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ABSTRACT

The H2O Southern Galactic Plane Survey (HOPS) has mapped 100 square degrees of
the Galactic plane for water masers and thermal molecular line emission using the 22-m Mo-
pra telescope. We describe the automated spectral-line fitting pipelines used to determine the
properties of emission detected in HOPS datacubes, and use these to derive the physical and
kinematic properties of gas in the survey. A combination of the angular resolution, sensitiv-
ity, velocity resolution and high critical density of lines targeted make the HOPS data cubes
ideally suited to finding precursor clouds to the most massive and dense stellar clusters in
the Galaxy. We compile a list of the most massive HOPS ammonia regions and investigate
whether any may be young massive cluster progenitor gas clouds. HOPS is also ideally suited
to trace the flows of dense gas in the Galactic Centre. We find the kinematic structure of gas
within the inner 500pc of the Galaxy is consistent with recent predictions for the dynamical
evolution of gas flows in the centre of the Milky Way. We confirm a recent finding that the
dense gas in the inner 100pc has an oscillatory kinematic structure with characteristic length
scale of 20pc, and also identify similar oscillatory kinematic structure in the gas at radii larger
than 100pc. Finally, we make all of the above fits and the remaining HOPS data cubes across
the 100 square degrees of the survey available to the community.

Key words: stars:formation, ISM:evolution, radio lines:ISM, line:profiles, masers,
stars:formation
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1 INTRODUCTION

The majority of stars in the Universe form in the highest density

regions of giant molecular clouds. Finding and characterising the

properties of this dense gas as a function of environment is a pri-
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mary goal for star formation studies and has been the focus of

many recent observational surveys (see the review by Molinari et al.

2014).

Among these surveys, the H2O Southern Galactic Plane

Survey (HOPS) is unique. It is the only blind, large-area, spec-

tral line survey of the Galaxy combining molecular line transitions

probing gas with a higher volume density than CO-bright gas, with

water maser emission – a well-known tracer of star formation ac-

tivity. The HOPS spectral line sensitivity of 0.2 K per 0.4 kms−1

channel corresponds to 5σ molecular cloud mass completeness

limits of 400, 5000, and 3×104 M⊙ for clouds at distances of

3.2 kpc, 8.5 kpc (Galactic Centre distance) and 18 kpc (far side of

the Galaxy) (Purcell et al. 2012). HOPS is therefore less sensitive

to low column density gas or lower mass star formation regions

outside the solar neighbourhood than mm-continuum surveys with

comparable survey area. However, the 2′ angular resolution, sen-

sitivity and high critical density of lines targeted make the HOPS

data cubes ideally suited to finding gas clouds with radii of several

pc, masses greater than several thousand M⊙ and average number

densities of >103−4 cm−3 throughout the Galaxy. These are ex-

actly the properties predicted for gas clouds expected to form the

most massive and dense stellar clusters in the disc of the Galaxy,

and the gas clouds within the inner few hundred pc of the Galactic

Centre.

The additional kinematic information of the HOPS data con-

fers several additional advantages over continuum-only surveys. As

well as making it trivial to identify sources with spuriously high

column density due to confusion from multiple physically-distinct

clouds along the line of sight, it becomes possible to investigate the

dynamical structure of the massive and dense gas clouds detected

in the survey.

In this paper we seek to unlock this kinematic dimension and

derive the physical and kinematic properties of the HOPS sources.

In § 2 we first describe the automated spectral-line fitting rou-

tines that were developed in order to do this, and then apply the

pipelines on the HOPS ammonia (NH3) data cubes. In § 3 we use

the NH3 (1,1) and NH3 (2,2) fit results to derive the characteristic

dense molecular gas properties for the HOPS dense molecular gas

clouds detected in the disk of the Galaxy. We then use these fits

to identify a sample of clouds that may be precursors to the next

generation of the most massive and dense clusters in the Galaxy. In

§ 5 we use the fits to the NH3 (1,1), (2,2), (3,3) and (6,6) data cubes

to investigate the kinematics of dense gas in the inner few hundred

pc of the Galaxy and compare to recent theoretical predictions. Fi-

nally, in the Appendix we make the remaining HOPS data cubes

available to the community through the HOPS website.

2 SPECTRAL-LINE FITTING OF HOPS DATACUBES

HOPS is a survey with the Mopra radio telescope designed to si-

multaneously map spectral-line emission along the Southern Galac-

tic plane across the 12-mm band (frequencies of 18.5 to 27.5 GHz).

HOPS has mapped 100 square degrees of the Galactic plane, from

l = 290◦ to l = 30◦ and |b| 6 0.5◦ (Walsh et al. 2008), aim-

ing to provide an untargeted census of 22.235 GHz H2O (616−523)

masers and thermal line emission towards the inner Galaxy.

The survey properties, observing parameters, data reduction

and H2O maser catalogue are described in Walsh et al. (2011, here-

after Paper I). The general methodology used to find spectral-line

emission in HOPS datacubes and its specific application to ammo-

nia [NH3] (J,K) = (1,1) and (2,2) data are described in Purcell et al.

(2012, hereafter Paper II). The accurate water maser positions are

published in Walsh et al. (2014). Below we describe the automated

spectral-line fitting routines and apply them to the NH3 (1,1) and

NH3 (2,2) data cubes.

With a large survey area (100 deg2) and a wide (8 GHz) band-

width including many bright transitions, HOPS detected a large

number of spectral line emission regions. The properties of the

emission varies widely, containing transitions with resolved hy-

perfine structure, line widths ranging from marginally resolved

(<1 kms−1) to several tens of kms−1 (e.g. pressure-broadened ra-

dio recombination lines and molecular lines towards the Galactic

Centre) and regions with emission from multiple velocity compo-

nents. To handle these data, an automated emission finding pipeline

and spectral-line fitting pipeline were developed. The emission

finding pipeline, described in Paper II, searched the full dataset,

identified regions with emission and extracted sub-cubes that en-

compass the spatial and velocity extent of the emission, taking into

account hyperfine structure where applicable. The output from the

emission finding pipeline was then fed into the spectral-line fitting

pipeline.

