81 0.171 7.4 3 7449 4.365 1.934 3247.8 664.3 0.038 15.519 16.107

G028.831-00.255 28.831 -0.255 4.945 2 2636 7.331 6.675 8512.6 2897.7 0.072 7.431 4.152

G028.841+00.493 28.841 0.493 4.841 2 632 6.108 10.433 2297.7 4408.3 0.06 6.025 2.692

G029.117+00.027 29.117 0.027 5.417 2 830 4.743 9.75 1555.7 687.6 0.019 15.254 7.052

G029.235-00.049 29.235 -0.049 3.754 2 411 2.673 4.515 1878.5 905.6 0.018 13.292 9.029

G029.623+00.249 29.623 0.249 4.462 2 452 2.049 2.823 1274.6 621.4 0.014 16.047 13.786

G029.702+00.121 29.702 0.121 17.004 13 1983 2.353 1.598 136.9 407.7 0.018 19.81 22.619

G029.847+00.001 29.847 0.001 5.616 2 575 2.582 2.541 1378.5 2105.9 0.035 8.716 7.893

G029.898-00.217 29.898 -0.217 5.73 2 2192 2.867 2.679 1399.7 231.6 0.013 26.283 23.179

G029.952+00.151 29.952 0.151 5.281 2 214 2.771 4.12 773.4 5465.6 0.048 5.411 3.848

G029.974-00.050 29.974 -0.05 5.687 2 2540 6.676 4.808 5369.9 4762.5 0.1 5.796 3.816

G030.214-00.189 30.214 -0.189 5.942 2 4592 4.635 2.381 4494.8 1342.6 0.052 10.917 10.212

G030.294+00.054 30.294 0.054 6.137 2 1386 3.187 2.328 2174.8 1667.2 0.04 9.796 9.267

G030.364+00.105 30.364 0.105 5.383 2 1930 3.506 2.572 2584.6 1130.8 0.035 11.895 10.706

G030.420-00.232 30.42 -0.232 5.93 2 5956 5.594 2.772 7241 1563.4 0.063 10.116 8.771
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G030.533+00.025 30.533 0.025 11.347 3 7799 4.529 1.895 1765.8 803.8 0.044 14.109 14.794

G030.623+00.550 30.623 0.55 4.812 2 231 2.635 4.313 1050.3 3027.6 0.033 7.27 5.053

G030.705+00.110 30.705 0.11 5.243 2 1871 2.954 1.675 2536.7 1557.9 0.043 10.134 11.304

G030.713+00.144 30.713 0.144 5.141 2 947 2.195 1.766 1400.6 873 0.023 13.538 14.703

G030.733+00.115 30.733 0.115 5.177 2 2075 3.35 2.513 2069.7 797.6 0.028 14.163 12.897

G030.785-00.022 30.785 -0.022 9.017 3 39438 6.081 0.716 8666.5 3419 0.199 6.841 11.671

G030.811-00.108 30.811 -0.108 5.359 2 696 4.817 8.188 1572.5 1810.8 0.034 9.4 4.742

G030.815-00.052 30.815 -0.052 9.109 4 48708 5.124 0.298 20218.9 11155.3 0.471 3.787 10.02

G030.843+00.180 30.843 0.18 5.432 2 2459 3.226 2.261 1787.5 622.6 0.025 16.031 15.391

G030.865-00.117 30.865 -0.117 5.726 2 2296 4.833 4.367 2080.2 1120 0.037 11.952 8.256

G030.875+00.061 30.875 0.061 4.397 2 2810 3.381 2.11 3965 776.9 0.031 14.351 14.261

G030.896-00.008 30.896 -0.008 4.411 2 220 3.014 10.672 687.4 491.9 0.01 18.036 7.969

G030.919+00.095 30.919 0.095 5.341 2 1284 3.199 3.245 2197.3 733.7 0.023 14.767 11.833

G030.971-00.138 30.971 -0.138 4.517 2 2574 2.957 1.656 4139.3 857.1 0.032 13.663 15.327

G031.027+00.786 31.027 0.786 3.233 2 149 1.827 2.85 1354.4 2787.3 0.027 7.576 6.478

G031.279+00.066 31.279 0.066 7.3 3 17753 4.907 1.284 7327.9 806.3 0.058 14.087 17.943

G031.393-00.253 31.393 -0.253 9.385 4 9141 4.936 1.826 3175.4 1097.5 0.057 12.074 12.899

G032.829-00.082 32.829 -0.082 5.844 2 861 2.934 4.285 1207.5 422.3 0.014 19.464 13.573

G033.237-00.020 33.237 -0.02 6.039 2 1994 3.518 2.535 2504.3 1128.5 0.035 11.907 10.795

G033.652-00.027 33.652 -0.027 6.744 2 5768 3.764 1.814 2709 553 0.031 17.009 18.231

G033.740-00.019 33.74 -0.019 6.985 2 5509 3.246 1.238 2840.5 784.1 0.039 14.285 18.534

G033.818-00.215 33.818 -0.215 3.065 2 89 1.878 3.691 1472.9 4268.3 0.03 6.123 4.6

G033.916+00.109 33.916 0.109 6.971 3 9059 4.566 1.101 9457.8 3190 0.117 7.082 9.742

G034.170+00.089 34.17 0.089 3.531 2 316 1.713 2.161 1773.1 966.5 0.017 12.867 12.633

G034.370+00.201 34.37 0.201 3.554 2 647 2.103 1.908 2924.2 1149 0.024 11.8 12.331

G034.456+00.005 34.456 0.005 5.39 2 1237 5.807 14.171 2384 339.8 0.013 21.699 8.32

G034.739-00.121 34.739 -0.121 4.746 2 894 3.109 3.536 1807.6 985.2 0.025 12.744 9.782

G034.782-00.563 34.782 -0.563 2.728 2 683 3.4 4.903 3653.7 1084.6 0.024 12.146 7.918

G035.452+00.237 35.452 0.237 3.149 2 562 2.406 3.093 2702.2 801.9 0.018 14.125 11.593

G035.523-00.273 35.523 -0.273 2.96 2 431 2.645 3.888 3747.3 1213.3 0.022 11.483 8.407
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G035.568+00.152 35.568 0.152 5.088 2 108 1.469 1.161 557.7 21324.9 0.094 2.739 3.669

G035.576+00.067 35.576 0.067 10.495 3 22150 6.642 2.132 2952.9 696.5 0.057 15.156 14.983

G035.578-00.032 35.578 -0.032 3.349 4 1443 7.502 10.158 14290.8 3148.7 0.063 7.128 3.229

G035.602-00.229 35.602 -0.229 2.953 2 119 3.04 9.863 1987.3 2238.6 0.022 8.454 3.886

G035.606-00.255 35.606 -0.255 2.875 2 369 2.224 3.083 2591.7 1167.6 0.021 11.706 9.623

G035.682-00.177 35.682 -0.177 1.982 2 293 2.469 3.681 7614.7 2038.6 0.028 8.859 6.666

G035.750+00.151 35.75 0.151 5.175 2 2323 5.693 6.811 3777.4 770.2 0.029 14.414 7.972

G036.794-00.205 36.794 -0.205 4.858 2 561 3.203 5.27 1306.7 905 0.02 13.296 8.36

G036.902-00.411 36.902 -0.411 4.956 2 699 2.286 2.377 1437.7 836.3 0.02 13.832 12.949

G037.268+00.081 37.268 0.081 6.268 2 1739 2.832 1.401 2832.7 2393.6 0.056 8.176 9.971

G037.322+00.163 37.322 0.163 6.68 5 502 1.952 1.566 694.3 2199.2 0.035 8.53 9.839

G037.492+00.151 37.492 0.151 1.395 2 15 1.164 3.81 2330.1 7832.6 0.025 4.52 3.342

G037.547-00.111 37.547 -0.111 9.944 3 5550 4.998 2.627 2144.5 1077.4 0.048 12.186 10.854

G037.766-00.217 37.766 -0.217 9.235 3 8566 7.111 2.786 3899 3144.6 0.113 7.133 6.169

G037.874-00.401 37.874 -0.401 9.44 3 10718 7.424 1.885 6838.7 8386.4 0.235 4.368 4.592

G038.373-00.149 38.373 -0.149 5.345 2 1122 2.797 2.738 1819.5 714.8 0.021 14.961 13.052

G038.565-00.039 38.565 -0.039 5.586 2 502 1.654 1.46 997.8 1007.3 0.021 12.603 15.056

G038.655+00.085 38.655 0.085 16.049 13 5826 9.079 14.01 473.3 231.4 0.018 26.293 10.14

G038.877+00.307 38.877 0.307 14.1 13 6427 5.841 3.839 800.6 655 0.036 15.629 11.514

G039.197+00.223 39.197 0.223 14.93 13 1993 4.724 4.265 369.9 1391 0.04 10.725 7.497

G040.284-00.221 40.284 -0.221 5.026 2 1943 8.467 6.582 8379.2 13201.4 0.18 3.481 1.959

G042.435-00.261 42.435 -0.261 7.803 3 3915 3.744 2.074 1711.1 776.4 0.034 14.356 14.389

G043.165-00.029 43.165 -0.029 10.994 4 33223 11.317 2.465 11142.4 4900.1 0.239 5.714 5.253

G043.308-00.213 43.308 -0.213 4.125 2 834 6.093 8.241 5907 5063.9 0.072 5.621 2.826

G043.795-00.125 43.795 -0.125 3.161 4 744 7.172 7.561 13586.2 21927.2 0.183 2.701 1.418

G044.576-00.449 44.576 -0.449 5.642 2 219 3.034 4.3 721.5 7898.6 0.062 4.501 3.133

G045.070+00.134 45.07 0.134 7.382 4 5716 6.927 2.428 7976.8 9113.4 0.201 4.19 3.882

G045.120+00.134 45.12 0.134 7.422 3 11858 5.024 0.792 12012.7 8881.9 0.252 4.244 6.884

G045.454+00.061 45.454 0.061 7.386 3 9473 6.101 1.96 6981.2 2943.7 0.112 7.373 7.601

G045.476+00.135 45.476 0.135 7.7 3 8891 3.664 0.801 4833 2295.2 0.093 8.349 13.465
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G045.824-00.283 45.824 -0.283 6.901 3 2301 4.525 3.89 1886.2 1062.8 0.035 12.27 8.98

G047.053+00.252 47.053 0.252 4.52 2 1105 3.473 3.117 3037.1 1829.8 0.04 9.351 7.645

G048.605+00.025 48.605 0.025 9.612 4 17253 6.903 2.807 3778.9 634.2 0.049 15.884 13.686

G048.895-00.411 48.895 -0.411 5.523 5 360 2.303 0.855 1258.1 71117.3 0.315 1.5 2.341

G048.911-00.280 48.911 -0.28 5.521 5 10915 6.019 1.98 7838.2 1982.2 0.09 8.984 9.216

G048.952-00.285 48.952 -0.285 5.516 5 1289 3.274 1.704 2921.8 5784.7 0.091 5.259 5.816

G048.989-00.299 48.989 -0.299 5.512 3 6427 7.998 3.993 10709.4 3838.8 0.118 6.456 4.663

G049.068-00.327 49.068 -0.327 5.503 2 2206 4.987 4.046 3412.6 1842.5 0.05 9.319 6.688

G049.073-00.349 49.073 -0.349 5.503 5 1356 4.548 3.938 2404.7 3038.5 0.06 7.257 5.279

G049.077-00.373 49.077 -0.373 5.503 3 1136 4.986 8.214 1912.7 828.6 0.024 13.896 6.999

G049.097-00.253 49.097 -0.253 5.5 2 1796 4.448 4.469 2983.7 1036.9 0.032 12.422 8.481

G049.113-00.323 49.113 -0.323 5.499 5 1664 2.986 1.76 2241.5 1812 0.045 9.397 10.225

G049.152-00.365 49.152 -0.365 5.494 5 749 8.588 19.427 1882.8 3765.8 0.057 6.518 2.135

G049.171-00.205 49.171 -0.205 5.492 5 4533 4.81 2.535 4707.6 1426.9 0.054 10.589 9.6

G049.208-00.339 49.208 -0.339 5.488 3 6760 7.98 4.038 9780.3 3311.5 0.108 6.951 4.993

G049.254-00.409 49.254 -0.409 5.483 5 1515 2.588 1.865 2103.5 777.4 0.025 14.346 15.162

G049.267-00.337 49.267 -0.337 5.481 5 4022 7.162 3.693 9050.6 6387.1 0.141 5.005 3.759

G049.287-00.055 49.287 -0.055 5.479 5 737 3.073 2.017 2044.9 7271 0.088 4.691 4.767

G049.367-00.300 49.367 -0.3 5.41 4 10856 5.185 1.038 18524.8 5677.5 0.182 5.309 7.52

G049.369-00.349 49.369 -0.349 5.47 5 4534 3.519 1.141 4838.7 2400.1 0.077 8.165 11.033

G049.405-00.369 49.405 -0.369 5.466 5 2379 3.3 1.402 3814.2 3191.7 0.075 7.08 8.632

G049.415+00.327 49.415 0.327 12.254 13 2789 4.057 2.031 676.1 2638.9 0.069 7.787 7.886

G049.416-00.483 49.416 -0.483 5.465 5 805 1.129 0.544 1246.7 768.1 0.02 14.433 28.257

G049.419-00.019 49.419 -0.019 5.464 2 227 2.55 4.218 702.3 2739 0.031 7.643 5.372

G049.529-00.343 49.529 -0.343 5.452 5 948 7.268 7.034 2173.3 18174.2 0.175 2.967 1.615

G049.598-00.247 49.598 -0.247 5.444 5 562 2.895 1.993 1953.4 9100.8 0.093 4.193 4.287

G049.668-00.456 49.668 -0.456 5.437 5 972 3.261 2.064 3038.9 5572.5 0.08 5.358 5.383

G050.044+00.273 50.044 0.273 5.394 5 463 1.749 1.926 840 722.1 0.016 14.885 15.484

G051.373-00.014 51.373 -0.014 5.244 5 4254 3.218 1.214 4427 1323.6 0.05 10.995 14.407

G058.469+00.434 58.469 0.434 4.393 5 388 4.345 4.916 2648.3 14547.6 0.112 3.316 2.159
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BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G059.499-00.235 59.499 -0.235 3.283 2 325 3.127 4.246 3337.7 4443.5 0.048 6.001 4.204

G059.785+00.067 59.785 0.067 2.16 1 903 3.738 2.33 29604.8 10201.1 0.117 3.96 3.745

G060.015+00.115 60.015 0.115 2.661 2 157 2.364 2.612 4457.7 15282.5 0.086 3.236 2.89

G060.885-00.129 60.885 -0.129 2.836 4 2692 4.717 1.744 28627.9 11053.7 0.178 3.805 4.159

G061.475+00.091 61.475 0.091 2.807 4 3199 4.744 1.761 42570.2 7862.6 0.15 4.511 4.906

G064.141-00.465 64.141 -0.465 3.664 5 954 2.816 2.334 3291.8 1662.8 0.036 9.809 9.269

G071.521-00.384 71.521 -0.384 2.662 5 145 2.87 4.79 3714.9 9387.9 0.06 4.128 2.723

G075.702+00.341 75.702 0.341 1.7 9 51 4.012 20.318 4976 7309.7 0.036 4.679 1.498

G075.758+00.339 75.758 0.339 1.24 4 462 6.636 8.15 71488.9 28575.8 0.186 2.366 1.196

G075.784+00.341 75.784 0.341 1.24 4 329 9.241 17.789 69248.9 39471.8 0.207 2.013 0.689

G075.835+00.399 75.835 0.399 1.7 9 735 4.579 3.195 48780 20175 0.173 2.816 2.274

G075.840+00.369 75.84 0.369 1.7 9 309 3.892 6.008 17501.3 6463.8 0.061 4.975 2.93

G075.860-00.555 75.86 -0.555 1.7 9 63 3.366 12.421 5300.3 7348.8 0.039 4.666 1.911

G076.084+00.137 76.084 0.137 1.7 9 98 2.896 6.945 5908.6 7049.5 0.044 4.764 2.61

G076.094+00.159 76.094 0.159 1.7 9 162 5.219 22.968 8154.1 2458.7 0.026 8.067 2.43

G076.104-00.225 76.104 -0.225 1.7 9 45 2.802 9.928 4471.9 9617 0.041 4.079 1.869

G076.158-00.287 76.158 -0.287 6.614 10 3926 3.769 1.636 3884 1638.9 0.057 9.881 11.151

G076.180+00.062 76.18 0.062 1.7 9 157 2.993 5.816 9397.6 5718.5 0.045 5.29 3.166

G076.188+00.096 76.188 0.096 1.7 9 444 3.78 4.317 18407.9 7107.7 0.073 4.745 3.296

G076.214+00.105 76.214 0.105 1.7 9 92 3.39 10.102 5889.4 6761 0.042 4.865 2.209

G076.358-00.600 76.358 -0.6 1.7 9 646 2.81 1.966 21401.9 5981.6 0.074 5.172 5.324

G076.384-00.623 76.384 -0.623 3.579 4 5251 6.555 2.608 29028.2 6257.6 0.152 5.057 4.52

G076.428+00.107 76.428 0.107 1.7 9 59 1.815 4.849 3741 3445.8 0.023 6.814 4.467

G076.782-00.043 76.782 -0.043 1.7 9 71 4.217 15.256 7110.8 12020.9 0.056 3.648 1.348

G077.612+00.556 77.612 0.556 10.442 10 1404 5.596 8.176 545.7 1100 0.031 12.061 6.088

G077.822-01.315 77.822 -1.315 1.7 9 75 2.736 5.579 6960.7 16347.6 0.07 3.128 1.912

G077.913-01.159 77.913 -1.159 1.7 9 47 3.052 15.119 3478.1 4057.3 0.024 6.28 2.331

G077.926+00.869 77.926 0.869 1.7 9 69 2.269 5.828 4386.3 5593 0.033 5.349 3.198

G077.952+00.005 77.952 0.005 1.7 9 45 2.18 4.692 4614.7 19561 0.067 2.86 1.906

G077.952-01.137 77.952 -1.137 1.7 9 121 2.981 8.391 6544.7 3139.5 0.027 7.139 3.557



163

Table 2.5—Continued

BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G077.988+00.575 77.988 0.575 1.7 9 54 2.388 8.446 3354.7 4076 0.025 6.265 3.112

G078.020+00.610 78.02 0.61 1.7 9 160 7.609 48.594 6259.3 2552.9 0.026 7.917 1.639

G078.038+00.615 78.038 0.615 1.7 9 52 3.646 9.314 5959.5 41790.8 0.116 1.957 0.925

G078.058+00.617 78.058 0.617 1.7 9 100 2.097 3.199 7587.7 10046.5 0.056 3.991 3.221

G078.110-00.321 78.11 -0.321 1.7 9 167 3.677 7.52 11424.5 8004.7 0.057 4.471 2.353

G078.114-00.293 78.114 -0.293 1.7 9 197 2.204 3.315 7458.8 3134.2 0.032 7.145 5.665

G078.114-00.639 78.114 -0.639 1.7 9 259 3.437 5.128 13937.6 7030.7 0.06 4.77 3.041

G078.150-00.393 78.15 -0.393 1.7 9 194 3.844 10.468 7030.6 2890.6 0.03 7.44 3.319

G078.200-00.409 78.2 -0.409 1.7 9 172 3.089 7.54 6535.6 2629.2 0.027 7.801 4.101

G078.256-00.313 78.256 -0.313 1.7 9 21 1.656 5.522 2101.8 11127.4 0.035 3.792 2.329

G078.328-01.337 78.328 -1.337 1.7 9 27 1.329 2.1 2747.6 30316.7 0.076 2.297 2.288

G078.380+01.017 78.38 1.017 1.7 9 110 2.445 3.398 10480.4 17339.9 0.083 3.038 2.379

G078.504+01.003 78.504 1.003 1.7 9 56 3.037 14.111 2965.3 3410 0.022 6.85 2.632

G078.889+00.711 78.889 0.711 1.7 9 480 4.696 4.364 37790.7 21640.8 0.157 2.719 1.879

G078.953-00.184 78.953 -0.184 1.7 9 100 2.16 4.435 5736.6 4453.4 0.032 5.994 4.109

G078.979+00.353 78.979 0.353 1.7 9 436 3.252 2.743 24829.4 11629.5 0.1 3.709 3.232

G079.011+00.670 79.011 0.67 1.7 9 192 2.974 4.834 10564.3 6401.6 0.051 4.999 3.282

G079.132+00.966 79.132 0.966 1.7 9 149 1.189 1.31 5670.9 2173.7 0.023 8.579 10.818

G079.133-00.366 79.133 -0.366 1.7 9 247 3.242 3.796 19026.4 13398.3 0.091 3.456 2.56

G079.255+00.417 79.255 0.417 1.7 9 162 1.876 2.694 5755.4 3290.2 0.031 6.973 6.132

G079.269+00.390 79.269 0.39 1.7 9 174 2.369 3.286 8651 6341.3 0.049 5.023 4

G079.291+01.306 79.291 1.306 6.938 10 2641 2.465 0.757 2912.6 2862 0.072 7.477 12.406

G079.309+01.310 79.309 1.31 7.106 10 5983 4.119 1.482 3254.7 1615.5 0.065 9.952 11.8

G079.315+00.281 79.315 0.281 1.7 9 269 2.63 2.715 14436.9 8783.9 0.071 4.268 3.739

G079.337+00.344 79.337 0.344 1.7 9 555 3.545 4.233 16366.5 3272.7 0.047 6.992 4.906

G079.347+00.006 79.347 0.006 1.7 9 55 2.668 6.469 5807.9 16859.4 0.065 3.081 1.748

G079.533+00.031 79.533 0.031 1.7 9 20 1.784 4.23 2554.7 41276.9 0.084 1.969 1.382

G079.737+00.992 79.737 0.992 1.7 9 54 4.175 20.311 5252 8380.9 0.04 4.369 1.399

G079.877+01.180 79.877 1.18 1.7 9 335 4.102 5.266 22141.2 11211 0.09 3.778 2.376

G079.985+00.839 79.985 0.839 1.7 9 276 2.781 3.541 10967.5 5273.7 0.051 5.508 4.225
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Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G080.021-00.424 80.021 -0.424 1.7 9 54 1.339 3.083 3553.7 2608.6 0.018 7.832 6.438

G080.183+00.782 80.183 0.782 1.7 9 77 3.044 13.22 3518.9 2235.1 0.019 8.461 3.359

G080.223+00.668 80.223 0.668 1.7 9 36 2.115 7.408 3082.5 6496.8 0.03 4.963 2.632

G080.355+00.712 80.355 0.712 9.068 10 6071 4.123 1.802 1720.7 879.9 0.043 13.485 14.502

G080.366+00.446 80.366 0.446 1.7 9 352 2.123 1.749 13697.4 5332.5 0.056 5.478 5.979

G080.523+00.721 80.523 0.721 5.829 10 1316 4.684 5.944 1949.9 1119.3 0.03 11.956 7.079

G080.635+00.685 80.635 0.685 1.7 9 406 3.604 4.446 16511.5 5844.3 0.062 5.232 3.582

G080.668+00.672 80.668 0.672 1.7 9 53 1.935 4.675 4106.6 6939.6 0.035 4.802 3.206

G080.699+00.698 80.699 0.698 1.7 9 127 2.902 9.307 4577.9 1782.7 0.019 9.474 4.483

G080.830+00.568 80.83 0.568 1.7 9 274 3.213 4.276 15303.9 7235.1 0.063 4.703 3.283

G080.863+00.345 80.863 0.345 1.7 9 72 3.358 13.163 5108.9 4679.5 0.03 5.847 2.326

G080.863+00.385 80.863 0.385 1.7 9 326 4.851 9.52 18253.5 5478.1 0.055 5.404 2.528

G080.863-00.092 80.863 -0.092 1.7 9 97 2.214 6.07 4448.9 2172.7 0.02 8.581 5.028

G080.865+00.422 80.865 0.422 1.7 9 607 3.848 4.792 26508.2 3093.3 0.046 7.192 4.743

G080.883+00.306 80.883 0.306 1.7 9 53 2.506 9.615 4784.8 3779.9 0.024 6.506 3.029

G080.917+00.330 80.917 0.33 1.7 9 47 2.079 5.645 4012.9 7993.4 0.037 4.474 2.718

G080.939-00.126 80.939 -0.126 1.7 9 645 4.704 6.43 19615 3782.1 0.054 6.504 3.703

G080.953-00.292 80.953 -0.292 1.7 9 67 1.901 5.673 2873.7 2190.7 0.018 8.546 5.179

G080.955-00.154 80.955 -0.154 1.7 9 129 1.775 1.588 10593.7 18236.1 0.09 2.962 3.393

G081.041+00.594 81.041 0.594 1.7 9 54 1.502 4.022 3049.7 2340.3 0.017 8.268 5.952

G081.045-00.152 81.045 -0.152 1.7 9 158 2.509 4.794 6039.6 3498.1 0.032 6.763 4.459

G081.119-00.138 81.119 -0.138 1.7 9 351 2.16 1.99 12635 4028.7 0.046 6.302 6.449

G081.147+00.697 81.147 0.697 1.7 9 76 1.321 2.884 3088 1491 0.014 10.359 8.805

G081.175-00.099 81.175 -0.099 1.7 9 248 3.798 7.28 20100.4 4889.8 0.047 5.72 3.06

G081.209+00.858 81.209 0.858 1.7 9 142 2.981 8.421 7426.9 2239.5 0.023 8.453 4.204

G081.213+00.805 81.213 0.805 1.7 9 68 2.554 9.435 3589.3 2719.2 0.021 7.671 3.605

G081.249+01.126 81.249 1.126 1.7 9 53 2.067 7.026 3161 3102.3 0.021 7.182 3.911

G081.271+01.000 81.271 1 1.7 9 80 2.767 9.924 3624.7 2781.4 0.022 7.584 3.475

G081.273+00.917 81.273 0.917 1.7 9 60 2.039 6.862 3346.9 2387.5 0.018 8.186 4.511

G081.303+01.054 81.303 1.054 1.7 9 432 3.737 3.833 34041 10001.3 0.091 4 2.949
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Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G081.314-00.102 81.314 -0.102 1.7 9 174 2.082 4.186 5274.5 1418.8 0.018 10.619 7.492

G081.343+00.762 81.343 0.762 1.7 9 411 5.062 7.008 27760.6 11175.1 0.096 3.784 2.063

G081.361+00.615 81.361 0.615 1.7 9 28 1.242 3.159 2437 5911 0.025 5.203 4.226

G081.371+00.879 81.371 0.879 1.7 9 66 1.108 2.082 3080.9 1817.5 0.016 9.383 9.387

G081.381+01.221 81.381 1.221 1.7 9 86 1.718 5.206 2512.7 954.4 0.011 12.947 8.191

G081.383+00.707 81.383 0.707 1.7 9 34 2.632 9.446 2900.3 13323 0.047 3.465 1.628

G081.401-00.026 81.401 -0.026 1.7 9 141 2.609 6.407 5908.7 2332.2 0.024 8.283 4.723

G081.434+00.705 81.434 0.705 1.7 9 162 2.225 3.179 9248.9 5541.4 0.044 5.373 4.35

G081.445+00.764 81.445 0.764 1.7 9 92 2.063 3.293 7602.6 9739.1 0.053 4.053 3.224

G081.450+00.730 81.45 0.73 1.7 9 137 2.185 4.604 5168.4 2282.8 0.023 8.372 5.632

G081.453+00.472 81.453 0.472 1.7 9 280 2.438 3.664 8196.4 2105.3 0.028 8.718 6.574

G081.471-00.054 81.471 -0.054 1.7 9 47 2.651 13.649 2529.8 2394.8 0.017 8.174 3.194

G081.473-00.032 81.473 -0.032 1.7 9 42 1.786 5.029 3013.6 5602.7 0.028 5.344 3.44

G081.475+00.022 81.475 0.022 1.7 9 729 2.384 1.581 18025 3371.1 0.052 6.889 7.909

G081.499+00.558 81.499 0.558 1.7 9 171 1.705 2.481 6467.3 2123.7 0.024 8.68 7.955

G081.511+00.032 81.511 0.032 1.7 9 131 1.925 3.374 5523.5 2995.6 0.027 7.308 5.743

G081.519+00.196 81.519 0.196 1.7 9 323 1.738 1.764 6683.1 1858.9 0.027 9.277 10.082

G081.523+00.064 81.523 0.064 1.7 9 80 1.984 5.615 4318.2 2074.5 0.018 8.782 5.35

G081.525+00.566 81.525 0.566 1.7 9 209 1.829 2.834 4812.9 1459.4 0.02 10.471 8.978

G081.543+00.988 81.543 0.988 1.7 9 185 2.494 4.369 9235.6 3244.5 0.032 7.022 4.85

G081.547-00.043 81.547 -0.043 1.7 9 218 2.076 3.546 6087.5 1459.1 0.02 10.472 8.027

G081.549+00.098 81.549 0.098 1.7 9 176 2.405 2.718 13004.8 12016.8 0.076 3.649 3.195

G081.563+00.278 81.563 0.278 1.7 9 39 2.083 7.775 2794.5 4480.9 0.024 5.976 3.093

G081.563-00.092 81.563 -0.092 1.7 9 37 2.869 23.204 1760.2 1243.4 0.01 11.344 3.399

G081.567+00.334 81.567 0.334 1.7 9 37 1.28 1.912 3190.6 18028.8 0.059 2.979 3.11

G081.584+00.105 81.584 0.105 1.7 9 146 2.115 2.217 12507.9 14766.5 0.082 3.292 3.191

G081.593+00.061 81.593 0.061 1.7 9 111 2.176 4.789 6215.7 3001.6 0.026 7.301 4.816

G081.597+00.422 81.597 0.422 1.7 9 87 1.438 2.525 3700.9 2811.3 0.023 7.544 6.853

G081.619+01.117 81.619 1.117 1.7 9 57 1.551 3.443 3147.4 4108.1 0.025 6.241 4.855

G081.623+00.456 81.623 0.456 1.7 9 83 2.951 7.573 3906 8603 0.047 4.313 2.262
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Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G081.639+00.483 81.639 0.483 1.7 9 53 2.435 7.601 3783.2 6513.2 0.034 4.956 2.595

G081.639+00.103 81.639 0.103 1.7 9 105 1.666 3.345 5136.3 1998.4 0.019 8.948 7.062

G081.641+00.747 81.641 0.747 1.7 9 25 6.955 101.981 3424.7 6651.7 0.027 4.905 0.701

G081.651+00.720 81.651 0.72 1.7 9 150 14.067 180.58 5268.4 2264.5 0.024 8.406 0.903

G081.653+00.138 81.653 0.138 1.7 9 19 1.385 5.375 1492 5106.3 0.02 5.598 3.485

G081.665+00.466 81.665 0.466 1.7 9 83 4.054 7.259 8984.1 65300.5 0.182 1.565 0.839

G081.681+00.541 81.681 0.541 1.7 4 3349 8.064 3.019 201604.8 34388.9 0.408 2.157 1.792

G081.693+00.146 81.693 0.146 1.7 9 81 2.741 12.49 3710.5 1277.2 0.013 11.192 4.571

G081.721+00.574 81.721 0.574 1.7 4 3257 9.528 3.324 182372.1 74096.3 0.675 1.469 1.163

G081.751+00.094 81.751 0.094 1.7 9 18 3.672 34.526 1768.3 7048.7 0.025 4.764 1.17

G081.753+00.592 81.753 0.592 1.7 9 1541 3.736 1.325 62672.6 18994.2 0.212 2.902 3.64

G081.759+00.814 81.759 0.814 1.7 9 57 1.851 3.992 4111.5 7392.2 0.038 4.652 3.361

G081.767+00.789 81.767 0.789 1.7 9 35 2.981 19.681 2666 2980.2 0.017 7.327 2.384

G081.797+00.912 81.797 0.912 1.7 9 154 1.716 2.796 4848.9 1887.3 0.021 9.207 7.948

G081.819+01.282 81.819 1.282 1.7 9 29 1.537 3.412 3661.6 14983.6 0.048 3.268 2.554

G081.832+00.852 81.832 0.852 1.7 9 135 1.772 2.297 9368.6 5431.7 0.041 5.427 5.169

G081.837+01.206 81.837 1.206 1.7 9 207 2.397 3.773 8790.1 3185 0.033 7.088 5.267

G081.841+00.908 81.841 0.908 1.7 9 164 2.617 4.636 7290.3 4651 0.039 5.865 3.932

G081.844+00.881 81.844 0.881 1.7 9 337 2.104 1.691 13794.7 6101.2 0.06 5.121 5.685

G081.859+00.962 81.859 0.962 1.7 9 34 2.138 9.163 2473.6 4118.7 0.021 6.233 2.972

G081.873+00.783 81.873 0.783 1.7 4 1813 5.133 1.997 127952 26930.6 0.283 2.437 2.49

G081.897+00.814 81.897 0.814 1.7 9 197 2.247 3.013 10536 4684.3 0.042 5.844 4.86

G081.939+00.777 81.939 0.777 1.7 9 25 1.671 6.979 1922.8 3881.5 0.019 6.42 3.508

G081.939+00.924 81.939 0.924 1.7 9 60 4.089 42.006 1339.1 674.1 0.008 15.407 3.431

G081.945+00.752 81.945 0.752 1.7 9 17 1.655 7.691 1696.8 5810.3 0.022 5.248 2.731

G081.957+00.792 81.957 0.792 1.7 9 47 1.324 3.381 2610.1 2451.7 0.017 8.078 6.341

G082.187+00.102 82.187 0.102 1.7 9 96 1.944 3.397 5578.6 5775.7 0.038 5.263 4.122

G082.365+00.268 82.365 0.268 1.7 9 129 2.802 8.066 4777.4 2144.5 0.022 8.638 4.39

G082.475+00.415 82.475 0.415 1.7 9 184 10.569 118.309 5315.7 963.6 0.014 12.886 1.71

G082.517+00.117 82.517 0.117 1.7 9 231 1.431 1.812 3909.3 1041.6 0.016 12.394 13.291
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Table 2.5—Continued

BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G082.553+00.234 82.553 0.234 1.7 9 28 1.54 6.514 1829.2 2320.5 0.014 8.304 4.696

G082.555+00.036 82.555 0.036 1.7 9 43 1.547 6.203 2014.8 1216.1 0.01 11.47 6.648

G082.569+00.121 82.569 0.121 1.7 9 79 2.667 12.353 4034.1 1192.6 0.012 11.583 4.757

G082.583+00.202 82.583 0.202 1.7 9 221 2.51 4.003 10488 3084.1 0.033 7.203 5.197

G082.613+00.118 82.613 0.118 1.7 9 65 1.937 6.065 3614.8 2161.7 0.017 8.603 5.043

G083.035+00.179 83.035 0.179 1.7 9 44 2.986 8.22 5248.7 25604.7 0.079 2.5 1.259

G083.465+00.160 83.465 0.16 1.7 9 85 2.735 7.96 5570 4438 0.031 6.004 3.072

G084.453-00.135 84.453 -0.135 1.7 9 29 1.324 3.209 2589.7 7224.7 0.03 4.706 3.792

G084.546+00.106 84.546 0.106 1.7 9 203 2.024 2.083 11683.9 7147.5 0.056 4.731 4.732

G084.591+00.166 84.591 0.166 1.7 9 44 2.362 3.41 5528.2 88450.2 0.18 1.345 1.051

G084.621+00.202 84.621 0.202 1.7 9 92 2.684 7.852 6356 3509.4 0.027 6.752 3.478

G084.651+00.158 84.651 0.158 1.7 9 51 2.298 6.812 2819.9 6946.6 0.035 4.799 2.654

G084.836-01.092 84.836 -1.092 1.7 9 852 3.136 2.602 15361.1 2871.8 0.049 7.464 6.679

G084.934-00.470 84.934 -0.47 1.7 9 81 1.873 3.068 5821 8796 0.048 4.265 3.515

G085.030+00.366 85.03 0.366 1.7 9 138 1.838 2.448 8802.2 5347.1 0.041 5.47 5.046

G085.043-00.144 85.043 -0.144 1.7 9 349 2.223 1.929 14093.5 5324.2 0.055 5.482 5.698

G085.050-01.140 85.05 -1.14 1.7 9 215 2.947 5.46 7528.6 3353.2 0.035 6.908 4.267

G085.075-00.138 85.075 -0.138 1.7 9 144 2.386 3.474 9899.4 8152.6 0.055 4.43 3.431

G085.257+00.010 85.257 0.01 5.096 10 391 2.511 2.974 1120.5 2399.4 0.034 8.166 6.835

G085.411+00.004 85.411 0.004 5.548 10 1495 4.08 2.427 3981.4 5570.5 0.093 5.359 4.966

G099.118+03.924 99.118 3.924 0.75 11 18 1.754 3.81 19864.7 64038.5 0.108 1.581 1.169

G099.981+04.170 99.981 4.17 0.75 11 55 3.777 8.762 61859 54495.5 0.141 1.713 0.836

G109.995-00.281 109.995 -0.281 2.65 6 127 4.115 24.045 2982.1 840.7 0.012 13.795 4.061

G109.997-00.087 109.997 -0.087 2.65 6 24 2.46 19.252 1452.5 2054 0.012 8.826 2.904

G110.017+00.271 110.017 0.271 2.65 6 22 2.005 16.667 1679.2 1124.1 0.008 11.931 4.218

G110.039-00.283 110.039 -0.283 2.65 6 44 1.353 5.793 572.8 620.1 0.007 16.063 9.633

G110.061-00.110 110.061 -0.11 2.65 6 21 1.386 7.575 457.9 1408 0.009 10.66 5.591

G110.061-00.170 110.061 -0.17 2.65 6 30 1.452 8.742 459.9 593.1 0.006 16.425 8.019

G110.073-00.087 110.073 -0.087 2.65 6 22 3.184 37.44 1400.9 1532.2 0.01 10.219 2.411

G110.075-00.192 110.075 -0.192 2.65 6 136 2.118 5.535 558.1 1116 0.014 11.974 7.346
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BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G110.087+00.127 110.087 0.127 2.65 6 39 1.961 8.499 1629.1 2411.6 0.016 8.145 4.033