The NH3 (1,1) and NH3 (2,2) transitions were chosen to test

the automated fitting pipeline for several reasons. Firstly, a large

number of sources were detected in both transitions with a large

range in brightness temperature and linewidth. This allowed the

robustness of the fitting routines to be tested over a wide range

of parameter space. Secondly, the NH3 (1,1) hyperfine structure is

easily-detectable and the main/inner satellites can be spectrally re-

solved for sources with narrow line widths (i.e. less than a few

kms−1). At the same time the main/inner satellites are sufficiently

close in frequency that they overlap in velocity for sources with

large linewidth (> 5 kms−1). These properties make NH3 (1,1)

emission ideal to test how the pipeline deals with simultaneously

fitting multiple lines and line-blending. Conversely, the NH3 (2,2)

satellite lines are much weaker and offset in velocity from the main

line making a single Gaussian component fit a good approxima-

tion. Thirdly, the emission from the NH3 (1,1) and (2,2) transitions

is expected to come from very similar gas, so the line centre ve-

locity (VLSR) and line width (∆V) from the same source should

be similar for the two transitions, allowing further checks on the

robustness of the fitting results. Finally, these lines are well known

as robust probes of the physical conditions (especially the tempera-

ture) in dense molecular gas (e.g. Ho & Townes 1983). In this way,

at the same time as testing the automated spectral line fitting rou-

tines, we can identify and determine the broad physical properties

of regions in the Galaxy where the earliest stages of high mass star

formation are taking place.

The first step in the automated fitting process was to remove

sources flagged in Paper II as potentially spurious. These included

artefacts at the extreme ends of the spectral bandpass caused by the

baseline fitting (flag labels ‘vpF’ and ‘vmF’ in Paper II) and those

identified by eye as spurious (flag label ‘artifactF’ in Paper II). For

the purposes of testing the spectral-line fitting pipelines, we also

removed sources identified with more than one velocity component

along the line of sight (flag label ‘multiF’ in Paper II). This left 653

emission regions.

A large number of these regions exhibit asymmetric intensity

profiles in the NH3 (1,1) hyperfine structure. For these sources, the

usual assumption of equal excitation temperature for all the hyper-

fine levels does not hold, potentially leading to errors in the derived

optical depth and other gas properties (e.g. temperature and column

density). To ensure this did not affect the fit results, two versions

of the pipeline were written: one making the standard ‘equal ex-
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citation’ assumption (§ 2.2), and the other where the intensity of

the NH3 (1,1) outer/inner satellite lines were left as free parameters

(§ 2.1). To further check the fitting robustness over the large range

in expected line profile shapes, signal-to-noise etc, the two versions

of the pipeline were written using independent software packages.

The two versions of the pipeline are described in detail below.

2.1 Spectral-line fitting of NH3 (1,1) and (2,2) emission with

Sherpa

The first of the spectral-line fitting pipelines is based on SHERPA
1

routines. The input to the spectral-fitting pipeline are the emission

sub-cubes from the source-finding pipeline described in Paper II.

This source-finding pipeline also provides masks identifying which

pixels in the sub-cubes contain real emission. The spectral-line fit-

ting pipeline then fits Gaussian profiles (with multiple components

for transitions with hyperfine structure) to the velocity axis of each

of these pixels, determines the robustness of each fit, and, for re-

gions with at least one good fit, derives characteristic gas properties

for the pixel with peak emission. For regions with enough good-fit

pixels (see § 3), the pipeline produces maps of the fit results.

This version of the fitting pipeline does not assume equal ex-

citation temperatures for the NH3 (1,1) hyperfine components. In-

stead, the NH3 (1,1) emission was fit with five Gaussian compo-

nents – one for each of the F1 = 1 → 0 and F1 = 0 → 1
outer satellite components, F1 = 1 → 2 and F1 = 2 → 1 inner

satellite components and the F1 → F1 main component. In the fit-

ting process, these were all fixed to have the same line width, with

velocity separations given by their predicted frequency offsets (Ry-

dbeck et al. 1977). χ2 minimization was used to find the best-fit

to the following free parameters: (1) the VLSR of the F1 → F1

main-line component, (2) a single line width for the 5 Gaussian

components and (3) the intensity of each of the five Gaussian com-

ponents. The NH3 (2,2) emission was fit in a similar way to the

NH3 (1,1) emission but only using a single Gaussian component as

the NH3 (2,2) outer/inner satellite lines are much weaker and typ-

ically not detected. In all cases the initial guess for the VLSR was

taken from the velocity of peak NH3 (1,1) emission identified by

the source-finding algorithm in Paper II. If the fit converged, it re-

turned the best-fit peak intensity (Tpeak) for each Gaussian compo-

nent, the linewidth (∆V), emission velocity (VLSR) and the resid-

uals (the r.m.s. variation in the spectra with the best-fit Gaussian

component(s) subtracted).

Several quality control steps were then implemented. Firstly, a

non-detection was defined where one or more of the following was

true: i) the fit did not converge, ii) Tpeak < 5σ, where σ was cal-

culated as the RMS in the residuals of those pixels which could be

robustly fit, iii) ∆V<0.05kms−1 (i.e. linewidths smaller than the

channel width), iv) ∆V>10kms−1. Criteria iv) was important for

discarding spurious fits across most of the survey area and high-

lighting sources for which the NH3 (1,1) satellite and main compo-

nents can no longer be spectrally resolved (limiting the ability to

derive robust opacities). This also had the effect of flagging emis-

sion from clouds close to the Galactic centre where the linewidth

is generally > 10 kms−1. However, the complicated velocity struc-

ture and extreme gas excitation conditions mean a full analysis of

this emission is beyond the scope of this pipeline. These data are

1 Part of the CIAO 4.1 package (Freeman et al. 2001; Refsdal et al. 2007):

http://cxc.harvard.edu/sherpa/

discussed in § 2.3, and have been analysed in more detail elsewhere

(Longmore et al. 2013).