G110.097-00.066 110.097 -0.066 2.65 6 55 4.387 38.152 5978.2 1616.2 0.014 9.95 2.325

G110.113+00.051 110.113 0.051 2.65 6 59 3.444 22.643 8211.4 1596.3 0.014 10.012 3.037

G110.229+00.959 110.229 0.959 2.65 6 33 2.286 19.93 634.6 656 0.006 15.618 5.05

G110.257+00.018 110.257 0.018 2.65 6 61 1.795 7.97 2027.3 676.9 0.008 15.375 7.861

G110.331+00.006 110.331 0.006 2.65 6 67 2.959 23.562 1104.2 445.8 0.006 18.944 5.633

G111.057+01.080 111.057 1.08 2.65 6 69 2.375 15.885 1926.6 363.9 0.005 20.969 7.594

G111.083-00.976 111.083 -0.976 2.65 6 126 1.653 4.261 818.7 639.4 0.01 15.819 11.061

G111.193-00.796 111.193 -0.796 2.65 6 25 2.421 15.734 1352.6 3090.8 0.016 7.195 2.618

G111.259-00.770 111.259 -0.77 2.65 6 21 5.301 116.472 5294.8 1215.2 0.008 11.475 1.535

G111.281-00.706 111.281 -0.706 2.65 6 76 3.149 20.885 5497.9 716.4 0.009 14.945 4.72

G111.285-00.664 111.285 -0.664 2.65 4 36 3.671 19.74 10442.5 9393.7 0.038 4.127 1.341

G111.367+00.746 111.367 0.746 2.65 6 241 4.969 22.962 3174.1 826.3 0.014 13.915 4.192

G111.381+00.748 111.381 0.748 2.65 6 22 3.749 59.068 2641.6 1121.8 0.008 11.943 2.243

G111.383+00.706 111.383 0.706 2.65 6 35 2.201 19.589 1145.6 490.6 0.005 18.059 5.89

G111.387+00.804 111.387 0.804 2.65 6 189 2.35 6.55 873.8 644.6 0.011 15.754 8.886

G111.425-00.556 111.425 -0.556 2.65 6 1022 1.111 0.432 1460.5 860.1 0.024 13.639 29.95

G111.447+00.798 111.447 0.798 2.65 6 98 5.02 26.501 5583 3472.6 0.027 6.788 1.903

G111.451+00.740 111.451 0.74 2.65 6 241 5.112 11.112 1901 8645.5 0.068 4.302 1.863

G111.481+00.804 111.481 0.804 2.65 6 880 3.807 4.282 5710.7 1932.6 0.038 9.099 6.347

G111.485+00.746 111.485 0.746 2.65 6 39 9.623 168.369 8042 4297.5 0.023 6.102 0.679

G111.489-00.648 111.489 -0.648 2.65 6 270 1.471 1.051 1008.7 4614.4 0.046 5.888 8.292

G111.497+00.814 111.497 0.814 2.65 6 60 2.672 18.832 4854.1 582.7 0.007 16.571 5.512

G111.517+00.688 111.517 0.688 2.65 6 783 1.742 0.584 1201.2 8829 0.102 4.257 8.042

G111.523+00.800 111.523 0.8 2.65 6 925 3.987 3.885 12229.9 3088.1 0.053 7.198 5.272

G111.529+00.818 111.529 0.818 2.65 6 50 3.557 25.726 10272.4 1869.3 0.014 9.252 2.633

G111.537+00.756 111.537 0.756 2.65 4 3984 6.472 1.514 54572.7 51451.9 0.566 1.763 2.069

G111.537+00.544 111.537 0.544 2.65 6 3017 1.451 0.126 1292 19625.5 0.271 2.855 11.594

G111.545+00.776 111.545 0.776 2.65 1 37 5.272 83.525 84719.3 1046.5 0.009 12.365 1.953

G111.561+00.832 111.561 0.832 2.65 6 29 2.045 12.822 3358.8 1641 0.011 9.874 3.98
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BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G111.573+00.750 111.573 0.75 2.65 6 57 4.53 44.064 14556.7 1199.7 0.011 11.549 2.511

G111.581+00.698 111.581 0.698 2.65 6 55 4.256 49.5 601.9 630.1 0.007 15.935 3.269

G111.591+00.660 111.591 0.66 2.65 6 762 2.335 1.551 1124.4 2879.4 0.048 7.454 8.64

G111.597+00.806 111.597 0.806 2.65 6 245 2.327 4.299 7519.7 1283.6 0.019 11.164 7.773

G111.603+00.842 111.603 0.842 2.65 6 78 2.957 18.585 2258.7 665.3 0.008 15.508 5.193

G111.615+00.374 111.615 0.374 2.65 6 44 2.768 27.999 15982.6 407.8 0.005 19.808 5.404

G111.633+00.754 111.633 0.754 2.65 6 115 1.993 6.261 780.8 742.2 0.01 14.682 8.47

G111.637+00.734 111.637 0.734 2.65 6 97 2.879 18.475 1264.4 370.1 0.006 20.792 6.983

G111.649+00.388 111.649 0.388 2.65 6 80 1.503 3.902 1193.1 1159.6 0.012 11.747 8.584

G111.661+00.368 111.661 0.368 2.65 6 32 1.714 11.155 819.6 687 0.006 15.26 6.595

G111.665+00.902 111.665 0.902 2.65 6 16 1.394 5.488 779.5 6349.3 0.022 5.02 3.093

G111.701+00.678 111.701 0.678 2.65 6 35 1.652 11.579 965.5 404.6 0.005 19.887 8.436

G111.717+00.778 111.717 0.778 2.65 6 95 2.31 9.981 1848 658.2 0.009 15.591 7.123

G111.717+00.776 111.717 0.776 2.65 6 87 2.367 8.599 1847.3 1392.5 0.014 10.719 5.277

G111.719+00.698 111.719 0.698 2.65 6 101 2.104 6.989 1350.4 965.4 0.012 12.874 7.029

G111.721+00.704 111.721 0.704 2.65 6 312 1.576 1.847 1354 962.6 0.017 12.893 13.695

G111.733+00.034 111.733 0.034 2.348 6 48 2.659 18.973 3380.4 870.4 0.009 13.558 4.493

G111.753+00.590 111.753 0.59 2.65 6 33 3.974 40.917 5020.6 2038.5 0.013 8.859 1.999

G111.759+00.382 111.759 0.382 2.65 6 217 3.242 8.729 767.6 1426.6 0.02 10.59 5.174

G111.769+00.644 111.769 0.644 2.65 6 299 2.917 5.347 2877.6 1745.4 0.025 9.574 5.977

G111.775+00.684 111.775 0.684 2.65 6 190 2.337 6.293 3613.9 699.7 0.012 15.122 8.701

G111.779+00.504 111.779 0.504 2.65 6 623 2.39 2.152 1798.7 1857.2 0.033 9.282 9.133

G111.787+00.586 111.787 0.586 2.65 6 256 2.36 4.372 6024.1 1216.2 0.019 11.47 7.918

G111.789+00.714 111.789 0.714 2.65 6 117 1.856 7.113 2492.6 318.9 0.006 22.398 12.122

G111.795+00.630 111.795 0.63 2.65 6 295 1.534 2.186 817.6 553.2 0.012 17.007 16.603

G111.817+00.750 111.817 0.75 2.65 6 664 2.16 2.383 2323 656 0.017 15.617 14.602

G111.819+00.572 111.819 0.572 2.65 6 22 3.828 30.821 3724.9 8397.9 0.03 4.365 1.135

G111.863+00.800 111.863 0.8 2.65 6 573 3.438 6.117 4979.7 846.7 0.019 13.747 8.023

G111.865+00.860 111.865 0.86 2.65 6 167 2.163 5.049 3576 1104 0.015 12.038 7.733

G111.869+00.776 111.869 0.776 2.65 6 382 1.884 2.211 2014.6 1090.6 0.02 12.112 11.759
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BGPS ℓ b 1.1mm flux Distance Mass FHMW HCO+ Virial Parameter Beam Averaged Density Volume Averaged Density Mass Surface Density Free Fall Time Clump Crossing Time

Name ◦ ◦ Jy / beam Flag M⊙ km s−1 αvir n = cm−3 n = cm−3 g cm−2 105 Years 105 Years

G111.877+00.818 111.877 0.818 2.65 6 654 2.799 2.574 3757.5 2543.7 0.042 7.931 7.136

G111.883+00.992 111.883 0.992 2.65 6 32 3.105 22.525 9103.7 2999.3 0.017 7.304 2.221

G111.887+00.602 111.887 0.602 2.65 6 87 2.364 12.515 814.9 448.5 0.007 18.888 7.707

G111.923+00.548 111.923 0.548 2.65 6 45 7.651 166.945 720.1 816.5 0.008 13.998 1.564

G111.945+00.680 111.945 0.68 2.65 6 520 2.237 2.161 2336.5 1775.2 0.03 9.494 9.323

G136.121+02.080 136.121 2.08 2.07 7 25 1.794 8.57 1743.2 3224.9 0.017 7.044 3.473

G136.224+01.082 136.224 1.082 2.07 7 84 1.412 2.491 1333.2 2780.2 0.022 7.586 6.938

G136.385+02.268 136.385 2.268 2.07 7 42 3.408 25.375 3267 2055.3 0.015 8.823 2.528

G136.540+01.238 136.54 1.238 2.07 7 36 2.703 14.501 1303 3762.8 0.021 6.521 2.472

G136.672+01.212 136.672 1.212 2.07 7 36 1.819 6.565 1837.7 3762.8 0.021 6.521 3.674

G136.672+01.212 136.672 1.212 2.07 7 34 2.206 7.124 1837.7 10427.5 0.04 3.917 2.118

G136.720+00.782 136.72 0.782 2.07 7 43 2.338 8.654 2524.9 5355.5 0.028 5.466 2.682

G136.826+01.130 136.826 1.13 2.07 7 125 1.9 3.151 1975.2 3735.4 0.031 6.545 5.322

G136.828+01.062 136.828 1.062 2.07 7 125 2.54 5.632 4951.7 3735.4 0.031 6.545 3.981

G136.828+01.062 136.828 1.062 2.07 7 46 2.776 13.665 4951.7 3221.8 0.02 7.047 2.752

G136.848+01.168 136.848 1.168 2.07 7 46 1.12 2.224 2149 3221.8 0.02 7.047 6.821

G136.850+01.150 136.85 1.15 2.07 7 68 3.361 19.24 2443 1691.4 0.015 9.726 3.201

G136.850+01.150 136.85 1.15 2.07 7 17 1.484 5.164 2443 10983.2 0.032 3.817 2.424

G136.892+01.100 136.892 1.1 2.07 7 34 2.417 17.415 1152.1 1265 0.01 11.246 3.89

†Calculated quantities in this table assume Td = 20K for all sources.

References. — (1) Parallax (2) IRDC Coincidence (3) Kolpak et al. (2003) (4) Shirley et al. (2003) (5) Tangent Distance (6) Outer Galaxy (7) W3/4/5 Region (8) NGC 7538 Region (9) Cygnus X Region (10) Outer

Arm (Cyg X) (11) IC 1396 (12) 3 kpc Arm (13) Outer Arm
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CHAPTER 3

KFPA MAPPING OF NH3 IN THE G111 INFRARED DARK CLOUD FILAMENT

We present new K-band Focal Plane Array (KFPA) maps of ammonia in the G111

Infrared Dark Cloud northeast of NGC 7538 (G111.7+0.7). We map NH3 (1,1)

and (2,2), H2O maser, and CCS emission simultaneously using the KFPA on the

100 m Green Bank Telescope. We find that the NH3 gas traces the 1.1 mm dust

continuum emission from the Bolocam Galactic Plane Survey (BGPS) very well

with kinetic temperatures consistently close to 15 K. Typical column densities are

2.5 × 1014 cm−2 with a median abundance of NH3 to H2 of 5.94 × 10−8. The me-

dian linewidth of the NH3 emission is 0.64 km s−1, much larger than the thermal

linewidth for 15 K gas, indicating the filament is not thermally supported. The

NH3 is subthermally populated along the entire filament. We find that BGPS

sources are typically resolved into 3-5 NH3 peaks primarily due to the signifi-

cantly higher signal to noise of the NH3 maps. The individual NH3 peaks have a

median size of 0.61 pc, mass of 188 M⊙, and density of 3.4×103 cm−3. We compare

the properties of the NH3 clumps to their star forming activity level defined by

the presence of an embedded infrared source, outflow, or maser emission. The

most active star forming regions are found at the junctions of the subfilaments

that make up the larger G111 IRDC.

3.1 Introduction

Star formation occurs in cold, dense cores of molecular gas. In low-mass regions

such as those in Taurus and Perseus, this process takes place in relatively isolated

environments. These regions are nearby and have been studied at high resolu-

tion, resulting in a moderatly well understood theory of how low-mass star for-
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mation takes place. In contrast, high-mass star forming regions are significantly

farther away and thus the understanding of how these stars form is less devel-

oped. It is still not well understood how the evolutionary stages of massive star

formation compare to those of nearby low-mass stars (e.g. pre-stellar, class 0 -

III).

Infrared Dark Clouds (IRDCs) were first discovered as dark extinction fea-

tures against the Galactic mid-IR background (Perault et al 1996; Egan et al.

1998). They were found to be massive, often filamentary, complexes of molec-

ular gas with densities, nH2
> 105 cm−3, and cold temperatures, typically T < 25

K (Egan et al. 1998). IRDCs may contain the precursors to massive star forma-

tion (Rathborne et al. 2006). High resolution studies of IRDCs show that they

have significant substructure (Ragan et al. 2009; Butler & Tan 2009), and millime-

ter and infrared studies show a population of embedded massive star formation

(Hennemann et al 2009; Rathborne et al. 2007).

Recently with the launch of the Herschel Space Telescope, much work is being

done to understand the detailed structure of the dust and molecular gas that

eventually forms stars. Such studies find IRDCs to be massive filamentary struc-

tures, which dominate the global morphology of the dust continuum emission.

Prestellar and protostellar cores form from these filamentary structures (Peretto

et al. 2012). The formation mechanism and the relative importance of magnetic

fields and turbulence in the formation of filaments is still not well understood.

Gravitational fragmentation within the filament (for example by the “sausage”

instability; Jackson et al. 2010) results in the formation of clumps and dense cores.

Characterizing the evolution of the core population within IRDCs is an important

step toward understanding how the fragmentation occurs and the timescale on

which it occurs.



173

Determining the temperature of the gas and dust and how they couple, is cur-

rently an outstanding problem in understanding the formation and evolution of

IRDCs and filaments. The temperature of the molecular gas affects the masses

and column densities derived from any observation. For a given measurement of

the mm continuum, a change in temperature from 10K to 20K, the typically as-

sumed range for many of these cold clouds, changes gas masses by over a factor

of two and surface density by a factor of a few. Knowing the temperature profile

of these clumps allows us to characterize the power-law index β when determin-

ing dust masses (Shetty et al. 2009). The kinetic temperature of the gas is also

an indicator of activity within the clumps. With the advent in the last decade

of heterodyne receiver arrays, it is now possible to efficiently map long IRDCs

that subtend tens of arcminutes on the sky determining many of their physical

properties.

Most IRDCs are found in the 1st and 4th quadrants of the Galaxy due primar-

ily to the bright mid-IR background that makes these dense, cold clouds visible.

The outer galaxy is dark in the mid-IR, thus posing a problem for finding IRDCs.

However, there are candidates for dark clouds that have been determined from

areas of reddened sources showing extinction from foreground “dark clouds”

(Frieswijk et al. 2007; 2008). One of these regions is to the North and West

of the large HII region complex NGC 7538. Frieswijk et al. (2007) selected the

G111.8+0.58 IRDC filament, G111 filament hereafter, from a list of candidate in-

frared dark clouds based on the (H −Ks) colors of stars. They concluded that the

global characteristics of this filament such as size, column density, and mass are

similar to the bulk properties of IRDCs that are found in the Inner Galaxy (Simon

et al. 2006). In this chapter, we present the first deep map of NH3 emission along

the entire G111 filament. These observations provide the first large scale map us-
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ing NH3 allowing for the determination of the kinetic temperature of the gas not

just for a clump but for the entire 10 pc length of the G111 filament.

We describe the molecular observations of NH3, CCS, H2O, HCO+, N2H
+,

and NH2D of the G111 filament in §2. In §3, we analyze the properties of the

molecular emission. In §4, we compare the molecular observations to infrared

observations from WISE to characterize the evolutionary state of the new clumps

detected in the NH3 maps.

3.2 Observations

3.2.1 GBT Maps

We mapped the G111 dark cloud filament using the new 7-pixel K-Band Fo-

cal Plane Array (KFPA) on the Robert C. Byrd Green Bank Telescope over the

course of 10 shifts in March, April, and May 2011. Our setup observed the NH3

(1,1) and (2,2) inversion transitions simultaneously in the same bandpass utiliz-

ing all 7 beams of the KFPA (centered on 23.709295 GHz). In the central beam,

we added an additional IF at 22.23508 GHz to map H2O masers for half of the

mapping time. For the second half of the time, the central beam was centered

at 22.344033 GHz to map CCS. In all beams and IFs, both right and left circu-

lar polarizations are recorded. The maps are absolute position switched with an

OFF-position chosen from a location devoid of 1.1 mm dust continuum emission

from the Bolocam Galactic Plane Survey (BGPS). The OFF position was checked

to be clear of any NH3 emission prior to mapping. The backend used was the GBT

Spectrometer with 9-level sampling and a 50 MHz bandwidth over 4096 channels

in each beam / spectral window (∆ν = 12.2 kHz corresponding to 0.154 km s−1

at 23.7 GHz). Pointing and focusing were performed every 90 minutes on source

2322+5057 from the GBT pointing catalog (∼ 10◦ away from the G111 Filament).
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Table 3.1. Frequency setup for pointed observations as K-band and Q-Band

K-Band Pointed Observations

IF 1 IF 2 IF 3 IF 4 Frequency Throw

NH3 (1,1) & (2,2) NH3 (3,3) NH3 (4,4) CCS

23.706295 GHz 23.8701296 GHz 24.1394163 GHz 22.3440330 GHz ± 4 MHz

Q-Band Pointed Observations

CH3OH HC3N DC3N HCS+

44.06941 GHz 45.4903373 GHz 42.2156064 GHz 42.6741954 GHz ± 2.8 MHz

We spent ∼24 hours mapping the G111 filament (0.5◦ by 0.25◦) on the sky.

In addition to mapping this region, we also performed frequency-switched

pointed observations centered on the 17 BGPS v1.0 sources that coincide with the

filament. For these observations we used a single beam of the KFPA but a dual-

polarization, 4-IF setup with the IF centered on CCS NJ = 12 → 21 and the NH3

(1,1) through (4,4) inversion lines. Each source was observed for a minimum of

12 minutes with fainter sources having longer integration times. In addition to K-

Band observations, we also used the Q-Band receiver to search for 44 GHz (Class

I) CH3OH masers. A summary of the frequencies used in the pointed observa-

tions is shown in Table 3.1. The spectrometer setup is the same as was used for

mapping; the GBT Spectrometer with 9-level sampling and a 50 MHz bandwidth

over 4096 channels in each beam and spectral window (∆ν = 12.2 kHz).

3.2.2 GBT Calibration

Using routines developed by Glen Langston we calibrate our data from observa-

tions of solar system objects, Venus, Jupiter, and the Moon. Due to the timing
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of the observations not every object was observed every observing session but

we observed at least one if not all three when possible. The observations con-

sist of ON-OFF nods between beam pairs. The beam switched pairs allow us to

solve for the average temperature across the bandpass and determine the gain

factor for each of the 7 beams of the KFPA in both polarizations. To solve for

the gain factor for the antenna the routines first estimate the atmospheric opacity

from a model of the atmosphere and the measured Tsys levels for the spectrum.

It then computes a model temperature of the solar system body including vari-

ations caused by the atmospheric opacity, and GBT efficiencies at the frequency

given (Maddalena 2010). Comparing the ON and OFF nods it determines the ob-

served average temperature. The gain factor is the model temperature divided

by the observed temperature. For all days where we were able to use the Moon

as a calibration source the gain factors remain almost identical. For observing

sessions 4, 7, and 8, we were not able to use the Moon; however, the measure-

ments of the planets on those days were different by only 10% so we corrected

the gains determined by Moon observations by a factor listed in Table 3.2. We

assumed that the intra-beam gain ratios were constant as supported by our cali-

bration data; therefore, a single multiplicative factor is appropriate.

3.2.3 HHT Maps

Maps of HCO+ and N2H
+ were made using the Heinrich Hertz Submillimeter

Telescope on Mount Graham, Arizona. These data were taken in December of

2009 using the ALMA Band-6 dual-polarization sideband-separating prototype

receiver in a 4-IF setup (Lauria et al. 2006; ALMA memo #553). With this setup

we simultaneously and separately observed both the upper and lower sidebands

(USB and LSB, respectively) in horizontal polarization (Hpol) and vertical polar-

ization (Vpol) using two different linearly polarized feeds on the receiver. The
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Table 3.2. The average gain factors for each of the 7 beams and each

polarization of the KFPA used to assemble the NH3 maps. The additional

observing sessions listed modify the average gains per beam by the factor listed.

Beam Gain Factors

Polarization Beam 1 Beam 2 Beam 3 Beam 4 Beam 5 Beam 6 Beam 7

Left – 0.9536 0.9448 0.8601 0.8861 1.0063 0.8436 0.9316

Right – 0.9663 0.9451 0.8595 0.8628 0.9723 0.8491 0.9828

Observing Session Factors

Session 04: × 1.0059

Session 07: × 1.1256

Session 08: × 1.0965
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receiver was tuned to place the HCO+ J = 3 − 2 (267.5576259 GHz) line in the

center of the LSB. The IF was set to 6 GHz, which places the N2H
+ J = 3 − 2

line (279.5118379 GHz) in the USB. The signals were recorded by the 1 GHz Fil-

terbanks in 4-IF mode (1 MHz per channel, 512 MHz bandwidth; LSB velocity

resolution ∆vch = 1.12 km s−1 and USB velocity resolution ∆vch = 1.07 km s−1),

observing each polarization and sideband pair (Vpol LSB, Vpol USB, Hpol LSB, Hpol

USB). Data were calibrated for the main beam efficiency and sideband rejection

following the methods of Schlingman et al. (2011). The maps themselves were

made using the on-the-fly mapping technique scanning in both RA and DEC. The

data were processed and gridded onto a regular grid using GILDAS CLASS1.

3.2.4 IRAM NH2D Pointed Observations

During November 2011, we were able to observe each of the BGPS sources along

the filament in ortho-NH2D (85.9262780 GHz) using the IRAM 30-m telescope.

We used the E90 reciever and the VESPA backend using both polarizations. Each

source was observed for 6 minutes of integration time while frequency switch-

ing with a throw of 4 MHz. Data were automatically calibrated using GILDAS

MIRA1. Line analysis was performed using GILDAS CLASS1.

3.3 Analysis

The following section will contain our methods and analysis for the NH3 map-

ping and pointed data. We interpret the data in two ways: we look at the in-

tegrated intensities of the NH3 (1,1) and (2,2) lines as well as fitting a model of

the NH3 emission to the observed spectra. We will first discuss the integrated

intensity and how it compares to the 1.1 mm dust emission (Figure 3.1 (a)), to be

followed by the model fits and subsequent derived quantities.

1http://www.iram.fr/IRAMFR/GILDAS/
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3.3.1 Filament Structure

Figure 3.1 (a) shows the 1.1 mm dust emission from the BGPS v2.0 maps (Gins-

burg et al. in prep) along with the Bolocat v1.0 source positions. The object which

we refer to as the “G111 Filament” is the ’J’ shaped structure in the center of

the image. The bright region to the right edge is the eastern-most portion of the

NGC 7538 complex. We assume that the G111 Filament and NGC 7538 are at

approximately the same distance of 2.65 kpc as determined from VLBI parallax

measurements of NGC 7538 (Moscadelli et al. 2009). In addition to 17 individual

BGPS sources, we break the filament into 5 distinct sections for pur discussion.

Starting at the bottom of the image, there is a filamentary structure we name the

Lower E-W filament. This connects to a thin vertical filament we refer to as the

the Lower N-S filament. There is a central E-W Filament, an upper N-S filament,

and the Top Region containing the two isolated sources at the northern most end

of the filament.

The peak line temperature maps of the NH3 (1,1) and (2,2) lines, in units of

Tmb, are shown in Figures 3.1 (b) and (c). The NH3 (1,1) emission seems to follow

the dust emission almost identically. NH3 (1,1) and 1.1 mm dust continuum emis-

sion show similar clumping along the filament as well and sources with bright

1.1 mm emission are also bright in NH3 (1,1). The NH3 (2,2) emission is con-

siderably fainter than the (1,1) emission but is detected along the majority of the

filament, Figure 3.1 (c). The brightest clumps in the the filament show strong

(2,2) emission at high signal-to-noise. The location where the Lower N-S filament

meets the Lower E-W filament shows some of the strongest (2,2) emission.

The fourth panel of Figure 3.1, (d), shows the map of water maser emission in

units of Tmb. Many of the bright 1.1 mm sources show maser emission. Some of

the maser locations have several velocity components to the emission; only the
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Figure 3.1: Images of the G111 IRDC filament in I(Tmb). (a : top-left) Image of

the G111 IRDC filament at 1.1 mm dust continuum emission map from the BGPS

version 2.0. This image includes the ’J’-shaped filament along side NGC 7538 to

the right. The BGPS source ellipses are marked in this image. Small green circles

are placed at the v1.0 BGPS peak positions where we performed pointed obser-

vations.

(b : top-middle) The NH3 (1,1) peak line temperature map of the ’J’-shaped fila-

ment taken from with the KFPA on the GBT. The (1,1) emission follows the dust

emission very closely.

(c : top-right) The peak line temperature map of the NH3 (2,2) line. While much

fainter, (2,2) emission is detected along the majority of the filament. Its strongest

at the same locations where the 1 mm emission is also strongest.

(d : bottom-left) The H2O maser peak line temperature map showing the loca-

tions of the H2O masers spots.

(e : bottom-middle) Integrated intensity map for HCO+ J=3-2.

(f : bottom-right) N2H
+ J=3-2. N2H

+ is far weaker than the HCO+ emission along

the filament. The HCO+ traces the NH3 and dust well.
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brightest components at each location are shown in the map. The last two panels

of Figure 3.1, (e) and (f), will be discussed in §3.3.2.5.

3.3.2 Characterizing Integrated Intensities and Peak Line Temperatures

In the final stage of the map reduction (§2), we smooth each spectrum over 4

channels to reduce noise, yielding a frequency resolution ∆ν =0.049 MHz and

velocity resolution of ∆v = 0.618 km s−1. The position switched maps from the

KFPA have extremely flat baselines and a simple linear baseline is removed in

each pixel. The median baseline rms in the map is σT = 30.3 mK, excluding spec-

tra at the edges of the map. We sum the (1,1) and (2,2) emission, including all

hyperfine lines, to compute the NH3 integrated intensities. The median uncer-

tainty in integrated intensity is σI = σT

√

δvchan∆vhyperfine = 0.31 K km s−1 for

NH3 (1,1).

3.3.2.1 NH3

Figures 3.1 (b) & (c) show the peak line temperature maps of the Filament in NH3

(1,1) and (2,2). We set a conservative threshold for detection of 5σ in Tmb and 3σ in

I(Tmb). Using this criterion, the NH3 (1,1) integrated intensity values range from

0.389 K km s−1 to 11.954 K km s−1 with a median value of 1.467 K km s−1. The two

brigtest sources in I(T) (1,1) and (2,2) are #7382 (11.954 K km s−1, 2.54 K km s−1)

and #7404 (11.06 K km s−1, 2.965 K km s−1). These values are lower than those

found by Dunham et al. (2010) in GEM OB1 where they find clouds with I(Tmb) up

to 18 K km s−1 and a median integrated intensity of 4.975 K km s−1. GEM OB1 lies

at a distance of 2.1 kpc (Reid et al. 2009). With both GEM OB1 and the G111 fila-

ment at similar distances, observations probe the same physical size scales mak-

ing these regions good candidates for comparison. We find that I(Tmb) (2,2) ranges

from 0.488 K km s−1 to 2.96 K km s−1 with a median value of 1.046 K km s−1 along
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the filament. The NH3 (2,2) integrated intensities found in this study match the

GEM OB1 sample much more closely than the (1,1) emission. The median NH3

(2,2) integrated intensity for GEM OB1 is I(Tmb) of 0.9 K km s−1 with a maximum

value of 4.06 K km s−1.

3.3.2.2 H2O and CCS

We also analyze the H2O maser and CCS observations in the same manner as

the NH3 emission. Since only the central pixel was used for these observations

and the total map integration time was split between these two species, the rms

noise in the maps is worse (median σT = 60 mK for H2O and median σT = 92

mK for CCS with 55 mK in the lower vertical filament). H2O maser emission was

detected toward 8 of the clumps in the G111 filament (50% of clumps detected).

Figure 3.1 (d) shows the peak line temperature (Tmb) map for H2O maser emission

along the filament. Some of the clumps with the brightest maser emission show

multiple H2O maser velocity components up to 65 km s−1 away from the NH3

source velocity. Most clumps have maser velocities within 10 km s−1 of the source

velocity. Table 3.3 sums up the properties of the H2O maser emission. The source

numbers given to each location come from the numbering system used in the

BGPS v1.0 catalog. They represent the BGPS source most closely associated with

the H2O maser peak.

For the 8 detected H2O masers, we calculate the isotropic luminosity given by

the following equation from Furuya et al. (2003, 2007)

Liso
H20

= 7.84× 10−8L⊙

(

d

2600pc

)2( ∫

T ∗
Adv

1Kkms−1

)

. (3.1)

We present the results in Table 3.3. We find a range in isotropic luminosity from

4.8×10−8 <Liso
H20

< 1.5×10−6L⊙. Using the relation Lbol = (LH2O/(3×10−9))1.075L⊙

(Shirley et al. 2007), we estimate the bolometric luminosity of these sources to
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Table 3.3. Water Maser Info

Source Name Liso L⊙ LBol (estimate) L⊙

7384 1.60E-07 71.74

7387A 9.69E-08 41.90

7387 1.25E-06 653.09

7396 8.97E-08 38.57

7400 5.88E-07 290.95

7401 4.85E-08 19.92

7404 1.56E-06 833.37

7413 5.53E-07 272.39

range from 40 L⊙ to over 800 L⊙, shown in Table 3.3. These bolometric luminosi-

ties are consistent with massive and intermediate mass protostellar luminosities.

The ratio of N(NH3)/N(CCS) is purportedly a chemical evolutionary indica-

tor for low-mass starless cores (Suzuki et al. 1992, Hirota et al. 2004, Roy et al.

2011, etc.). CCS is an early time species that is thought to be depleted by grain

chemistry and adsorption fairly quickly with an abundance that peaks around

105 years (Aikawa et al. 2001), while CCS emission is quite strong toward many

cores in nearby low-mass regions such as Taurus and the Aquila Rift (Shirley et

al. in prep.). The strength of CCS emission observed toward high-mass clumps is

typically much weaker (e.g. Devine et al. 2011). CCS emission was not detected at

any position in our map of the G111 filament. Assuming a median 1/e linewidth

of 0.64 km s−1, a filling fraction of 1.0, and minimizing the column-density with

respect to temperature, the 3σ upper limit on the column density of CCS toward

these clumps is 7.3 × 1012 - 1.2 × 1013 cm−2 at 5.1 K (Devine et al. 2011, Marka et
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al. 2012) with σI = 82.7− 138.4 mK. In our pointed observations we barely detect

some CCS emission above 4-σ. The largest CCS integrated intensity is equal to

0.182 K km s−1, barely larger than the 1-σ error from the maps but a 4-σ detection

in the FS pointed observations.

Typical CCS column densities are found to be 1012 - 1013 in low mass cores

and Bok globules (Devine et al. 2011, Suzuki et al. 1992, Marka et al. 2012) and

∼ 1013 in Orion A (Tatematsu et al. 2010). The ratio of N(NH3)/N(CCS) from

the 3-σ upper limits is N(NH3)/N(CCS) < 20 − 34 (see §3.3.3 on Model Fitting).

The upper limit on the ratio in the G111 filament is less than the ratio found in

these other regions with N(NH3)/N(CCS)∼ 100. CCS is less abundant in regions

of intermediate-mass star formation than in low-mass star formation. Our 30′′

beamsize averages over larger physical areas, at the distance of G111 compared

to Orion or Taurus, further diluting the CCS emission.

3.3.2.3 CH3OH

CH3OH masers may be one of the key species to identifying different evolution-

ary stages of high-mass star formation (Breen et al. 2010). Class I methanol

masers arise from interactions between outflows from a massive protostar and

the surrounding medium. Masing preferentially occurs transverse to the direc-

tion of the outflow due to the long coherent gain path of the swept up gas. Thus

these masers can exist up to 1 pc from the original driving source (Menten 1997;

2012). In contrast, Class II masers arise very near the protostar, pumped by the

strong IR field of the forming star. The conditions for Class II masers are achieved

by heating the dust in the protostellar envelope releasing methanol from grain ice

mantles. When the grains reach 100-200K they pump the Class II transitions (typ-

ically strongest at 6.7 GHz and 12.2 GHz).

Using pointed observations we searched for CH3OH maser emission from the
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Class I methanol maser transition at 44 GHz (Q-band). We found three CH3OH

masers, associated with BGPS sources #7404, #7382 and #7400. The uncalibrated

CH3OH integrated intensities for these three sources are listed in Table 3.4. This

is a lower limit to the number of Class I CH3OH masers as they can be well sep-

arated, over 1.3′, from the position of the protostar and would be well outside of

our pointing beam (Cyganowsky et al. 2009). Class I CH3OH masers are associ-

ated with outflowing material from massive protostars. Thus material is typically

fairly extended and outside of the GBT beam at Q-band (∼ 20′′; Menten 2012; Ba-

trla et al. 1987; Plambeck & Menten 1990; Menten 1997). The area we probed for

methanol masers is < 30, 000 AU at the distance of G111. Other Q-band lines will

be discussed further in §4.

3.3.2.4 NH2D

Our IRAM 30m observations of NH2D at the 17 peak positions along the G111

filament yield 7 detections, shown in Table 3.4. All but one of the sources are

weak detections and have low integrated intensities. Only one of these sources

was bright enough to detect hyperfine lines. We are unable to model the NH2D

optical depth, so we assume the gas is optically thin and use the integrated in-

tensities to determine column densities and compare the deuteration fraction of

these intermediate mass clumps. We compute column densities that range from

a few times 1012 to a few times 1013, shown in Table 3.4. Using the average rms

from our frequency-switched observations as well as the median linewidth from

the NH3 observations, we determine an average 3σ upper limit for the column

density of 6.4 × 1012 cm−3. Using only the 7 detected sources in NH2D, we de-

termine the deuteration fraction N(NH2D)/N(NH3) for each of these sources,

listed in Table 3.4(see §3.3.3 on Model Fitting for N(NH3) determination). The

average deuteration ratio is 3.8% and ranges from 2% to 9%. This is less than



186

the values found in high-mass star forming regions G29.96-0.02, G35.20-1.74, and

IRAS 20293+3952, where the deuteration fraction averages 10%-15% depending

on the source (Pillai et al. 2011; Busquet et al. 2010). The distances to G35.20-1.74

and IRAS 20293+3952 are 2-3 kpc similar to that of the G111 Filament. The com-

parison observations were made interferometrically and thus have small beam-

sizes (∼ 7′′) compared to the IRAM 30m (25′′) which is nearly perfectly beam

matched to the GBT NH3 observations. Beam dilution may be a factor in the

comparison of these regions.

3.3.2.5 HCO+ and N2H
+

Observing the G111 filament in HCO+ and N2H+ J = 3 − 2 allows us to di-

rectly compare the two tracers used in the BGPS Spectroscopic Follow-up Survey

(Schlingman et al. 2011; Shirley et al. 2012) with the NH3 emission that has

also been used during spectroscopic follow-up of BGPS clumps (Dunham et al.

2010; Dunham et al. 2011). We know that the 1.1 mm dust emission of BGPS

clumps is well traced by the HCO+ J = 3 − 2 emission from the previous anal-

ysis of 1,882 objects in the BGPS catalog. Figures 3.1 (e) and (f) show the inte-

grated intensity maps of HCO+ and N2H
+ respectively. Restricting each map to

detections of greater than 5-σ we calculate a median HCO+ integrated intensity

of 1.87 K km s−1 and an N2H
+ integrated intensity of 1.64 K km s−1. The me-

dian noise levels for these two maps are σ(I) = 0.246 K km s−1 for HCO+ and

σ(I) = 0.326 K km s−1 for N2H
+. Restricting the data to be 5σ in both tracers

give a ratio of HCO+ to N2H
+ of 2.6 which is similar to the 2.18 found for single

pointings of individual sources in Schlingman et al. 2011. Figure 3.1 (e) shows

the HCO+ tracing the dust emission along the filament well, while the N2H+ is

very weak only tracing the areas with the brightest dust emission as seen in Fig-

ure 3.1(a). 14 out of 14 BGPS sources are detected in the HCO+ maps and 7 of
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Figure 3.2: 17 pointed NH3 (1,1) and (2,2) spectra with model fits. The (2,2) data

is 0.1 Kelvin below the baseline for easier visibility.

14 sources are detected in the N2H
+ map. Compared to the Schlingman et al.

2011 spectroscopic follow-up survey of the BGPS, we detect the same number

of sources in HCO+ and detect one additional N2H
+ source along the filament.

All of the sources have very similar integrated intensities and the one additional

N2H
+ source that we added was not quite a 3σ detection in Schlingman et al.

2011 but the maps in this work confirm the detection at greater than 3σ.
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Figure 3.3: Maps of the G111 filament representing some of the modeled quanti-

ties from fitting the NH3 spectra.

(a) shows the kinetic temperature (Tk) of the gas using both the (1,1) and (2,2)

sets of lines to model each spectrum. The median temperature of the gas is 14.7 K

lying mostly between 10K and 20K.