Spatial pixels which passed criteria i) to iv) were defined to

have reliable fits. For regions with at least one NH3 (1,1) detection,

the ‘peak pixel’ was defined as that with the highest NH3 (1,1) main

component brightness temperature. Following further quality con-

trol steps outlined below, the fits to the NH3 emission at this peak

pixel were used to determine characteristic gas properties of the

region.

Gas properties were derived for each pixel depending on the

reliability of the NH3 (1,1) and (2,2) detections. For pixels with re-

liable NH3 (1,1) fits, the NH3 (1,1) main-line optical depth, τ 11
m ,

was derived from the ratio of the main and satellite component

peak brightness temperatures (see e.g. Ho & Townes 1983). To

mitigate uncertainties in the optical depth caused by hyperfine-

structure intensity anomalies, an average of the outer/inner satellite

line intensities was used to determine the intensity ratio of these

components to the main line. With an optical depth for the transi-

tion, the NH3 (1,1) excitation temperature, T11
ex , was then derived

through the detection equation, assuming a background tempera-

ture of 2.73 K and a beam-filling factor of 1. For pixels which also

had reliable NH3 (2,2) fits, the gas rotational temperature (Trot)

and total NH3 column density (NTOT
NH3) were derived following Un-

gerechts et al. (1986). The gas kinetic temperature, Tkin, was cal-

culated from Trot following Tafalla et al. (2004) who used the col-

lisional rates of NH3 with H2 determined by Danby et al. (1988).

Finally, the non-thermal contribution to the NH3 (1,1) linewidth,

∆V11
NT, was calculated by subtracting the thermal contribution,

∆V11
TH (determined from Tkin), in quadrature from the measured

NH3 (1,1) linewidth, ∆V11.

2.2 Spectral-line fitting of NH3 (1,1) and (2,2) emission with

CLASS

CLASS
2 was used as a second, independent method of fitting the

spectral-line data. For each region identified as containing emis-

sion, the source-finding pipeline output a spectrum at the pixel of

peak emission. These peak spectra were then read into CLASS and a

zeroeth-order baseline was subtracted from line-free channels. The

line-free channels were selected as those offset from the velocity

of peak emission, V
peak
LSR , by more than V

peak
LSR ± 25 kms−1. The

NH3 (1,1) and (2,2) baseline-subtracted spectra were then fit with

the “nh3(1,1)” (assuming equal excitation for the hyperfine compo-

nents) and “gauss” methods within CLASS, respectively. Gas prop-

erties were derived in the same way as for the SHERPA routine.

2.3 Spectral-line fitting of NH3 emission in the Galactic

Centre

As mentioned above, the NH3 emission from the inner Galaxy

(|l| . 5◦ – corresponding to the inner few hundred parsecs from the

Galactic Centre), is very different in nature from the NH3 emission

throughout the rest of the disk due to the very different physical

conditions there (Kruijssen & Longmore 2013). The line widths

are an order of magnitude larger and the velocity structure is com-

plex, with multiple components along many lines of sight and a

velocity gradient of around 200 kms−1 within |l| . 2◦. The fitting

2 CLASS is part of the GILDAS data reduction package:

http://www.iram.fr/IRAMFR/GILDAS/
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pipelines developed in § 2.2 and 2.1 are not intended to work with

such complicated data cubes.

Instead, we used the Semi-automated multi-COmponent

Universal Spectral-line fitting Engine (SCOUSE) of Henshaw et al.

(2016). SCOUSE is a line-fitting algorithm designed to analyse large

volumes of spectral-line data in an efficient and systematic way. It

finds a balance between user-interaction and efficiency by: i) sys-

tematically excluding regions of low significance from the analysis;

ii) breaking up the input map into smaller regions, and requiring

the user to fit only the spectra that have been spatially-averaged

over these regions; iii) using the user-provided values (such as the

number of spectral components and parameter estimates) as non-

restrictive guides in the fitting process. Provided therefore, that the

line profile of a spatially averaged spectrum is an adequate repre-

sentation of its composite spectra, SCOUSE provides an efficient

and systematic approach to fitting large quantities of spectral-line

data.

We provide SCOUSE with the same input parameters as in

Henshaw et al. (2016), since these have already been (empirically)

optimised for emission from gas within the inner few hundred pc

of the Galactic Centre (the Central Molecular Zone, CMZ). We re-

fer the reader to that paper for full details of the fitting process, but

provide the values of key input parameters used to fit the Galac-

tic Centre data in Table 1. At present, SCOUSE fits all spectra with

(multiple) independent Gaussian components, so does not explic-

itly attempt to fit the NH3 hyperfine structure. However, at the size

scales probed by the resolution of the HOPS observations, the ve-

locity dispersion of the Galactic Centre gas is comparable to, or

greater than, the velocity separation of the hyperfine components

for the low NH3(J,K) transitions (Townes & Schawlow 1955; Ho

& Townes 1983; Shetty et al. 2012). We therefore expect the satel-

lite lines to be blended with the main component for these low

NH3(J,K) transitions. In the unexpected case that the intrinsic ve-

locity dispersion is low enough to resolve the hyperfine compo-

nents, the known offset and relative intensity of the main, inner

and outer satellite components (Townes & Schawlow 1955; Ho &

Townes 1983) would make the hyperfine structure trivial to spot.

We note that in the case of moderate to high opacity in the low

NH3(J,K) transitions, the brightness temperature of the satellite

lines can become comparable to the main line, leading to opacity-

broadening when fitting the emission with a single Gaussian com-

ponent. In this case, without being able to resolve the hyperfine

structure, it is not possible to determine the extent of this effect. For

that reason, the measured velocity dispersion of the low NH3(J,K)

transitions will only represent an upper limit to the intrinsic ve-

locity dispersion. The expected intensity of the inner and outer

satellite hyperfine components drops exponentially with increasing

NH3(J,K) transition so we do not expect to detect the satellite lines

for the high NH3(J,K) transitions, and the above problems should

not be an issue.