(b) shows the logarithm of the modeled column density along the filament,

log10(NNH3
(N/cm2)).

(c) shows the best fit VLSR for the NH3 (1,1) emission along the filament. The

mean velocity is ∼-52 km s−1. The two areas where there is a sharp disconti-

nuity in velocity are locations with two NH3 velocity components of changing

intensities.
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Figure 3.4: (a) Histogram of both the NH3 kinetic temperature (black) and the

excitation temperature (blue-filled). Most of the gas is very subthermally popu-

lated.

(b) Histogram of the NH3 (1,1) column densities.

3.3.3 NH3 Model Fitting

We follow the prescription in Rosolowsky et al. (2008) to fit the hyperfine compo-

nents of the NH3 (1,1) and (2,2) emission to determine the properties of the NH3

gas. The code is written in IDL and uses MPFIT (Markwardt 2009) to calculate

the best fit NH3 spectrum (Rosolowsky private communication). The model fits

a single temperature NH3 slab of gas to the given spectrum and returns the best

fit parameters for kinetic temperature (Tk), Column Density (Log10(N/cm2)), 1/e

Linewidth (σv), the line of sight velocity (vLSR), Excitation Temperature (Tex), and

optical depth τ . It models each of the hyperfine lines for all of the (1,1) and (2,2)

components for every pixel in the map. The original Rosolowsky scripts were

created to model individual spectra and were modified to loop over the entire

map instead of individual sources. In addition to fitting the NH3 maps we also fit

the spectra from our pointed frequency-switched observations shown in Figure

3.2.

To ensure accurate fits, we iterate over the map twice. We initially restrict

the modeling to areas with a (1,1) peak line temperature of more than 6σ above
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the baseline. This ensures the code finds the correct VLSR preventing the most

common error in model fits. This information is then used to set the initial pa-

rameters for a second pass over the data. The second pass fits all spectra with a

peak NH3 (1,1) line temperature greater than 3σ. The fitting is then performed

and the resulting modeled parameters are shown in Figure 3.3. For simple fit pa-

rameters, vLSR and ∆v, we show all data above 3-σ for the G111 maps. Due to

the large number of spectra in the NH3 map of the filament, we restrict the Tmb

signal to noise ratio to be 6σ in NH3 (1,1) and 5σ for NH3 (2,2) when estimating

parameters such as the kinetic temperature that are dependent on a strong detec-

tion and measurable NH3 (2,2) emission. This very conservative restriction still

leaves 3,139 spectral pixels with 1,000 channels each. With a 5σ cut we expect

no false NH3 (2,2) detections in the maps. All parameters and data points within

histograms and scatter plots are restricted to be 5-σ detection.

Even with these restrictions there are two regions in the filament that show

sharp discontinuities for the modeled parameters. These regions are located at

just above where the middle E-W filament meets the upper N-S filament and at

the right end of the lower E-W filament. These discontinuities stem from two

overlapping velocity components in these areas. As one component slowly sep-

arates from the other the linewidths grow very quickly and then immediately

get smaller when the second component becomes well separated from the first

component and the modeling code chooses the strongest component to do the

fitting.

Comparing the model fit quantities to the 1.1 mm dust continuum structure

we start to lose much of the correlation that was evident in the I(T) comparison.

The median value of kinetic temperature (Tk) is 14.69 K, as shown in Figure 3.3

(a). The areas of brightest 1.1 mm and NH3 (1,1) emission do not correspond
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to the hottest gas. Only the bright source at the top right is both warmer and

brighter. The three bright BGPS sources along the bottom E-W filament do not

show independent temperature structure. The lower E-W filament is uniformly

warm overall with a typical kinetic temperature of 15 K.

The lower N-S filament seems to be comprised of primarily colder gas. The

column density of NH3 is shown in Figure 3.3 (b). The filament breaks into its

clumpy structure as was seen in Figure 3.1. This is expected but it is interesting

to see that the top left clump is very cold and has a fairly high column density, the

two effects countering each other to keep the emission low. The velocity structure

of the filament is fairly continuous with a slight gradient in declination (Figure

3.3 (c) & (d)). The lower N-S filament seems to form a slight loop structure in

addition to its curvature in the plane of the sky. The breaks in the model fits

along the vertical filament are real. There is very little detected emission from

dust or NH3 in these two large gaps.

Again, we can make the direct comparison to the Dunham et al. (2010) NH3

dataset of BGPS sources in GEM OB1. We compare τ , column density, Tk, and Tex

(we leave the discussion of linewidth for the next section,§3.3). In GEM OB1, the

median optical depth was 3.32 while this work finds a median optical depth of

1.14. Comparing column densities we find that the sources in GEM OB1 have a

median of 2.3 × 1014 cm−2 very similar to this work which finds a median value

of 2.5× 1014 cm−2, see Figure 3.4 (b).

Comparing the gas temperatures, we find that the two regions are also very

similar. The median Tk for GEM OB1 is 14.26 K and the median for the G111

filament is 14.69 K. These temperatures are inline with those found in other NH3

surveys such as Jijina et al. 1999 who find a median kinetic temperature of 14.7 K

across 264 NH3 cores. Tk is larger in these regions than the temperatures found
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in the typical low-mass star forming regions such as Perseus where Rosolowsky

et al. 2008 find typical temperatures of 11 K. However, the temperatures typi-

cally associated with high mass star formation that has already begun are much

higher than those seen in the filament. For example, the Orion Ridge has ki-

netic temperatures of 70 K–80 K (Wiseman & Ho 1998) and cores in W3 average

around 30 K (Tieftrunk et al. 1998). In addition to the kinetic temperatures of

the gas, we also compare the excitation temperatures. We find that in both G111

and GEM OB1, that the NH3 is very subthermally populated. The G111 filament

has a median Tex of 4.38 K and GEM OB1 a median Tex of 3.6 K. The low excita-

tion temperatures indicate the bulk of the NH3 emission in the G111 filament is

dominated by regions of lower density gas (n < 105 cm−3). The critical density

of NH3 is n = 2 × 103 cm−3, however it does not become thermally populated

(Tex/Tk > 0.9) until the density is > 105 cm−3 for a kinetic temperature of 15 K.

3.3.4 Linewidth and non-thermal support

With Tk measured, the next step is to characterize the non-thermal support in

the filament. We compare the observed NH3 linewidth with the non-thermal

linewidth
√

∆v2 − c2s finding a median thermal linewidth of 0.08 km s−1 for NH3

(0.25 km s−1 H2 sound speed) which is significantly smaller than the median ob-

served linewidth of 0.692 km s−1. The H2 sound speed in GEM OB1 is 0.22 km s−1

as found by Dunham et al. (2010). The small sound speed results in a median

non-thermal linewidth is 0.686 km s−1 which is indistinguishable from the ob-

served values. Figure 3.5 (a) show the observed linewidths as they vary across

the filament. Figure 3.5 (e) shows the histogram of observed linewidths. Optical

depth may broaden the linewidth (Phillips et al. 1979); for instance, to double the

linewidth τ would need to go from 1 to 10. With such a small thermal linewidth

and optical depths near unity, we conclude the filament is primarily supported
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Figure 3.5: (a) shows the 1/e linewidth along the filament from the model fit

to the NH3 spectra. There are two regions that have overlapping velocity com-

ponents where the line width is artificially larger than a single component. The

median thermal linewidth for NH3 is 0.08 km s−1 which is nearly zero when sub-

tracted from the observed linewidth in quadrature and is therefore not shown.

(b) Map of the HCO+ first moment line of sight velocity.

(c) Map of the HCO+ FHWM determined from gaussian fitting.

(d) vlsr for NH3 (1,1) versus vlsr HCO+ J=3-2. The black line is 1:1.

(e) Histogram of 3-σ detected 1/e linewidth for NH3 (1,1) (black) and HCO+ J=3-2

(Blue-filled).
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by non-thermal motions. It is worth pointing out that the median linewidth for

the bottom E-W filament region is 0.75 km s−1. This value is close to the 1-σ

variation found in vLSR for the same area of 1.12 km s−1. The filament does not

appear have much variation in average linewidth from North to South. However,

the bottom and middle E-W filaments have larger linewidths than the rest of the

filament but there are no other apparent trends beyond this.

In addition to the NH3 linewidth, we also have a complete map of HCO+ and

may compare how another tracer matches up in velocity structure and linewidth

along the filament. Figure 3.5 (b) and (c) show the line-of-sight velocity and

linewidth maps of HCO+. The NH3 vLSR map, Figure 3.3 (c), shows only one ve-

locity component for the majority of the filament. Comparing this with the HCO+

velocities, it would be an indication of a problem if the velocities of the two trac-

ers were significantly different. We find the velocities to be fairly well matched as

shown by Figure 3.5 (d). There is a slight velocity gradient from North to South

along the filament ranging from -48 km s−1 at the top to -53 km s−1at the bottom.

The lower E-W filament also shows a slight velocity gradient from East to West.

The G111 Filament is unlikely to be perfectly orthogonal to our line-of-sight and

is probably inclined. HCO+ and NH3 show the same velocity gradients over the

filament. Where the two tracers differ significantly is in linewidth.

HCO+ has no resolved hyperfine lines in the J = 3 − 2 transition. The HCO+

linewidth is therefore likely to be dominated by turbulent and unresolved mo-

tions. The thermal contribution to the FWHM linewidth for HCO+ gas at 14.7 K is

0.147 km s−1. This linewidth is much narrower than the several km s−1 observed

in this work and in Schlingman et al. 2011. Figure 3.5 (e) compares the NH3 and

HCO+ linewidths. The HCO+ lines are nearly a factor of 2 larger than the NH3

lines. This trend was also seen by Rathborne et al. 2008 where they observed the
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pipe nebula in C18O and NH3 and find that the CO linewidths are systematically

wider by a factor of 1.4. The ratio of HCO+/NH3 median linewidths in the G111

filament is 1.85. Rathborne et al. attribute this to the fact that CO is tracing the

more rarified gas near the edges of the cloud and will be more likely to be af-

fected by turbulent motions while the NH3 is tracing the dense, more quiescent

compact cores. HCO+ and N2H+J=3–2 trace gas densities an order of magnitude

higher than that of NH3 and cannot be explained the same way. If the dominant

effect of the linewidth was due to turbulent gas, then the observations of NH3

linewidths should be larger than that of HCO+. This does not indicate the con-

clusions for CO are incorrect, only that this effect cannot be explained in the same

manner. Optical depth broadening does affect the linewidth and is more severe

for HCO+. To double the linewidth of HCO+, the optical depth seen toward the

G111 filament would have to be on the order of τ ∼ 10. There is not enough evi-

dence to show that the optical depths are high enough to resolve the discrepancy

between the NH3 and HCO+ linewidths.

3.3.5 1.1 mm dust continuum emission versus molecular properties

In this section we directly compare NH3 emission to that of the dense gas trac-

ers HCO+ and N2H
+and the 1.1 mm dust continuum emission from the BGPS

maps. Figure 3.6 (a) shows that NH3 traces the 1.1 mm dust flux modestly well,

ρspearman = 0.55. The Spearman’s rank coefficient is a measure of the monotonic

dependence between two variables (Schlingman et al. 2011). Both the integrated

intensity and the BGPS fluxes are restricted to points greater than 5-σ, leaving

∼ 4500 discreet points. The HCO+ integrated intensity versus the 1.1 mm dust

flux is also correlated, ρspearman = 0.59, and is not significantly different than that

of NH3. The other 3 panels in Figure 3.6 do not show significant correlations cor-

relations with 1.1 mm flux and Tk (b), NH3 Column Density (c), or NH3 linewidth
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Figure 3.6: (a) The integrated intensity of NH3 (1,1) in K km s−1 versus the 1.1 mm

dust continuum flux in Jy per beam from the BGPS map. Both the integrated

intensity and the BGPS flux are restricted to be above 5-σ, leaving ∼ 4500 discrete

points.

(b) Modeled Kinetic Temperature versus the 1.1 mm dust continuum emission.

The kinetic temperature data points are restricted to those described in model

fitting. No restriction has been made for the 1.1 mm flux.

(c) Column Density versus the H2 column density determined from the 1.1 mm

BGPS flux along the filament.

(d) Linewidth versus 1.1 mm dust continuum emission.
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Figure 3.7: (a) Integrated intensity of NH3 (1,1) versus HCO+ J=3-2 integrated

intensity

(b) Integrated intensity of NH3 (1,1) versus N2H
+ J=3-2 integrated intensity

(c) Integrated intensity of N2H+ J=3-2 versus HCO+ J=3-2 integrated intensity

(d). This indicates that maps like those presented in this work are necessary to charac-

terize the gas properties of IRDC filaments as they cannot be derived solely from

millimeter dust emission maps.

Comparisons of the NH3 emission with our dense gas tracers are shown in

Figure 3.7. Figure 3.7 (a) shows the NH3 (1,1) integrated intensity versus the

HCO+ integrated intensity. Both NH3 and HCO+ correlate well with the 1.1 mm

dust continuum emission so it is logical that they correlate with each other as

well, ρspearman = 0.76. The N2H
+ does not seem to correlate as well with the NH3

however there are very few data points compared to the other trends, Figure 3.7

(b). In the previous BGPS spectroscopic papers we found that the HCO+ and

N2H
+ were well correlated with each other. Since these previous observations

were made of single pointings on individual objects it is still a good idea to plot

these two tracers against each other to compared their mapped locations. This

relation is shown in Figure 3.7 (c) and these two tracers correlate well with each

other (ρspearman = 0.84). These trends are consistent with the correlations found

by Reiter et al. (2011) who found that higher critical density tracers correlate

better with each other than lower critical density tracers.
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Figure 3.8: (a) The model fit NH3 column density versus the dust determined H2

column density using Tdust=Tk.

(b) The HCO+ column density versus the dust determined H2 column density

using Tdust=Tk and Tex(HCO+) = 5 K.

(c) The model fit NH3 column density versus the HCO+ column density using

Tex(HCO+) = 26.6 K.

(d) The model fit NH3 column density versus the N2H
+ column density using

Tex(N2H
+) = 27.7 K. (e) A map of the relative abundance of NH3 to dust deter-

mined H2. Scale in log units.
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In Figure 3.8, we compare the column densities for the molecular tracers with

the column density derived from the dust continuum emission. For panel (a) we

use the NH3 model fit column densities and also use the dust temperature equal

to the kinetic temperature again from the NH3 model fits. We assume a 100:1

gas-mass to dust-mass ratio and OH5 dust opacities, κ = 0.0114 (Ossenkopf &

Henning 1994). The typical ratio of N(NH3) to N(H2) ranges from 10−7 to 10−8

with a median value of 5.94×10−8. A map of the abundance is shown in Figure 3.8

(e). There is no strong abundance trend along the filament. The areas of brightest

emission of NH3 show similar values for abundance and much of the structure

follows the pattern visible in the map of Tk. Figure 3.8 (b) shows the HCO+ col-

umn density versus the same H2 column as panel (a). For HCO+ and N2H
+ we

assume an excitation temperature equal to the median of the NH3 kinetic tem-

perature (15 K). The median column density for these two dense gas tracers is

NHCO+ = 1.37 × 1012cm−2 and NN2H+ = 1.17 × 1012cm−2. The true excitation

temperature is lower than these values as HCO+ and N2H
+ are probably sub-

thermally populated like NH3. There is a clear upward slope as N(H2) increases

but there is a lot of scatter. However, comparing N(NH3) versus N(HCO+) shows

a tight correlation and N(NH3) versus N(N2H
+) in panel (d) shows almost no

trend. Knowing that the N2H+ only shows up in the brightest of 1.1 mm sources

in the G111 Filament, it is likely the sources with both NH3 and N2H+ detections

have the highest densities.

3.4 Sorting out an Evolutionary Sequence

With the basic properties of the filament now characterized, we turn to studying

the properties of the clumps within the filament. We add to the molecular maps,

WISE 12 µm and 22 µm image data, CO outflow locations (Ginsburg et al. in
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Figure 3.9: This region provides an example of the activity analysis. The top left

panel is the 1.1mm dust continuum map from BGPS V2.0, the top right panel is

the line temperature signal to noise ratio map for NH3 (1,1), the bottom left is

the 22µm WISE image, and the bottom right panel is the H2O maser map. Each

of these images has many region files overlaid. The green ovals are the original

BGPS v1.0 sources, the red circles are locations of bright shocked H2, The red

and blue x’s are locations of CO outflows, the yellow circles are locations of 10-

sigma NH3 peaks, and lastly the magenta circles are the locations of the BGPS

v1.0 peaks. The yellow and magenta circles are 30′′ in diameter.
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prep), and shocked H2 data (Stringfellow et al. in prep.). We use WISE instead of

Spitzer MIPS imaging because the WISE images cover the entire filament while

the Spitzer archive observations do no. This analysis is broken down into two

sections. We first look for star formation activity at the locations of BGPS v1.0

peaks. This information then motivates further investigation into the substruc-

ture of the BGPS clumps which is described in the second section. The second

section discusses the properties of individual NH3 peaks.

3.4.1 Activity inside BGPS sources and peak positions

Table 3.4 lists all of the data for the v1.0 positions for the main BGPS sources that

comprise the filament. One of these sources, #7396, was not originally part of the

list for our pointed observations so some of the data is missing and the rest was

taken from the NH3 maps themselves. These positions have been sorted by active

clumps versus inactive clumps. Active clumps have at least one tracer of star

formation activity. This could be an embedded protostar showing up as a WISE

12/22 µm source, areas of shocked H2 or a CO outflow indicating outflowing gas

from a forming protostar, or maser activity associated with the source indicating

hot and outflowing gas. Inactive sources contain none of these activity tracers.

To determine overlap with the peak position the activity tracer has to be clearly

within the GBT beam centered at the peak position, ∼30′′ diameter.

We show a region in Figure 3.9 as an example of the activity analysis we per-

formed. The top left figure panel is the 1.1mm dust continuum map from BGPS

V2.0, the top right panel is the line temperature signal to noise ratio map for

NH3 (1,1), the bottom left is the 22µm WISE image, and the bottom right panel

is the H2O maser map. Each of these images has many region files overlaid. The

green ovals are the original BGPS v1.0 sources, the red circles are locations of

bright shocked H2 (Stringfellow et al. in prep.), the red and blue x’s are locations
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of CO outflows (Ginsburg et al. in prep.), the yellow circles are locations of 10-

sigma NH3 peaks, and lastly the magenta circles are the locations of the BGPS

v1.0 peaks. The yellow and magenta circles are 30′′ in diameter. Clearly, there is

much substructure within each BGPS v1.0 clump which we characterize in terms

of the substructure seen in the NH3 clumps.

3.4.2 Activity at NH3 peaks

Figure 3.9, shows how unique and interesting individual BGPS sources are. The

BGPS source itself covers a large area and with increased signal to noise, the NH3

maps break the larger BGPS sources into 3-5 individual sources. While there is

a lot of activity within the BGPS sources themselves, it is not always centered

around the peak of the dust emission. For example, source # 7382, in the lower

right of each panel in Figure 3.9 has a dust peak with many activity tracers but

there is activity over the full length of the source itself. Inspecting the NH3 TMB

map, the NH3 emission is clearly tracing substructure within the originally de-

fined BGPS clumps. This is accentuated in the signal to noise ratio map that is

shown in Figure 3.9. Because of this significant substructure we analyzed the

NH3 TMB map and catalogued the NH3 peak positions by eye. To be conserva-

tive on what is a real source, we perform a signal-to-noise cut restricting sources

to have a peak value ≥ 10σ above the baseline. The 17 v1.0 BGPS clumps break

into 69 10-σ NH3 peaks that we analyze in this section.

The 69 sources are listed in Table 3.5. We also characterize each NH3 peak for

activity by defining the following set of activity levels, see Figure 3.10 (a). An

inactive source has an activity level of 0. An activity level of 1 only has a WISE

22 µm source. Level 2 has no IR source but has a water maser or an outflow.

An activity level of 3 has everything except maser emission. An activity level

of 4 has everything except an outflow. Finally an activity level of 5 means that
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Table 3.4. BGPS Peak; Source Activity

Inactive Sources

BGPS Associated† WISE 2.2 µm H2O Maser N2H+ NH3 (3,3) NH3 (4,4) CH3OH CO outflow CCS HC3N HCS+ NH2D Tk N(NH3) N(NH2D)‡NH3 ∆v vLSR
Tex
Tkin

N(NH2D)
N(NH3)

Source NH3 Peak Source Shocked H2 K km s−1 K km s−1 MaseraK km s−1 K km s−1 K km s−1 K log(cm−2) log(cm−2) km s−1 km s−1

7390 32 Offset Offset N Y N N N N 0.060 N N N 14.170 14.080 N 0.392 -53.101 0.260 N

7392 · · · N N N N N N N N N N N N 20.968 14.146 N 0.608 -52.737 0.146 N

7395 45 N N N · · · N N N N 0.037 Y N N 15.712 14.055 N 0.421 -50.127 0.195 N

7402 43 N N N N N N N N 0.074 N N 0.115 14.462 14.205 12.706 0.455 -50.559 0.299 0.032

7410 · · · N N N · · · N N N N 0.056 N N N 23.624 13.148 N 0.992 -49.428 0.227 N

Average · · · N N N N N N N N 0.057 N N 0.115 17.787 13.927 12.706 0.573 -51.191 0.380 0.032

Active Sources

7382 14 Y · · · Y Y 0.965 0.130 0.600 Y 0.167 Y Y N 16.800 14.709 N 0.928 -52.900 0.270 N

7384 33 Y Y Y B 0.140 N N Y N Y N 0.067 15.157 14.090 12.472 0.541 -52.942 0.267 0.024

7385 · · · Extended Bubble N N 0.053 N N N N N N N 25.401 14.661 N 1.109 -53.367 0.111 N

7387 16 Offset · · · Y Y 0.109 N N Y Y Y N 0.203 14.405 14.564 12.953 0.695 -51.989 0.323 0.024

7396 · · · Y Y Y N · · · · · · · · · Y · · · · · · · · · · · · 14.884 14.365 · · · 0.577 -51.458 0.249 · · ·

7388 39 Y Y N N N N N N N N N N 16.916 14.249 N 0.448 -52.379 0.181 N

7397 15 N Diffuse N Y 0.403 N N Offset 0.182 Y Y 0.384 14.678 14.790 13.230 0.680 -53.137 0.318 0.028

7400 44 Y Y Y Y 0.472 0.095 0.356 Y N Y Y 0.121 18.493 14.406 12.728 0.633 -50.233 0.238 0.021

7401 56 Y Y Offset N N N N Offset N Y N N 16.555 14.387 N 0.686 -48.029 0.215 N

7403 46 Y Y N N 0.096 N N N N N N N 18.680 14.206 N 0.576 -51.439 0.212 N

7404 64 Y Y Y Y 0.789 0.078 1.422 Y N Y Y 0.632 17.733 14.803 13.446 0.765 -48.887 0.286 0.044

7412 · · · Offset Bubble · · · · · · 0.077 N N N N N N N 20.339 13.278 N 0.650 -54.099 1.000 N

7413 50, 53 Y Y Y Y 0.138 N N Offset 0.110 Y Y 1.110 14.555 14.735 13.691 0.593 -51.182 0.288 0.090

Average · · · Y Y Y Y 0.324 0.101 0.793 Y 0.142 Y N 0.419 17.277 14.403 13.087 0.683 -51.695 0.304 0.039

†Associated NH3 peak from Table 3.5 if overlap between NH3 peak and GBT pointing is at least half a beam.

‡NH2D column densities are computed with T=17.1 K for all sources since the detections were too weak to model.

aUncalibrated Q-band integrated intensities.
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the source has all tracers. Of the 69 NH3 peaks, 52% are inactive (0), 9% level 1,

17% level 2, 10% level 3, and 12% level 5 (most active). Table 3.5 lists the source

position, the peak signal to noise ratio for the NH3 (1,1) line, and whether there

was a statistically significant saddle in the NH3 emission between two adjacent

sources. The next columns are similar as the previous table listing the presence

of WISE 22 µm emission, H2O emission, shocked H2, and CO outflows. The 4th

column from the end indicates whether the NH3 source corresponds to a unique

1.1 mm dust continuum clump (by-eye), if it is shared with another NH3 peak or

there is no defined dust emission corresponding to the NH3 peak. The 1.1 mm

clumps are generally not sources identified uniquely in the BGPS v1.0 catalog.
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Table 3.5. NH3 Peak Table

Source RA DEC Signal Clear WISE H2O Shocked CO 1.1 mm NH3 Radius Virial Mass Activity

Name to Noise NH3 Peak 22 µm Maser H2 Outflow Source pc M⊙ Level

1 23:15:16.213 +61:20:28.51 21 Y N N · · · N Y 0.90 252 0

2 23:15:23.821 +61:20:37.51 11 Y N N · · · N Y 0.71 1720 0

3 23:15:16.817 +61:21:24.01 20 Y N N N N Y 0.90 1874 0

4 23:16:40.993 +61:21:24.76 22 Y N N N N D 0.77 1462 0

5 23:16:34.842 +61:21:34.51 30 Y Y N Y N S 0.60 1332 3

6 23:16:30.148 +61:21:38.26 29 Y N N Y N S 0.68 624 2

7 23:16:22.012 +61:21:40.51 63 Y Y Y N Y N 0.77 182 5

8 23:15:34.753 +61:21:43.51 41 Y D N N N Y 0.78 195 0

9 23:15:09.813 +61:21:58.51 16 Y N N W N D 0.48 83 2

10 23:15:39.132 +61:21:58.51 43 Y N N W N D 0.60 278 2

11 23:15:43.723 +61:21:58.51 57 Y Y N Y N Y 0.31 169 3

12 23:15:19.095 +61:22:10.51 12.5 Y N N N N D 0.43 318 0

13 23:16:39.654 +61:22:15.01 46 Y N N N N S 0.66 1649 0

14 23:15:55.826 +61:22:17.26 130 Y Y W Y Y Y 0.55 447 5

15 23:16:30.895 +61:22:36.01 89 Y D N Y N Y 0.85 365 2

16 23:16:12.839 +61:22:44.26 111 Y Y Y Y Y Y 0.78 547 5

17 23:16:41.962 +61:22:46.51 24 Y N N N N S 0.46 355 0

18 23:15:28.371 +61:22:48.76 13 Y N N N N Y 0.57 257 0

19 23:15:14.486 +61:22:54.01 15.7 Y Y N N N Y 0.50 63 1

20 23:16:24.532 +61:22:55.51 54 Y N N N N Y 0.36 108 0

21 23:16:37.902 +61:23:20.26 61 Y D W N N Y 0.77 264 2

22 23:16:44.807 +61:23:52.51 31 Y N N N N D 0.71 243 0

23 23:15:56.658 +61:23:53.26 32 Y N N N N S 0.43 166 0

24 23:16:20.160 +61:24:05.26 25 Y N N Y N S 0.39 69 1

25 23:16:04.910 +61:24:08.26 49 Y D N N N Y 0.78 121 0

26 23:15:56.761 +61:24:20.26 29 Y N N N N S 0.41 276 0

27 23:16:16.716 +61:24:27.01 24.5 Y N N Y N S 0.26 42 1

28 23:16:48.897 +61:24:32.26 25 Y N N N N Y 0.59 288 0

29 23:16:02.821 +61:24:36.76 43 N N N N N Y · · · · · · 0

30 23:15:56.760 +61:24:54.01 34.5 Y N N Y N D 0.47 259 1

31 23:16:54.555 +61:25:03.76 15 Y N N N N Y 0.45 108 0

32 23:16:08.990 +61:25:26.26 40 Y Y N Y N Y 0.68 118 3

33 23:15:55.923 +61:25:37.51 36 Y Y Y Y Y S 0.49 227 5

34 23:15:53.935 +61:26:03.01 33 Y N N Y Y S 0.67 121 2

35 23:15:55.501 +61:26:53.26 18 Y D N N N N 0.57 137 0

36 23:15:49.955 +61:27:19.51 32 Y D N N N S 0.55 150 0

37 23:15:48.696 +61:27:54.76 44 Y Y N Y N S 0.82 243 3

38 23:15:50.885 +61:29:36.76 34 Y N N Y N S 0.65 124 2

39 23:15:50.882 +61:30:14.26 30 Y Y N N N S 0.60 85 1

40 23:15:54.548 +61:30:57.01 33 Y N N N N Y 0.42 98 0

41 23:15:56.643 +61:32:15.76 36 Y Y Y Y N Y 0.66 142 5

42 23:16:00.420 +61:33:02.26 29 Y Y N N N Y 0.60 127 1

43 23:16:18.285 +61:35:17.26 40 Y N N N N Y 0.80 168 0

44 23:16:10.199 +61:36:18.01 57 Y Y Y Y Y Y 0.78 306 5
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Table 3.5—Continued

Source RA DEC Signal Clear WISE H2O Shocked CO 1.1 mm NH3 Radius Virial Mass Activity

Name to Noise NH3 Peak 22 µm Maser H2 Outflow Source pc M⊙ Level

45 23:15:41.808 +61:36:30.01 31 Y D N N N Y 0.70 97 0

46 23:16:15.572 +61:37:36.01 42 Y D N N N Y 0.58 173 0

47 23:16:04.631 +61:38:03.01 47 Y D N Y N Y 0.76 208 3

48 23:16:24.627 +61:38:05.26 30 Y N N N N Y 0.79 166 0

49 23:16:30.942 +61:38:06.76 23 Y N N N N Y 0.73 189 0

50 23:16:47.472 +61:38:22.51 85 Y N N N Y Y 0.72 244 2

51 23:15:49.052 +61:38:30.01 12 Y N N N N W 0.50 80 0

52 23:16:10.738 +61:38:38.26 24 Y N N N N D 0.59 120 0

53 23:16:48.436 +61:39:00.01 85 Y D Y Y N Y 0.63 133 2

54 23:15:46.206 +61:39:02.26 12.5 Y N N N N W 0.65 50 0

55 23:15:53.892 +61:39:21.01 10.3 Y N N N N N 0.66 144 0

56 23:16:00.316 +61:39:45.76 43 Y Y Y Y N Y 0.55 230 5

57 23:16:00.843 +61:41:00.76 44 Y Y N Y N Y 0.79 191 3

58 23:15:57.364 +61:41:49.51 53 Y N N N N Y 0.86 228 0

59 23:16:00.211 +61:42:26.26 23 Y N N N N Y 0.74 227 0

60 23:15:58.628 +61:43:16.51 15 Y N N N N D 0.51 113 0

61 23:15:45.726 +61:46:42.76 15 N N N N N D 0.61 626 0

62 23:16:10.363 +61:46:54.76 11 Y N N Y N Y 0.47 104 2

63 23:16:17.451 +61:47:14.26 15 Y N N Y N Y 0.49 190 2

64 23:15:44.661 +61:47:35.26 110 Y Y Y Y Y Y 0.80 450 5

65 23:16:13.012 +61:47:39.01 16 Y N N N N Y 0.11 49 0

66 23:16:18.518 +61:48:09.01 11 Y D N N N N 0.52 275 0

67 23:16:12.804 +61:48:10.51 15 Y N N N N Y 0.45 107 0

68 23:15:34.809 +61:48:35.26 11 Y D N D N Y 0.43 33 3

69 23:15:48.144 +61:48:51.01 19 Y N N N Y Y 0.76 181 2

†Y - clearly defined source, N - no emission, D - Diffuse emission, S - 1.1 mm clump shared between adjacent NH3 clumps.

We first look at the nearest neighbor distances between NH3 peaks to measure

the approximate fragmentation scale, Figure 3.10 (b). The NH3 peaks have a me-

dian separation of 53.8′′. We do not have the resolution or sensitivity to resolve

the substructure on scales below 0.19 pc (15′′). It is not clear if all NH3 sources

are independent peaks, overlapping clouds of gas, or overdensities within larger

regions of gas. It is clear that the median separation is well above the resolution

limit in our maps. The NH3 peak separations translate to a physical fragmen-

tation length of 0.67 pc. The median size of a NH3 peak is 0.61 pc as shown in

Figure 3.10 (c). The sizes are determined using clumpfind2d on postage stamp
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Figure 3.10: (a) Histogram of the activity levels defined in Table 3.5. The num-

ber of active versus inactive sources is almost equal. (b) Histogram of the near-

est neighbor distances for NH3 peaks. The median distance between sources is

54′′which is about twice our beamsize. The filled histogram is the median size

of all The dashed line is the size of the GBT beam. (c) Histogram of the physi-

cal NH3 peak separations (black histogram) and NH3 beam deconvolved source

sizes (filled histogram). (d) In this plot, the activity levels are color coded and

NH3 (1,1) and (2,2) Tmb are plotted against each other. The diamonds are individ-

ual sources and the much larger circles represent the mean for that activity level.

The trend is the more active/evolved a source is the brighter the NH3 emission.
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Figure 3.11: (a) Histogram of of column density colored by activity level for the

source listed in Table 3.5.

(b) Histogram of of kinetic temperature colored by activity level for the source

listed in Table 3.5. The data in this histogram were restricted to have a 5-σ detec-

tion in NH3 (2,2).

(c) Histogram of linewidth colored by activity level for the source listed in Table

3.5.

(d) Histogram of the NH3 determined virial masses assuming Tk = Td and source

sizes equal to the beam deconvolved FWHM of the NH3 peaks.

images of each NH3 source (Williams et al. 1994). The postage stamps are 60′′

in radius with the NH3 source in the center. We take the FHWM determined by

clumpfind2d to be the radius of the source. From the size and the linewidth, we

also calculate the virial mass (M ∼ 1060M⊙×R(pc)× (∆v(kms−1))2 (Schlingman

et al. 2011). The median virial mass is 188 M⊙. The clumps traced by NH3 are

likely associated with small proto-clusters that fragment on smaller scales into

individual cores.

We plot Tmb for the NH3 (1,1) and (2,2) emission versus activity levels in Figure

3.10 (c). Here we can see that as a source shows more signs of activity the brighter

the NH3 emission becomes. This is very similar to the trend found in Battersby et

al. 2011 using Herschel data. The large circles represent the mean values for each

activity level. The correlation between activity and line strength is easy to see but

there is a lot of overlap in line strengths for the different activity levels. However,
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the source properties determined from the model fits (Figure 3.11), show that

there are no clear correlations with activity. The inactive sources tend to span

the entire range of values for each of the plotted physical properties. However,

the average values do show slight but not statistically significant differences. The

means of each activity level are listed in the individual figure panels. The means

or medians of each of these distributions are challenging to interpret given the

scatter and range of values within each activity level and source property. Figure

3.11 (a) shows a histogram of the NH3 column density. Inactive sources span the

entire range but do have a lower average than the most active sources. Kinetic

temperature, (b), shows a similar trend: the most active sources, level 5, show a

significant increase in temperature over the inactive sources. Lastly, comparing

linewidths, Figure 3.11 (c), we see the trend of marginally increasing linewidth

with activity level.

Of the 8 level 5 NH3 peaks, 6 of them are coincident with BGPS v1.0 peak lo-

cation. 5 of the 6 coincident peaks show NH3 (3,3) emission, and half show (4,4)

emission and a CH3OH maser. For those sources where we have additional in-

formation from pointed observations, we look at the average differences between

active and inactive sources, Table 3.4. Listed in the table are the locations of the

BGPS v1.0 peaks. The second column lists the NH3 peak that is associated with

the 1.1 mm peak by at least half of a GBT beam. We restrict this analysis to those

BGPS peaks that are coincident with a NH3 peak. We find that nearly every ac-

tive BGPS peak has at least one WISE mid-IR source associated and most have

shocked H2 emission also concident. Descriptions of the IR and shocked H2 ac-

tivity will be presented in Stringfellow et al. in prep. 7 out of 10 active sources

have H2O maser activity and 3 out of 10 show CH3OH maser emission. Each

CH3OH maser also has an H2O maser. We know that the number of sources for
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which we detect CH3OH masers is a lower limit. Class I methanol masers may

exist far away from the IR sources with which they are associated. 8 of 10 ac-

tive cores show well detected NH3 (3,3) emission and 3 of 12 show (4,4). While

NH3 (3,3) emission indicates very warm gas, the emitting region for higher tran-

sitions of NH3 is localized and the (3,3) emission does not come from the bulk

of the NH3 gas. It is very interesting to note that 3 sources show (4,4) detections

and are the same three sources that show CH3OH maser emission. This indi-

cates that the sources with class I methanol masers are more evolved and have

hot gas surrounding intermediate mass protostars. Nearly all the active clumps

have regions of hot gas, however, the kinetic temperature for the active sources

is indistinguishable from the inactive sources. This is primarily due to the NH3

(1,1) and (2,2) emission tracing the bulk of the gas and not the small pockets of

warm material that are associated with forming stars.

Observations of NH2D show differences between the active and inactive peak

positions as well. Deuterated ammonia is detected primarily around our active

sources with 6 out of 10 active sources detected and 1 in 3 inactive. While sta-

tistically inconclusive at this time, the increase in detection is likely due to the

deuteration happening on dust grains while the gas is cold (Shirley, private com-

munication). Once a clump becomes active and warms the gas, the deuterated

ammonia sublimates from the grains is thus more abundant in active clumps.

NH2D in active clumps has a higher column density on average than in the in-

active clumps. Following this trend in detection statistics, HC3N and HCS+ both

are more likely to be detected in active clumps. CCS is detected in 3 of 3 inactive

clumps but only 4 of 10 active clumps. CCS being an early time tracer, it follows

that the inactive clumps are less evolved overall.

Nearly all BGPS sources have active regions within their boundaries. The
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most active sources show up at the locations where the individual filaments cross.

One of the most active regions in the G111 filament is at the location where the

lower E-W filament meets the lower N-S filament. Another is where the mid-

dle E-W filament intersects the N-S filament. These areas are filled with mid-IR

sources, shocked H2 streamers and bubbles, small clusters of stars, etc. Few other

areas show any maser emission, indicating that the star formation at the inter-

sections of these filaments is more evolved. The G111 filament is not in an early

stage of evolution as an entire entity, even though over half of the NH3 peaks are

inactive. Significant star formation has already taken place, and the other half of

NH3 peaks show direct signs of star-forming activity.