Visual inspection of the output shows SCOUSE generally does

a good job of robustly fitting the complex spectral profiles of the

NH3 (1,1), (2,2), (3,3) and (6,6) emission across the full inner 5◦

longitude range and that hyperfine structure does not result in the

“detection” of spurious additional velocity components. The only

exception to this are that some of the NH3(3,3) spectra showed

unusual profiles which proved difficult to fit. Figure 1 shows exam-

ples of such spectra. The common feature linking these problematic

spectra is a bright, narrow velocity component superimposed on

the broader, weaker velocity components which are more typical of

gas in the Galactic Centre. The left panel of Figure 1 shows one

example where the bright, narrow component lies at a velocity half

Table 1. SCOUSE: Global statistics. The input parameters provided to

SCOUSE for the fitting of each transition were identical to those used by

Henshaw et al. (2016).

Statistic NH3 (1, 1) NH3 (2, 2) NH3 (3, 3) NH3 (6, 6)

Ntot 95159 95159 95159 95159

Ntot,SAA 23742 18444 16740 2700

NSAA 430 322 296 34

Nfit 13621 9887 13163 1494

Ncomp 16373 11649 18516 1584

Ncomp/Nfit 1.2 1.2 1.7 1.2

σresid/rms 1.1 1.1 1.2 1.1

Ntot Total number of positions in the mapped area.

Ntot,SAA Total number of positions included in the coverage.

NSAA Total number of spectral averaging areas.

Nfit Total number of positions fitted using the SCOUSE routine.

Ncomp Total number of components fitted using the SCOUSE routine.

Ncomp/Nfit Fractional number of Gaussian components per position.

σresid/rms Mean σresid/σrms.

way in between two velocity components with similar, lower peak

brightness temperatures. Such a profile is qualitatively characteris-

tic of the NH3 hyperfine structure. However, the relative intensity

and velocity separation of the lines does not match that predicted

quantum mechanically (Townes & Schawlow 1955).

The middle and right panels of Figure 1 show two more ex-

amples of typical NH3(3,3) spectra that proved difficult to fit, in

which the bright, narrow component either lay on top of another

broader component, or at some intermediate velocity in between

two (or more) components with different brightness temperatures.

Given that NH3(3,3) is well known as a maser transition in regions

with conditions similar to that characteristic of gas in the Galactic

Centre, and many maser species appear widespread throughout the

region, we conclude that the most likely explanation for the narrow

spectral NH3(3,3) component is maser emission. As we are inter-

ested primarily in the variation in kinematic properties of the ther-

mal gas component, we flag regions containing maser-like spectra

and ignore them in the subsequent discussions.

In § 5 we describe the output of the fitting and discuss the

implications of this for the dense gas kinematics in the Galactic

Centre. The fit results themselves are available through the HOPS

website (http://www.hops.org.au).

3 PEAK-SPECTRA FIT RESULTS

The results of peak-spectra fitting are listed in Table 2. Columns 1

and 2 give the Galactic longitude and latitude of the region taken

from the source name in Paper II. Columns 3 to 11 list the best-fit

NH3 (1,1) and NH3 (2,2) parameters at the peak pixel towards each

region. For each transition, TB is the peak brightness temperature

of the main component, VLSR is the line-centre velocity and ∆V

is the linewidth. Columns 6 and 7 show the opacity and excitation

temperature of the NH3 (1,1) transition. The subscript ‘m’ denotes

the main hyperfine component. Column 8 shows the NH3 (2,2) in-

tegrated intensity. A dash denotes no reliable fit was obtained for

that parameter.

c© 2010 RAS, MNRAS 000, ??–??
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Table 2. Example output from the automated spectral line fitting procedure described in § 2. Columns 1 and 2 give the Galactic longitude and latitude of the

region taken from the source name in Paper II. Columns 3 to 11 list the best-fit NH3 (1,1) and NH3 (2,2) parameters at the peak pixel towards each region.

For each transition, TB is the peak brightness temperature of the main component, VLSR is the line-centre velocity and ∆V is the linewidth. Columns 6 and

7 show the opacity and excitation temperature of the NH3 (1,1) transition. The subscript ‘m’ denotes the main hyperfine component. Column 8 shows the

NH3 (2,2) integrated intensity. A dash denotes no reliable fit was obtained for that parameter. Only the first 5 sources are shown. The full catalogue is available

in Appendix 2.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

0.223 -0.473 2.87 ± 0.39 16.90 ± 0.07 1.96 ± 0.15 1.65 ± 0.49 4.46 0.65 ± 0.20 16.71 ± 0.17 1.08 ± 0.40 0.57

0.238 -0.189 0.74 ± 0.61 76.60 ± 1.55 6.75 ± 3.78 3.37 ± 3.81 2.94 2.05 ± 0.45 79.13 ± 0.75 6.34 ± 1.39 0.30

0.507 -0.321 0.31 ± 0.07 -64.00 ± 0.85 6.69 ± 1.40 0.10 ± 2.74 5.83 2.47 ± 0.69 -64.48 ± 3.40 24.64 ± 7.92 0.09

0.658 -0.213 0.51 ± 0.37 -50.00 ± 0.67 2.60 ± 1.28 1.27 ± 3.13 3.13 0.44 ± 0.16 -59.87 ± 0.22 1.20 ± 0.47 0.35

0.860 -0.067 11.30 ± 1.13 12.80 ± 0.26 15.00 ± 0.90 1.92 ± 0.25 8.61 126.40 ± 2.11 12.67 ± 0.25 31.51 ± 0.64 3.77

Table 3. Example derived gas properties for sources with robust NH3 (1,1) and NH3 (2,2) detections (see § 3). The rotational temperature, total NH3 column

density, kinetic temperature and the non-thermal and thermal contributions to the line width are listed in columns 3 to 7, respectively, for the peak NH3 (1,1)

pixel. Only the first 5 sources are shown. The full table is given in Appendix 2.

l b Trot Ntot
NH3 Tkin ∆Vnt ∆Vth

(◦) (◦) (K) (1014cm−2) (K) (kms−1) (kms−1)

29.939 -0.031 19 1.69 22 3.13 0.24

27.774 0.068 21 0.69 26 2.37 0.26

27.278 0.152 42 0.45 93 2.32 0.50

24.785 0.095 17 2.22 20 3.58 0.23

24.475 0.478 34 0.33 59 3.04 0.39

(1.650, -0.018)

0.0

1.0

2.0

-50 0 50 100 150

VLSR (km s-1)

T
M

B
 (

K
)

(1.525, -0.018) (0.558, -0.043)

Figure 1. Example NH3 (3,3) spectra that proved difficult for SCOUSE to

fit. The coordinates in parentheses given the position in Galactic longitude

and latitude.

For Table 2 we adopted an inclusive approach, where all po-

tential detections are included. While the automated fitting algo-

rithm is designed to remove obviously spurious fits, distinguish-

ing between fits to genuine low signal-to-noise detections and fits

to noise involves further work. In other words, Table 2 is optimal

in terms of completeness, but a small number of the low signal-

to-noise detections may not be real. To remove such false detec-

tions, we used a two-step approach. Firstly we compared the fit

results from the two pipelines and the properties of the NH3 (1,1)

and NH3 (2,2) detections, and used these to define appropriate ‘ro-

bustness’ criteria. Then we checked the ‘robust’ spectra by eye to

confirm the criteria were producing sensible results.

The required robustness of the fits depends on the specific

science goals. For our purposes below (§ 4) we wanted to isolate

the most robust detections, so defined a set of ‘highly reliable’

NH3 (1,1) detections as those with: (i) a signal-to-noise in both the

SHERPA and CLASS pipelines of >5; (ii) the SHERPA and CLASS

VLSR agree to within 3 kms−1; (iii) the SHERPA and CLASS ∆V

agree to within 50%. 81 of the NH3 (1,1) detections pass these crite-

ria. Using similar criteria for the NH3 (2,2) detections, which were

a subset of the reliable NH3 (1,1) reliable detections, we identify

64 sources with highly reliable NH3 (2,2) detections.

Table 3 shows the derived gas properties for sources with ro-

bust NH3 (1,1) and NH3 (2,2) detections. The rotational tempera-

ture, total NH3 column density, kinetic temperature and the non-

thermal and thermal contributions to the line width are listed in

columns 3 to 7, respectively, for the peak NH3 (1,1) pixel.

Maps of the fit parameters and derived gas properties were

made for those regions with at least 30 pixels (i.e. >1.5 times the

2′ beam area) with reliable NH3 (1,1) fits. An example of these

maps is shown in Figure 2. The top left and top right panels show

NH3 (1,1) and NH3 (2,2) peak pixel spectra. If a reliable fit was ob-

tained, the residual (the best-fit profiles subtracted from the data)

is shown below the observed spectra for that transition, separated

by a horizontal dotted line. For regions with a reliable NH3 (1,1)

fit, the NH3 (1,1) VLSR is shown as a dashed vertical line. For re-

gions where no reliable fits were returned, only the observed spec-

tra at the position of peak emission are shown. The left panel of the

second row shows the NH3(1,1) brightness temperature overlayed

with contours in 10% steps of the peak value, from 90% down. The

right panel of the second row and left panel of the third row show

the velocity dispersion and VLSR of the NH3(1,1), respectively, de-

termined from the fit. The contours for these two plots show the

NH3 (1,1) brightness temperature. For those regions which also
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have at least 30 pixels with reliable NH3 (2,2) fits (for example,

the region in Figure 2), the right panel on the third row shows the

NH3(2,2) brightess temperature overlayed with contours in 10%

steps of the peak value, from 90% down. The bottom left and right

panels show the kinetic temperature and total NH3 column den-

sity maps, respectively. The contours for these two plots show the

NH3 (2,2) brightness temperature. Similar plots for all regions with

at least 30 pixels with reliable NH3 (1,1) fits are available in an on-

line appendix. Plots of NH3 (1,1) and NH3 (2,2) peak pixel spectra

(similar to those in the top row of Figure 2) are available for all

sources in an online appendix.

In § 4 we use these catalogues to try and determine the relative

ages of the NH3 sources identified in HOPS.

4 CHARACTERISING THE PROPERTIES OF HOPS NH3

SOURCES IN THE DISK

NH3 observations have played an important role in deriving the

physical properties of gas in high-mass star formation regions

and, in combination with other diagnostics, trying to define a self-

consistent observational evolutionary sequence to order regions by

their relative ages (e.g. Pillai et al. 2006; Longmore et al. 2007; Hill

et al. 2010; Ragan et al. 2011; Dunham et al. 2011; Urquhart et al.

2011; Wienen et al. 2012; Battersby et al. 2014; Urquhart et al.

2015).

Previous work has used the diagnostic power of NH3 to de-

termine the gas properties of young high mass star formation re-

gions that have been selected through various methods, for exam-

ple, infrared-dark clouds (IRDCs: Pillai et al. 2006; Ragan et al.

2011; Battersby et al. 2014), mid-IR bright young stellar objects

(Urquhart et al. 2011, 2015), and (sub)mm continuum emission

(Dunham et al. 2011; Wienen et al. 2012). These selection crite-

ria are complementary. IRDCs identify regions at early evolution-

ary stages but require a bright mid-IR background, so preferen-

tially pick out nearby objects. Mid-IR bright regions can be de-

tected across the Galaxy but are more evolved. Longer wavelength

(sub)mm continuum data identify both of these evolutionary stages

with good completeness, but also select lower mass regions which

are unlikely to form high-mass stars.