3.5 Summary & Conclusions

In summary, we present K-band Focal Plane Array (KFPA) maps of ammonia in

the G111 Infrared Dark Cloud to the northeast of NGC 7538. Observing NH3 (1,1)

and (2,2) inversion transitions simultaneously on each of the KFPA’s 7 pixels, we

map out the filament at 30′′ resolution down to ∼ 30 mK rms. We also mapped the

region at 22 GHz for H2O masers. In addition to the mapping, a series of pointed

observations were performed to provide additional insight into the evolutionary

state of these clumps.

The G111 filament as a whole is physically connected with the subfilaments

that form its structure. The star formation process seems to be more evolved, or

at least more active, at the junctions of these filaments. The kinetic temperature

along the filament is relatively uniform ranging between 10-20 K with a median

value of 14.7 K with much of the gas being subthermally populated as well. The

majority of the G111 filament is very uniform in kinetic temperature, 15 K, even

though there are both quiescent and actively star-forming regions. This directly
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impacts the calculation of masses and column densities from dust continuum

maps (i.e. Herschel). Assuming Td = Tk, the difference between Tk of 10 K and

20 K at 500 µm is a factor of 5.2. Between the median temperature we find in this

work, 15 K, and 20 K, the difference is a factor of 1.8. We advocate Td = 15 K as

the standard assumption in intermediate mass star forming filaments.

The column density is similarly uniform and has values of a few times 1014

cm−2 over the filament. It is reasonably well correlated with the dust-determined

column densities. The relative abundance of NH3 / H2 is 10−7 – 10−8. The me-

dian NH3 1/e linewidth is 0.69 km s−1 which indicates the filament has sub-

stantial non-thermal support. The NH3 linewidth is also smaller than the HCO+

linewidth by a factor of 2. The NH3-derived properties for the G111 filament are

very similar to those derived for GEM OB1 which is at a ∼20% closer distance.

Within a single BGPS clump, the NH3 emission breaks up into 3-5 smaller

clumps with a fragmentation length of ∼ 0.67 pc and median sizes of 0.61 pc. The

median mass is 188 M⊙ giving a median surface density of 0.3 g cm−2, or median

volume density 3.4× 103 cm−3, nearly identical to those values in the BGPS spec-

troscopic follow-up survey (Schlingman et al. 2011). The median surface density

is much less than the 1.0 g cm−2 required for massive star formation (Krumholz &

McKee 2008), yet tracers of star formation indicate nearly half of the NH3 peaks

along the filament show some sign of active star formation. Clumps along the

G111 filament do not show significant differences in temperature, column den-

sity, or linewidth between active and inactive sources at 30′′ resolution.

The average kinetic temperature of a clump, determined from NH3 (1,1) and

(2,2), does not indicate activity but the presence of NH3 (3,3) does appear to indi-

cate star formation activity. NH3 (3,3) emission seems to correlate well with signs

of activity within the subset of NH3 peaks that are associated with the peak po-
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sitions from the BGPS v1.0 catalog. Similarly, the sources with hot gas, NH3 (4,4)

emission, show the most evolved activity tracers, having both types of masers

and strong outflows. This is similar to the trend found in Battersby et al. (2011),

where they find activity correlates with the dust temperature on small scales. We

can make the same assumption that as a clump evolves, the gas temperature near

the source of activity monotonically increases. The data from these peak posi-

tions supports this assumption, and it is very likely that at high resolution these

peaks will have regions of high activity and high temperature surrounded by

large reservoirs of cold gas.

To break up these clumps into individual star forming cores, higher resolu-

tion studies are needed. These studies will resolve the underlying temperature

structure and determine how the gas responds to small areas of cluster formation

and outflows, on scales smaller than the GBT beam. This substructure is already

evident from both the WISE and shocked H2 imaging. Interferometric observa-

tions with the Jansky VLA will likely reveal further substructure and probe the

core fragmentation scale within the G111 filament.
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CHAPTER 4

A CLASSICAL TEST THEORY ANALYSIS OF THE LIGHT AND SPECTROSCOPY

CONCEPT INVENTORY NATIONAL STUDY DATA SET

This chapter is a systematic investigation of the data from the recent national

study using the Light and Spectroscopy Concept Inventory (LSCI). We use classi-

cal test theory (CTT) to form a framework of results that will be used to evaluate

individual item difficulties, item discriminations, and the overall reliability of the

LSCI. We perform an analysis of individual students’ normalized gains, provid-

ing further insight into the prior results from this data set. This investigation

allows us to better understand the efficacy of measuring student achievement

using the LSCI.

4.1 Introduction

We perform a classical test theory (CTT) analysis on the matched data from the

national study of teaching and learning in introductory general education as-

tronomy using the Light and Spectroscopy Concept Inventory (LSCI; Prather

et al. 2009; Rudolph et al. 2010). The LSCI contains 26 conceptual multiple-

choice questions designed to probe the ideas and reasoning abilities of students

in college-level, general education, introductory astronomy courses (hereafter

Astro 101) over a commonly taught set of topics involving properties of light,

the Stefan-Boltzmann law, Wien’s law, Doppler shift, and spectroscopy (Bardar

et al. 2007). Nearly 4,000 participants from 69 classes at thirty-one 2-year and 4-

year institutions from across the United States comprise the LSCI national dataset

(Prather et al. 2009, Rudolph et al. 2010). In previous publications, we describe

how we used this national dataset to investigate the relationship between inter-
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active teaching and classes’ learning gains (Prather et al. 2009), and how inter-

active instruction and students’ ascribed (e.g. race) and achieved characteristics

(e.g. college grade point average) are related to student learning (Rudolph et

al. 2010). From the full dataset, we select the students with matched pre- and

post-instruction responses to all items on the LSCI (N = 1, 881 students) to bet-

ter understand how individual students’ understandings change as the result of

having taken an Astro 101 course.

For the matched dataset, we look at changes in individual students’ scores

and their individual normalized gains. We compare the ranges of scores and in-

dividual gains to the class averages previously reported (Prather et al. 2009). In

addition to the analysis of individual participants, we perform an item analysis

of the data on students’ responses to individual items on the LSCI. We compute

the item parameters from both the pre-instruction and post-instruction data sep-

arately to determine which concepts show the largest improvement in student

reasoning about light and which items may need to be revised. This analysis

adds to the research base on the efficacy of what the individual items comprising

the LSCI measure and the reliability of the LSCI instrument as a whole.

This chapter is organized as follows. Section 4.2 describes the parameters of

individual items (i.e., item difficulty and discrimination) and how they change

from pre- to post-instruction. Section 4.3 describes the reliability measurement of

the LSCI. Section 4.4 displays and discusses the wide range of possible student

gains and compares them to the class averages previously reported. Section 4.5

provides a final discussion of our findings and Section 4.6 contains the conclu-

sions from this work.
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4.2 LSCI Item Parameters

Classical test theory (CTT) provides a framework for measuring the item pa-

rameters and reliability of the LSCI. A CTT analysis allows us to compute the

item difficulties and discrimination values for each item on the LSCI. We define

item difficulty to be the fraction of students responding incorrectly to an item. It

ranges from 0.0 to 1.0, with larger values indicating more challenging, difficult

items. This is different from the oft-used P-value, which is defined as the fraction

of students selecting the correct response (Crocker and Algina 1986). P-values

are sometimes confusing to interpret as measures of items’ difficulties, since eas-

ier items have larger P-values. We use our definition of item difficulty for clarity,

in order to make harder items have larger difficulty values. The range of conven-

tionally accepted values for item difficulty is between 0.2 and 0.8 (Bardar et al.

2007). Item discrimination is defined by the value of the point biserial, which is

the correlation between students’ scores on an individual item and students’ total

scores on the LSCI as a whole (Lord and Novick 1968). An item’s discrimination

ranges from -1.0 to +1.0, with a value of zero meaning there is no correlation. A

negative point biserial indicates that a student’s success on the instrument is anti-

correlated with a correct response to the item (an indication of a problem with the

item). The greater the value of the item’s discrimination, the better an item is at

selecting high performing students from low performing students. Convention-

ally accepted values for item discrimination are typically between 0.3 and 0.7

(Bardar et al. 2007; Allen and Yen 1979).

Since all CTT statistics are highly sample dependent (Hambleton and Jones

1993; Thompson 2003), we expect the items’ difficulties and discriminations to be

different when they are calculated using only pre-instruction responses versus

when they are calculated using only post-instruction responses. Table 1 shows
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each item’s pre- and post-instruction difficulty and discrimination. As expected,

the overall values of item difficulty and discrimination change pre- to post-instruction.

We bolded item parameters in Table 4.1 that fall outside of the conventionally

accepted range of parameter values. Pre-instruction, all but 3 of the 26 items on

the LSCI are flagged, and all of these flagged items have difficulties greater than

0.80, discriminations less than 0.20, or both. These results make sense if we take

into account that the vast majority of students come to Astro 101 with little prior

explicit instruction on the nature of light and spectroscopy in the context of as-

tronomy, and have many commonly held na’́ive ideas and reasoning difficulties

that are elicited by the items on the LSCI (Bardar et al. 2007, Rudolph et al. 2010,

Deming and Hufnagel 2001). The high pre-test difficulty values of these items

illustrate that the items are hard for students to reason through. Additionally, the

low pre-test discrimination values indicate that these items challenge both high

and low scoring students equally. The LSCI is challenging for most Astro 101

students prior to instruction; however, as we shall see in Section 4.4, many As-

tro 101 students are able to correctly answer a majority of the items on the LSCI

pre-instruction.
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Table 4.1. The LSCI’s items’ difficulties and discriminations, calculated for both

pre-and post-instruction student responses. Bolded items are outside the

conventionally accepted parameter ranges for item difficulty and/or

discrimination.

LSCI Item Pre-Difficulty Pre-Discrimination Post-Difficulty Post-Discrimination

1 0.81 0.36 0.37 0.49

2 0.89 0.11 0.76 0.53

3 0.83 0.25 0.76 0.25

4 0.81 0.30 0.31 0.44

5 0.64 0.27 0.27 0.37

6 0.77 0.23 0.47 0.46

7 0.80 0.23 0.55 0.46

8 0.86 0.31 0.56 0.53

9 0.84 0.24 0.63 0.50

10 0.75 0.24 0.61 0.37

11 0.82 0.15 0.63 0.44

12 0.65 0.34 0.39 0.47

13 0.74 0.32 0.48 0.47

14 0.35 0.26 0.20 0.33

15 0.77 0.39 0.41 0.56

16 0.40 0.28 0.40 0.36

17 0.81 0.17 0.73 0.35

18 0.72 0.22 0.61 0.37

19 0.82 0.29 0.63 0.46

20 0.69 0.28 0.48 0.34

21 0.71 0.14 0.79 0.12

22 0.88 0.20 0.70 0.51

23 0.86 0.41 0.47 0.58

24 0.78 0.19 0.51 0.44

25 0.90 0.11 0.89 0.28
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Table 4.1—Continued

LSCI Item Pre-Difficulty Pre-Discrimination Post-Difficulty Post-Discrimination

26 0.75 0.15 0.70 0.27

The post-instruction item parameters show a significant change from those

determined from pre-instruction responses. The majority of items decrease in

difficulty and increase in discrimination. This makes sense. As students learn

to reason about light and spectroscopy, the LSCI’s items become easier and stu-

dents who do well on the LSCI overall are also more likely to answer correctly

on individual items. These patterns can be seen in Figure 4.1, which plots the

post-instruction difficulty values of the LSCI’s items as a function of their pre-

instruction difficulties, and in Figure 4.2, which plots the post-instruction dis-

crimination values of the LSCI’s items as a function of their pre-instruction dis-

criminations. Figure 4.3 combines the information in Figures 4.1 and 4.2 into

one graph by plotting, for each item, the differences between the post- and pre-

instruction discrimination values (which, for almost all items, is positive) versus

the differences between the post- and pre-instruction difficulty values (which,

for almost all items, is negative, indicating that items become easier pre- to post-

instruction). Figures 4.1-4.3 together show that the majority of items decrease in

difficulty and increase in their discriminatory abilities pre- to post-instruction.
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Figure 4.1: The pre-test difficulty and post-test difficulty for each item of the LSCI

are plotted along the horizontal and vertical axes respectively. Items that becomes

easier to answer after instruction will lie below the diagonal line.
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of the LSCI are plotted along the horizontal and vertical axes respectively. Items

that increase in discrimination after instruction will lie above the diagonal line.
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Figure 4.3: The difference in difficulty, post- minus pre-, for each item of the LSCI,

is plotted on the horizontal axis. Items that become easier post-instruction will be

farther to the left along the horizontal axis. The difference in discrimination, post-

minus pre-, for each item, is plotted on the vertical axis. Items with an increased

discrimination value post-instruction will be farther up the vertical axis. The

items showing improvement due to instruction are shown above the horizontal

line and to the left of the vertical line.

Nevertheless, a few items are flagged as having post-instruction parameters

outside of their conventionally accepted ranges of values. These flagged items are

Items 3, 14, 21, 25, and 26. Below we provide a brief discussion of each of these

items, and will provide a more detailed discussion of the particularly problematic

of these items in Section 4.5.

Items 3 and 26 are each flagged because of their somewhat low post-instruction

discrimination values. However, each item shows increased performance from

pre- to post-instruction, as they each decrease in difficulty and do not decrease

in discrimination. These results are illustrated in Figures 4.1-4.3. In addition,

Item 26 falls within the conventionally accepted range for difficulty both pre- and
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post-instruction and substantially increases in discrimination (falling very close

to the acceptable range for discrimination post-instruction). Because the over-

all performance of Item 26 is at or near the acceptable range for both difficulty

and discrimination post-instruction, we argue to keep Item 26 as is. Further, the

most common incorrect choice selected by students for this item, both pre- and

post-, elicits students’ inability to differentiate between the size of objects from

the total energy output and peak wavelength provided in an object’s light curve.

However, since the discrimination value of Item 3 remains constant, and below

the conventionally accepted range, pre- to post-instruction, it will be an item we

discuss in greater detail in Section 4.5.

Item 14 is flagged for having a low post-instruction difficulty (0.20, which

means 80% of students responded correctly). However, even though almost all

students respond correctly to this item, we find that the post-instruction discrim-

ination value (0.33) is actually quite good. Additionally, this item is well matched

to the pre-instruction knowledge and reasoning abilities of many Astro 101 stu-

dents with 65% of students responding correctly. For these reasons, we argue to

keep Item 14 as is.

Item 21 is the second most challenging item on the LSCI with a difficulty of

0.79 post-instruction. However, it is flagged because its discrimination value is

low both pre- and post-instruction (0.14 and 0.12, respectively). Item 21 also

stands out in Figures 4.1-4.3 since its difficulty increases and its discrimination

decreases pre- to post-instruction. The fact that fewer students responded cor-

rectly post-instruction compared to pre-instruction indicates that there might be

an underlying problem with the item. We will discuss this further in Section 4.5.

Item 25 is the most difficult item on the entire instrument both pre- and post-

instruction. Only approximately 10% of students respond correctly to this item.
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However, its discrimination value improves from 0.11 to 0.28 pre-to post-instruction.

This increase means the top performing students are correctly reasoning about

the concepts probed by Item 25 after instruction. We will further discuss this

item in Section 4.5.

4.3 LSCI Reliability

The final CTT parameter we calculate for the LSCI is a measure of the overall

reliability of the instrument itself: Cronbach’s α. Cronbach’s α provides a lower

limit on the internal consistency of observed responses. Cronbach’s α is given by

α =
N

N − 1

σ2
x −

∑N
i=1 σ

2
yi

σ2
x

(4.1)

where N is the total number of items on a test,σ2
x is the variance in the total scores

of the test-taking population, and
∑N

i=0 σ
2
yi

is the sum of the variances of the test-

taking population’s scores on individual items yi (Lord and Novick 1968). The

value of Cronbach’s α is close to one when the covariance among items are high,

and it is close to zero when the covariance among items are low. Convention-

ally, any value of α over 0.75 is considered good (George and Mallery 2003). The

Cronbach’s α for the LSCI pre-instruction is α = 0.37. This value is low because

Cronbach’s α is sensitive to the homogeneity of the test-taking population, and

pre-instruction, as a population, Astro 101 students have many of the same näive

ideas and reasoning difficulties related to the ideas probed by the LSCI (Thomp-

son 2003). The Cronbach’s α for the LSCI post-instruction is α = 0.78. This high

value of Cronbach’s α post-instruction provides strong evidence for the reliability

of the LSCI. To check for any variations in consistency, we computed α 26 addi-

tional times for a ”25 item LSCI,” each time removing one of the items from the

actual LSCI. We find very little variation in the 26 recomputed values of α for the



224

”25 item LSCIs” (the standard deviation of these αs is 0.004), providing further

evidence that the items on the LSCI are internally consistent.

4.4 Student Gains on the LSCI

The analysis provided above, along with our prior work investigating changes in

the averaged normalized gains achieved by different classrooms across the coun-

try (Prather et al. 2009), provide significant evidence that the LSCI can effectively

measure changes in students’ conceptual knowledge of light and their abilities to

reason about such topics. We now look at the pre- versus post-instruction gains

of individual students from our national dataset.

From the prior analysis of overall class performance using the national LSCI

data set, we found that all 69 different classes had average pre-test scores of ap-

proximately 25% (24±2%). This score is the score one might expect a class would

earn if all students in the class were simply guessing on all the items (assum-

ing all items are multiple-choice questions with four answer choices). The actual

guessing score computed for the items of the LSCI is 23%. We computed this

guessing score by averaging the probabilities of guessing the correct answers on

each of the LSCI’s items. From the matched dataset analyzed in this section, we

demonstrate that, in-fact, the 25% pre-test score of classes is not due to all stu-

dents simply guessing.

Figure 4.4 shows the post-test versus pre-test scores (out of 26) for individual

students’ responses. The different shades of blue indicate the total number of stu-

dents who have the scores corresponding with each data point. From Figure 4.4,

we see that the pre-test scores for individual students range from 0 (students re-

sponding incorrectly to every item), to around 20 (students responding correctly

to 80% of the items). Pre-test, we find that a significant number of students (43%)
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outperform the class average pre-test score of 25%, and a full 60% perform bet-

ter than or equal to the true LSCI guessing score of 23%. In addition it is worth

noting that only approximately one-third of the LSCI’s items have a nearly equal

distribution of responses across all answer choices for that item (consistent with

guessing). In contrast, the majority of items have one or two answer choices that

dominate the distribution of answer choices selected by students. This suggests

that students either know the correct answer or have na’́ive ideas and reasoning

difficulties that are well matched to the concepts probed by the items of the LSCI.

The black line in Figure 4.4 identifies the location of equal pre- and post-test

scores. 82% of students lie above this line, illustrating that the vast majority of

students across the nation are performing better after instruction. To further de-

scribe students’ performance, in comparison to class performance, we will now

analyze the normalized gain score for each student. Figure 4.5 shows the range of

students’ normalized gain scores versus pre-test scores for the matched-data set.