As a large-area, blind, molecular line survey, HOPS allows

us to take a different approach, by starting with an NH3-selected

sample. HOPS is a relatively shallow survey, so this approach has

disadvantages compared to the previous identification methods out-

lined above. For example, the survey is incomplete for lower mass

and lower density molecular clouds. However, NH3 has an effec-

tive critical density of several ∼103 cm−3 (Evans 1999), so traces

dense molecular gas, and is found in regions cold enough that more

common gas tracers, like CO, tend to deplete by freeze out onto

dust grains (Bergin et al. 2006). Also, spectral line observations au-

tomatically provide the underlying kinematic gas structure, which

is crucial for determining the nature of continuum sources (e.g.

whether bright sources are in fact multiple regions superimposed

along the line of sight). As shown in Paper II, HOPS is therefore

an ideal survey to identify the most massive and dense molecular

clouds in the Galaxy. These are particularly interesting as potential

precursors to the most massive and dense stellar clusters, dubbed

‘young massive clusters’ (YMC’s; Longmore et al. 2012, 2014).

We discuss potential YMC precursor clouds in § 4.1.

Before doing this, our first goal is to understand the range of

evolutionary stages covered by the HOPS NH3 sources. For this

purpose we chose 22-GHz water maser (Walsh et al. 2014) and

6.7-GHz methanol maser (Caswell et al. 2010, 2011; Green et al.

2010, 2012; Breen et al. 2015) emission as diagnostics of embed-

ded star formation activity within gas clouds. We then divided the

HOPS NH3 detected regions into different groups depending on

whether or not the sources contained maser emission within the

primary beam (2′). We defined the following four groups: (i) NH3

sources that are not associated with any known 22-GHz water or

6.7-GHz methanol maser; (ii) those that are associated with just

22-GHz water maser emission; (iii) those associated with just 6.7-

GHz methanol maser emission, and (iv) those associated with both

types of maser.

Of the 687 HOPS NH3 sources, there are 490, 54, 70 and 73

in groups (i) to (iv), respectively. The vast majority of HOPS NH3

sources have no associated maser emission down to the sensitivity

limits of the HOPS and Methanol Multi-beam surveys. Taken at

face value the dominance of group (i) sources suggests that HOPS

preferentially selects young regions which do not have prodigious

embedded star formation activity. However, it may be the case that

there are lower mass star formation regions in the sample. These

would not be expected to have 6.7-GHz methanol maser emission

(Minier et al. 2003; Breen et al. 2013). Also, with a 5σ sensitivity of

∼1 Jy, HOPS is a comparatively shallow 22-GHz water maser sur-

vey. So while it has the advantage of being complete, weaker water

masers will have been missed. Therefore, the NH3-only group may

contain a number of clouds with active low mass star formation.

Previous studies have found such biases when comparing re-

gions with different selection criteria. For example, Hill et al.

(2010) found that, in their sample, millimetre continuum sources

without other signs of star formation (including methanol masers

and radio continuum emission) tended to have smaller sizes, masses

and velocity dispersions. This was interpreted as either evidence

for these sources to be at an earlier stage of star formation, or to

be associated with lower mass star formation that does not exhibit

methanol masers or radio continuum sources.

Given the molecular cloud mass completeness limits of

400 M⊙ for clouds at distances of 3.2 kpc (Purcell et al. 2012),

HOPS should only be able to detect low mass star forming regions

out to distances of a few kpc. Figure 3 shows the distribution of

near kinematic distances derived in Paper II for sources in the four

groups. The NH3-only sources appear to be systematically closer.

In particular, the fraction of sources at distances >3 kpc is reduced

compared to the other distributions. There are no clear differences

in the distance distributions for sources associated with maser emis-

sion. This is consistent with the notion that the NH3-only group

contains more nearby, low mass star formation regions.

Figure 4 shows the distributions of NH3 (1,1) integrated in-

tensity, multiplied by the square of the distance, for the same four

sub-samples. This quantity is useful as a measure of the relative

mass of each region. While far too crude to use as an absolute mass

measurement (it does not take into account the effects of gas tem-

perature or variations in the NH3 relative abundance, for example),

this has the potential to highlight any major systematic differences

in the NH3-derived mass between the groups. The range of values

in all four groups are similar, but the combination of low number

of sources in the groups and systematic uncertainties in the mea-

surements mean we cannot determine statistically meaningful dif-

ferences between the distributions.

We then focused on the ‘highly-reliable’ sources identified us-

ing the criteria outline in § 3. Applying these criteria, there are then

13, 14, 12 and 24 sources in groups (i) to (iv), respectively. The

number of NH3 sources associated with maser emission [groups

c© 2010 RAS, MNRAS 000, ??–??



HOPS NH3 source properties 7

Figure 2. Spatially-resolved gas properties output from the automated spectral line fitting routine for example source G316.752 + 0.004− 38.2 (see Paper II

for the naming definition). NH3 (1,1) [top left] and NH3 (2,2) [top right] spectra from the pixel with peak NH3 (1,1) emission, with residuals from the fit

displayed underneath. The vertical dashed lines show the NH3 (1,1) VLSR. The left panel of the second row shows the brightness temperature (in K) of the

NH3 (1,1) emission overlaid with contours in 10% steps of the peak value, from 90% down. The right panel of the second row and left panel of the third row

show the velocity dispersion and VLSR (in kms−1) of the NH3 (1,1) emission determined from the fit to each pixel. The contours for these two plots show the

same NH3 (1,1) brightness temperature contours as the left panel of the second row. The right panel on the third row shows the brightness temperature (in K)

of NH3 (2,2) emission overlaid with contours in 10% steps of the peak value, from 90% down. The bottom left and right panels show the kinetic temperature

(in K) and total NH3 column density (in cm−2) maps, respectively. The contours for these two plots show the same NH3 (2,2) brightness temperature contours

as the right panel of the third row. The primary beam is shown in the bottom left corner of each image.
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8 S.N.Longmore et al.

Figure 3. Distributions of distances for NH3 sources with no known maser

association (top), associations with just water masers (next panel down),

associations with just methanol masers (next panel down) and associations

with both types of masers (bottom panel).

(ii), (iii) and (iv)] drops by factors of several. However, the number

of NH3-only sources [group (i)] drops by a factor ∼40.

Figures 5, 6, 7 and 8 show the distribution of near kine-

matic distance, integrated intensity multiplied by the square of the

distance, linewidth and temperature, respectively, for the ‘highly-

reliable’ sources. There are no clear systematic differences between

any of the distributions. There may be a slight trend for NH3-only

sources to have lower line widths and temperatures than sources

with masers – similar to results found by other authors (e.g. Long-

more et al. 2007; Hill et al. 2010; Wienen et al. 2012) – but the

low numbers of sources in each group and associated systematic

uncertainties mean the trend is not statistically significant.

In summary, the NH3-only sources in the full catalogue are on

average closer and have less reliable detections than NH3 sources

associated with maser emission. The ‘highly-reliable’ NH3-only

sources have similar distance and relative mass distributions as

the NH3 sources associated with maser emission, and may have

slightly narrower NH3 (1,1) line widths and lower gas temperatures

Figure 4. Distributions of integrated intensity, multiplied by the square of

the distance for all NH3 sources (in units of K kms−1 kpc2). This quantity

is a crude estimation for the relative clump masses. The distributions are

shown for NH3 clumps with no known maser association (top), associations

with just water masers (next panel down), associations with just methanol

masers (next panel down) and associations with both types of masers (bot-

tom panel).

as would be expected if they are younger than NH3 sources associ-

ated with masers.

4.1 Searching for Young Massive Cluster (YMC) progenitors

The most massive (>104 M⊙) and compact (radius ∼pc) stellar

clusters are powerful probes of star formation across cosmological

timescales. Their very high (proto)stellar densities constitute the

most extreme known stellar birth environments, providing strin-

gent tests for star and planet formation theories. Being both very

bright and compact, the clusters can be readily observed to large

distances. The youngest of these are therefore ideal tracers of the

recent star formation history of galaxies. Having survived for close

to a Hubble time, globular clusters provide a window into star for-

mation when the Universe was still in its infancy, and also trace the
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Figure 5. Distributions of distances for ‘highly-reliable’ NH3 sources with

no known maser association (top), associations with just water masers (next

panel down), associations with just methanol masers (next panel down) and

associations with both types of masers (bottom panel). There are no sys-

tematic differences between the four groups.

subsequent mass assembly of galaxies. Understanding how such

extreme clusters form is therefore a key question in many areas of

astrophysics.

The properties of young massive clusters (YMCs) have been

studied in detail at optical and infrared (IR) wavelengths for

decades (see Portegies Zwart et al. 2010, for a review). One of their

defining characteristics are very centrally-concentrated stellar mass

profiles, and it is often assumed that the stars formed at similar (or

even higher) proto-stellar densities. However, by the time the clus-

ters are visible in the optical and infrared, they are already a few

Myr old. As the dynamical time of such dense stellar systems is

much shorter than this (of order 0.1 Myr), the stars very quickly

reach dynamical equilibrium, and the imprint of the initial condi-

tions is lost. This makes it very difficult to unambiguously deter-

mine if the stars formed at such high density, or have dynamically

evolved into this state from initially hierarchical substructure as ob-

served for nearby star forming regions and in cluster scale simula-

Figure 6. Distributions of integrated intensity, multiplied by the square of

the distance for ‘highly-reliable’ NH3 sources (in units of K kms−1 kpc2).

This quantity is a crude estimation for the relative clump masses. The distri-

butions are shown for NH3 clumps with no known maser association (top),

associations with just water masers (next panel down), associations with

just methanol masers (next panel down) and associations with both types

of masers (bottom panel). There are no systematic differences between the

four groups.

tions (see e.g. Smith et al. 2009; Maschberger et al. 2010; Parker

2014; Wright et al. 2014).

A complementary approach to investigate how YMCs form is

to search for the likely gas cloud progenitors of these clusters and

determine the spatial/kinematic structure before they are visible in

the optical/IR and dynamical effects have erased the initial condi-

tions. The capabilities of both current and planned observational

facilities mean for the next several decades at least, it will only

be possible to detect and resolve individual stars forming in such

clouds within our own Galaxy. Finding all the progenitor clouds in

the Milky Way is therefore a key step towards understanding the

formation mechanism of YMCs.

The recent completion of many multi-wavelength, sensitive

and high-resolution Galactic plane surveys has made it possible to
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Figure 7. Distributions of spectral line FWHM for NH3 sources. The distri-

butions are shown for NH3 clumps with no known maser association (top),

associations with just water masers (next panel down), associations with

just methanol masers (next panel down) and associations with both types of

masers (bottom panel). The top distribution shows typically narrower line

widths.

begin systematic searches for YMC precursor clouds in the Milky

Way (see Longmore et al. 2014, for a review). To date these have

focused on finding gas clouds with enough mass (> few 104 M⊙) in

a small enough volume (radius ∼ 1 pc) that they have the potential

to form a stellar system with a density profile similar to that ob-

served for YMCs (Bressert et al. 2012). These surveys should eas-

ily be able to detect any such massive and compact objects through

the Galaxy, and a small number of such candidate YMC precursor

clouds have been found in both the Galactic disk (Ginsburg et al.

2012; Urquhart et al. 2013; Contreras et al. 2017) and the Galactic

Centre (Longmore et al. 2012; Kauffmann et al. 2013; Longmore

et al. 2013; Johnston et al. 2014; Rathborne et al. 2014,?, 2015).

Walker et al. (2015, 2016) analysed the radial gas distribution

of all known YMC precursor candidates and showed that the gas

mass profiles are generally shallower than the stellar mass surface

density profiles of the YMCs. Therefore, despite dedicated observa-

Figure 8. Distributions of kinetic temperatures for NH3 sources. The distri-

butions are shown for NH3 clumps with no known maser association (top)

and associations either water and/or methanol masers (bottom). The top dis-

tribution shows typically lower kinetic temperatures.

tional searches which should be complete to such objects through-

out the Galaxy, no clouds have been found with a sufficiently

high gas mass concentration to form a system with stellar mass as

centrally-concentrated as observed for YMCs (i.e. ∼104 M⊙ within

core radii of ∼0.5 pc). The fact that more quiescent, less evolved

clouds contain less mass in their central regions than highly star-

forming clouds, suggests an evolutionary trend in which YMC pro-

genitor clouds continue to accumulate mass towards their centres

after the onset of star formation. However, even if the gas keeps

flowing in, the stellar mass of the forming cluster may still domi-

nate the local gravitational potential due to short free-fall times and

rapid star formation, leading to central gas exhaustion (Kruijssen

et al. 2012; Ginsburg et al. 2016).