As expected, while we do see some cases where students are performing worse

after instruction and have negative gains, the overwhelming majority of students

improve as the result of instruction. While the range in normalized gain scores

for classes (−0.07 < < g > < 0.5) helped us understand the difference in perfor-

mance between classes in our national study, there is clearly a much wider range

of normalized gain scores achieved by individual students. This is a powerful

indication that some students clearly outperform their class average regardless

of the instructor, class-size, type of institution, or their pretest score. In fact, one-

fifth of students outperform the highest-class normalized gain of < g > = 0.5,

with over 120 students even making it into the ”high” normalized gain region

< g > ≥ 0.7 (Hake 1998).
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4.5 Discussion

We return to the discussion of the three specifically problematic items from Sec-

tion 4.2. – Items 3, 21, and 25. Each item was originally flagged due to hav-

ing post-instruction difficulty and discrimination values outside of the conven-

tionally accepted ranges. Each of these items targets a particular known stu-

dent na’́ive idea or reasoning difficulty and is therefore potentially valuable to

the LSCI regardless of being flagged for low performance post-instruction. It is

worth noting, as stated earlier, that the reliability of the LSCI, as measured by

Cronbach’s α, is essentially unaffected by removing any one of these questions.

We flagged Item 3 because of its low post-instruction discrimination value of

0.25. While the difficulty of the item goes down after instruction, the discrimina-

tion does not change from pre- to post-instruction. Only Items 3 and 21 do not

show improvement in their discrimination after instruction. Figure 4.6 shows

Item 3. After instruction, only 24% of students are selecting Star Y, the object

with the longest peak wavelength. Nearly 40% of students provide an answer

consistent with the reasoning that the object giving off the least amount of energy

will be coolest independent of the wavelength of the object’s peak energy output

(Star Z). This reasoning is consistent with a student who allocates a proportional-

ity mental resource (often referred to as ”Ohm’s Primitive”; diSessa 1983, diSessa

2000) to answer the question; ”more energy given off means a greater tempera-

ture.” It’s important to note that this is exactly the reasoning difficulty this ques-

tion was designed to elicit. Since this item targets a known reasoning difficulty

and continues to offer an enticing distracter even for those students that perform

well on the LSCI as a whole, we advocate that it remain in the item bank of the

LSCI. There are intentional similarities in the information presented and task of-

fered to students between Item 3 and Item 24. In both cases students are provided
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with information about total energy output and peak wavelength of objects, and

asked to reason about comparisons in temperature. However in one case (Item

24) the information is provided in the more familiar graphical representation that

is common to traditional classroom instruction on this topic. It is interesting how

much better Item 24 performs in comparison to Item 3, especially in terms of

item discrimination. Because Item 3 has an unchanging discrimination from pre-

to post- we think it should be studied for future revision. However, this item may

simply be indicating a challenge to how we traditionally go about teaching this

set of ideas.

 

3.  Consider the 3 stars described below.   

• Star X gives off the same amount of energy as the Sun and gives off most of its energy  

at a wavelength of 400 nm.   

• Star Y gives off more energy than the Sun and gives off most of its energy  

at a wavelength of 800 nm.  

• Star Z gives off less energy than the Sun and gives off most of its energy  

at a wavelength of 600 nm.   

 

Which star is the coolest? 

a. Star X. 

b. Star Y. 

c. Star Z. 

d.   The relative temperatures of these stars cannot be determined from this information. 

 

Figure 4.6: Item 3 from the LSCI.

Item 21 was flagged for its very low post-instruction discrimination value of

0.12. Item 21 is shown in Figure 4.7. Post-instruction, 75% students choose either

option ’a’ or option ’c’ indicating they know the object must be hot. However,

55% of students incorrectly select option ’a’ on the post-test, suggesting that they

do not understand whether the object should be ”dense” or ”diffuse.” Because of

the very low discrimination value for this question it is clear that students strug-

gle to correctly connect the words ”dense” and ”diffuse” with the processes that

create emission spectra. During the original design and validity testing of the
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LSCI, professors consistently chose the correct response for this question (Bardar

et al. 2007). However, the low post-instruction discrimination of this item sug-

gests that the vocabulary used in the response choices of this item may be causing

unnecessary confusion for students and so we recommend this item be studied

for revision in the future.

 

21.  If the light coming from a distant object produces a bright line emission spectrum, what kind 

of object is it? 

 a.   Hot and dense. 

 b.   Cool and dense. 

 c.   Hot and diffuse.  

 d.   Cool and diffuse. 

 

Figure 4.7: Item 21 from the LSCI.

The last item we will discuss is Item 25, shown in Figure 4.8. This item was

flagged primarily for its high post-instruction difficulty (0.89). Only 11% of stu-

dents are able to answer the item correctly after instruction, which is essentially

the same as we saw from the pre-test. This is the most difficult item on the in-

strument and is known to challenge even professional astronomers. The post-

instruction discrimination value for this item is very near 0.3, indicating that the

highest achieving students do tend to get this question right. 51% of the 120 stu-

dents with normalized gain scores greater than or equal to 0.7, considered ”high”

scores (Hake 1998), answer this question correctly. Approximately 45% of stu-

dents post-instruction choose the object with the curve that is the same height

as Object D. These students are using ’energy output’, or ’height on a graph,’ to

define the size of an object. This item was specifically designed to elicit this well-

known reasoning difficulty commonly held by this population. It is important

to have items that are challenging even for the highest achieving students; we

believe that Item 25 is just such an item and should be kept as is.
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25.  Which, if any, of the objects could be approximately the same size as object D? 

a. Object A. 

b. Object B. 

c. Object C. 

d. They could all be the same size. 

e. None of the above. 
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Figure 4.8: Item 25 from the LSCI.

4.6 Conclusions

Overall, this CTT analysis has shown that the LSCI is challenging for students

pre-instruction, and that it is well-matched to the understandings of these stu-

dents after instruction. The items of the LSCI are well matched to assess students’

conceptual and reasoning abilities over a commonly taught set of topics involv-

ing properties of light, the Stefan-Boltzmann law, Wien’s law, the Doppler shift,

and spectroscopy.

From this CTT analysis we have shown that the difficulty of items on the LSCI

decreases and the discrimination of items increases from pre- to post- instruc-

tion, with only a few exceptions. Furthermore, we have shown that the reliability
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of the LSCI, as measured by Cronbach’s α, is well above the conventionally ac-

cepted values. These CTT results show that the LSCI is very capable of measuring

changes in student’s understanding resulting from a course in introductory as-

tronomy. Further, we have shown that the class averaged normalized gain scores

reported in the previous study were hiding the incredible range of performance

of individual students both pre- and post-instruction. We were surprised to find

that there were so many students getting between 50% and 80% of the items cor-

rect pre-instruction, and even more surprised to discover that so many students

achieved normalized gains above 0.7. The CTT analysis of the individual items

has shown that most of the items of the LSCI are measuring a wide range of stu-

dents’ conceptual understandings.

This CTT analysis has provided new insights into the performance of indi-

vidual items of the LSCI and the performances of individual students who par-

ticipated in our study. This allows us to better determine the effectiveness of

the LSCI as an introductory astronomy concept inventory and as a tool for mea-

suring changes in a students’ understandings. However, this analysis is still de-

pendent on the scores of the specific students who took the LSCI pre- and post-

instruction. Our continued work on this data set uses an Item Response Theory

analysis which allows us to characterize the item parameters independent of the

population, and characterize the inherent reasoning abilities of students indepen-

dent of their score on the LSCI (Wallace and Bailey 2010).
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CHAPTER 5

SUMMARY AND FUTURE STUDY

We now summarize the key results of the previous chapters, their relationship to

other work, and outline some directions for future progress.

For our first survey we used the 10m Heinrich Hertz Telescope to perform

spectroscopic follow-up observations of 1882 sources in the Bolocam Galactic

Plane Survey. We simultaneously observed HCO+ J = 3− 2 and N2H
+ J = 3− 2

emission using the dual-polarization, sideband-separating ALMA prototype re-

ceiver. Out of the 1882 observed sources, we detect ∼ 77% of the sources in HCO+

and over 50% in N2H+. Multiple velocity components along the line-of-sight to

BGPS clumps in these dense molecular gas tracers are rare. Our detection statis-

tics are somewhat biased toward more detections because this sample includes

all of the intrinsically brightest sources.

We find a strong correlation between peak temperature and integrated inten-

sity of each dense gas tracer with each other and with the 1.1 mm dust flux. The

median ratio of HCO+ integrated intensity to 1.1 mm flux is 5.42 K km s−1 per

Jy/beam . We find that HCO+ is brighter than N2H
+ for the vast majority of

sources, with a subset of only 117 sources (12.6% of sources singly detected in

N2H
+ ) where N2H

+ is the brighter of the two dense gas tracers. The ratio of

the peak line temperature and integrated intensity of the two molecules does not

correlate well with 1.1 mm dust emission.

The observed vLSR appear to follow the same distribution with Galactic lon-

gitude as 12CO J = 1− 0 emission observed by Dame et al. (2001). We determine

the linewidths from a best-fit Gaussian model and find little change, on average,

with Galactic longitude. The median linewidth is 2.98 km s−1, indicating that
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BGPS clumps are dominated by supersonic turbulence. Linewidths only mod-

estly correlate with 1.1 mm flux.

Computing kinematic distances for all detected sources we were able to break

the distance ambiguity for 529 of our detections in the first and second quad-

rants using IRDC coincidence, VLBA-determined parallax source coincidence, or

proximity to the tangent velocity or known kinematic structures. Using the set of

sources of known distance, we compute the radius, mass, and average density of

the sources. We find the median source size to be 0.752 pc at a median distance of

2.65 kpc, typically larger than source sizes observed in published surveys of high-

mass star-forming clumps and cores. Comparing linewidth to the physical size of

the source, we do not find any compelling evidence for a size-linewidth relation

in our data. We find our sources lie above the relationships found by Caselli and

Myers (1995) but the lack of a significant correlation indicates a breakdown in the

supersonic turbulence scaling relationship thought to be responsible for Larson’s

”law” (Larson 1981).

For an assumed dust temperature of 20K we find a median mass of ∼ 300 M⊙,

a low median volume-averaged number density of 2.4× 103 cm−3, and a median

mass surface density of 0.03 g cm−2. The similarity of the median mass surface

density between the full sample and the Known Distance Sample indicates that

the sources in the Known Distance Sample are characteristic of the Full Sample.

Compared to published surveys of high mass star formation, BGPS clumps tend

to be larger and less dense on average. We also analyzed the variation in median

mass and volume density using a Monte Carlo simulation of cores with various

dust temperature distributions. From the differential clump mass histogram, we

find a power-law slope (dN/dlogM) that is intermediate between the slope de-

rived for diffuse CO clumps and the stellar IMF. Finally, a comparison of the virial
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linewidth to the observed linewidth indicates that many of the BGPS clumps in

this survey have motions consistent with not being gravitationally bound.

The the majority of the BGPS catalog has already been observed (Shirley et

al. in prep) and dense gas properties for nearly 6000 objects will be available for

study. Observations for all sources with ℓ ≥ 10◦ in the dense molecular gas tracers

HCO+ and N2H+ we used in the initial spectroscopic follow-up study. This is

be the largest systematic survey of dense molecular gas in the Milky Way. The

velocity information is being used to determine distance probability functions in

attempt to break the distance ambiguity for nearly all 6000 objects (Ellsworth-

Bowers et al. in prep.). Future work following up this survey will be to compare

clump properties to WISE data and determine clump activity versus some of the

dense gas properties and physical properties. There is already subsets within the

initial dataset such as very cold clumps that would be ideal for mapping with

NH3 to determine their temperatures and look for any substructure indicating

active collapse. Other clumps show line wings indicative of outflows, and star

formation activity that would be interesting to compare statistically.

Next, we observed the IRDC filament G111.8 to the northwest of NGC 7538.

Observing NH3 (1,1) and (2,2) inversion transitions simultaneously on each of

the KFPA’s 7 pixels, we map out the filament at 30′′ resolution down to ∼ 30 mK

rms. We also mapped the region at 22 GHz for H2O masers. In addition to the

mapping, a series of pointed observations were performed to provide additional

insight into the evolutionary state of these clumps.

The G111 filament as a whole is physically connected with the subfilaments

that form its structure. The star formation process seems to be more active, at

the junctions of these filaments. The kinetic temperature along the filament is

relatively uniform ranging between 10-20 K with a median value of 14.7 K with
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much of the gas being subthermally populated as well. The majority of the G111

filament is very uniform in kinetic temperature, 15 K, even though there are both

quiescent and actively star-forming regions. This directly impacts the calculation

of masses and column densities from dust continuum maps (i.e. Herschel). As-

suming Td = Tk, the difference between Tk of 10 K and 20 K at 500 µm is a factor

of 5.2. Between the median temperature we find in this work, 15 K, and 20 K, the

difference is a factor of 1.8. We advocate Td = 15 K as the standard assumption in

intermediate mass star forming filaments.

The column density is similarly uniform and has values of a few times 1014

cm−2 over the filament. It is reasonably well correlated with the dust-determined

column densities. The relative abundance of NH3 / H2 is 10−7 – 10−8. The me-

dian NH3 1/e linewidth is 0.69 km s−1 which indicates the filament has sub-

stantial non-thermal support. The NH3 linewidth is also smaller than the HCO+

linewidth by a factor of 2. The NH3-derived properties for the G111 filament are

very similar to those derived for GEM OB1 which is at a ∼20% closer distance.

Within a single BGPS clump, the NH3 emission breaks up into 3-5 smaller

clumps with a fragmentation length of ∼ 0.67 pc and median sizes of 0.61 pc. The

median mass is 188 M⊙ giving a median surface density of 0.3 g cm−2, or median

volume density 3.4× 103 cm−3, nearly identical to those values in the BGPS spec-

troscopic follow-up survey (Schlingman et al. 2011). The median surface density

is much less than the 1.0 g cm−2 required for massive star formation (Krumholz &

McKee 2008), yet tracers of star formation indicate nearly half of the NH3 peaks

along the filament show some sign of active star formation. The low surface den-

sity is a result of averaging over modest spatial scales of a few 0.1 of a parsec and

clearly imply denser substructure within each clump. Clumps along the G111

filament do not show significant differences in temperature, column density, or
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linewidth between active and inactive sources at 30′′ resolution.

The average kinetic temperature of a clump, determined from NH3 (1,1) and

(2,2), does not indicate activity but the presence of NH3 (3,3) does appear to indi-

cate star formation activity. NH3 (3,3) emission seems to correlate well with signs

of activity within the subset of NH3 peaks that are associated with the peak po-

sitions from the BGPS v1.0 catalog. Similarly, the sources with hot gas, NH3 (4,4)

emission, show the most evolved activity tracers, having both types of masers

and strong outflows. This is similar to the trend found in Battersby et al. (2011),

where they find activity correlates with the dust temperature on small scales. We

can make the same assumption that as a clump evolves, the gas temperature near

the source of activity monotonically increases. The data from these peak posi-

tions supports this assumption, and it is very likely that at high resolution these

peaks will have regions of high activity and high temperature surrounded by

large reservoirs of cold gas.

To break up these clumps into individual star forming cores, higher resolu-

tion studies are needed. These studies will resolve the underlying temperature

structure and determine how the gas responds to small areas of cluster formation

and outflows, on scales smaller than the GBT beam. This substructure is already

evident from both the WISE and shocked H2 imaging. Interferometric observa-

tions with the Jansky Very Large Array will likely reveal further substructure and

probe the core fragmentation scale within the G111 filament. Mapping in NH3

(1,1), (2,2), (3,3), and (4,4), we would resolve the individual hot cores and study

their spatial distribution within a BGPS clump and a GBT NH3 clump. Mapping

this filament for class I and class II CH3OH masers, 44 GHz and 6.7 GHz respec-

tively, will help us characterize additional indicators of massive star formation in

an unbiased manner. With outflow masses from the CO outflows (Ginsburg et al.
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in prep), the morphological study of shocked H2, and the dust temperatures de-

rived from Herschel far-IR maps, we will be able to provide a clear and coherent

picture of the star formation occurring along this filament.

Last but not least, our CTT analysis has provided new insights into the per-

formance of individual items of the LSCI and the performances of individual

students who participated in our study. This allows us to better determine the

effectiveness of the LSCI as an introductory astronomy concept inventory and

as a tool for measuring changes in a students’ understandings. However, this

analysis is still dependent on the scores of the specific students who took the

LSCI pre- and post-instruction. Our continued work on this data set uses an Item

Response Theory analysis which allows us to characterize the item parameters

independent of the population, and characterize the inherent reasoning abilities

of students independent of their score on the LSCI (Wallace and Bailey 2010).

In addition to the IRT analysis, studying student response patterns within the

IRT framework will continue to inform what items on the LSCI are the most effec-

tive. We listed 3 possible item changes for the LSCI from our work with CTT and

preliminary results from the IRT analysis show that the majority of LSCI items

are good items but a few of them are very challenging. Researching what makes

these items so challenging and how to improve our teaching in these areas is

an interesting topic of study. In addition, adding items to the LSCI to develop a

modularized concept inventory where an instructor selects topic domains that are

emphasized in their course will improve the LSCI’s ability to measure learning

gains and increase its use by instructors. Ideally, we would like to see this re-

search help instructors with their choice to properly implement research-proven

instructional strategies and use proven assessment strategies to document the

learning taking place in their classrooms.
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APPENDIX A

THE RELATIONSHIP BETWEEN σT AND σI FOR A GAUSSIAN LINE PROFILE

In this appendix, we derive the relationship between σT and σI for a Gaussian

line profile.

Assume that the spectral line is well described by a Gaussian function:

T (v) = Tpk · e(−4 ln(2)·v2/∆v2FWHM) (A.1)

Where Tpk is the peak line temperature and ∆vFWHM is the FWHM linewidth.

The integrated intensity of this line is thus defined by the integral of temperature

with velocity over the line window.

∫

T (v) dv = Tpk ·∆vFWHM ·
√

π

4 ln(2)
(A.2)

We may then ask the question, if we have a non-detection in integrated intensity,

then how many σT (baseline rms) correspond to 3σI? Let’s rewrite Tpk for the

undetected Gaussian line as:

Tpk = N · σT (A.3)

The standard formula for the uncertainty of the integrated intensity as given by

σI = σT ·
√

∆vch ·∆vint (A.4)

where ∆vch is the velocity resolution of each channel in the spectrum, and ∆vint

is the velocity interval integrated over which encompasses the entire line, the line

window. We choose a line window that integrates over 99% of the area in the line

which is 2 times the 3σ velocity width of the Gaussian line. The 1
e

velocity width

is related to the FWHM by:

v(
1

e
) =

∆vFWHM
√

4 ln(2)
(A.5)
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Thus 2 · 3σv (the full width of the line, in both directions) is:

∆vint = 6 ·∆vFWHM ·
√

4 ln(2) (A.6)

Therefore, the ratio of I to σI is

I

σI

=









N · σT ·∆vFWHM

√

π
4 ln(2)

σT ·
√
∆vch ·

√

6·∆vFWHM√
4 ln(2)









(A.7)

Setting the ratio I
σI

equal to 3 and solving for N gives

N = 6 ·

√

3 ·
√

ln(2)

π
·
√

∆vch
∆vFWHM

(A.8)

which is approximately

N ∼ 4.88 ·
√

∆vch
∆vFWHM

(A.9)

For example, if we have a barely resolved line with ∆vch = 1 and ∆vFWHM = 1,

a 4.88σ detection in temperature of a Gaussian line would be a 3σ detection in

integrated intensity.
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