There are several natural consequences of this “conveyor-belt”

mass accumulation scenario for YMC formation. Firstly, at the ear-

liest evolutionary stages, the mass in the precursor clouds that ul-

timately ends up in the YMC is spread over a much larger radius.

As such, potential YMCs precursor clouds at the earliest evolution-
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ary stages may have been excluded from previous searches looking

for clouds with >104 M⊙ of gas within radii of <0.5 pc. Secondly,

the gas at these larger radii must converge to the eventual cluster

centre in less than 1Myr – the upper limit to the observed stel-

lar age spreads in YMCs (Longmore et al. 2014). This converging

gas flow should be imprinted in the observed gas kinematics. As

a large-area, blind, spectroscopic, dense gas Galactic plane survey

with angular resolution corresponding to parsec-scale physical res-

olutions at the expected distances, HOPS is ideally suited to finding

such YMC precursor clouds in the earliest evolutionary stages. Be-

low we describe the method we used to search for YMC progenitor

clouds in the HOPS data.

The fundamental property for a gas cloud to be included as

a potential YMC precursor is that it has sufficient mass to form

a stellar cluster of 104 M⊙. To derive the gas mass of the HOPS

NH3 sources we used data from the ATLASGAL survey (Schuller

et al. 2009), providing a map of > 400 square degrees of the inner

Galaxy at 870 µm, with an angular resolution of ∼ 19′′. To match

the sources in the HOPS catalogue with regions in the ATLAS-

GAL map, we smoothed the full ATLASGAL map to the angular

resolution and pixel scale of the HOPS data. We then applied the

2D HOPS masks (described in full detail in Paper II) to the AT-

LASGAL map and extracted the data within each HOPS mask as

an individual map. As the spatial coverage of the two surveys are

different, we were unable to obtain a masked dust map for every

HOPS source. Of the 687 sources in the HOPS catalogue, we ob-

tained 605 corresponding dust maps.

We then estimated the mass of each HOPS source through,

M =
d2

κνBν(T )

∫

IνdΩ =
d2Fν

κνBν(T )
,

where M is the mass, Bν(T) is the Planck function, T is the dust

temperature, κν is the dust opacity, Fν is the integrated flux and

d is the distance. To estimate the dust opacity (κν ), we use the

following relation (Battersby et al. 2011),

κν = 0.04 cm2 g−1
(

ν

505 GHz

)1.75

,

where ν is the frequency. Note that this contains the assump-

tion that the gas-to-dust-ratio is 100.

As we do not know the dust temperature for all of the sources,

we assume a uniform value of 15 K in all cases. Though the true

dust temperature is likely to be non-uniform and vary between the

regions, 15 K is consistent with typical temperatures seen in molec-

ular clouds and NH3-derived gas temperatures above, and in other

studies (e.g. Wienen et al. 2012). Assuming the dust temperature

for each source equals the HOPS NH3-derived gas temperature de-

rived for that source does not affect the conclusions below.

The distance to each HOPS source was calculated from the

NH3 (1,1) VLSR following the procedure outlined in Urquhart et al.

(2014), but adopting the updated Galactic model described in Reid

et al. (2014) which uses the most recent maser parallax measure-

ments to constrain galactic rotation. We then couple these distance

estimates with the estimated geometric radii for each catalogued

source to determine their physical radii in parsecs.

With mass and radius estimates for the HOPS NH3 sources,

we then seek to identify which of these may be potential YMC

precursor candidates. By definition, the stellar mass of YMCs is

& 104 M⊙. Our first criteria is therefore to select HOPS sources

with a large enough mass reservoir to form a YMC, i.e. M >

104 M⊙. Figure 9 shows the mass vs. radius for the 605 HOPS
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Figure 9. Mass vs radius for the 605 HOPS NH3 sources which could be

matched with the ATLASGAL catalogue. The dotted horizontal line shows

the 104 M⊙ mass threshold. We find a total of 12 sources (marked as red

points) above this threshold. The dashed line shows a constant volume den-

sity of 102 cm−3. The dot-dashed line shows a constant column density of

1021 cm−2.

NH3 sources which could be matched with the ATLASGAL cata-

logue. The dotted horizontal line shows the 104 M⊙ mass thresh-

old. We find a total of 12 sources (marked as red points) above this

threshold.

Many of the sources are found projected within a few degrees

of the Galactic Centre. Inspection of the dust continuum emis-

sion and the NH3 (1,1) integrated intensity, velocity field and the

velocity dispersion towards G001.374+0.112, G002.826+0.048,

G003.145+0.3014, G003.340+0.396 and G358.894−0.290, show

that these sources all have very broad line profiles, with FWHM

well in excess of >15 kms−1. Inspection of the full HOPS NH3

data cubes show these sources are clearly associated with promi-

nent features in the Galactic Centre such as the ‘1.3 degree cloud’,

‘Clump 2’ and ‘Sgr C’ (see § 5). They have likely have only been

identified as separate sources in Paper II as the emission linking

them to the main structures falls below the HOPS sensitivity thresh-

old. The kinematic models used to determine distances from the

VLSR are not reliable for regions so close to the Galactic Centre. In

addition, the 15 K dust temperature is likely to be an underestimate

(Ginsburg et al. 2016). Placing these sources at the correct distance

of ∼8.5 kpc and using a lower limit to the dust temperature of 20 K,

the mass of these sources drops below 104 M⊙. We conclude that

these are unlikely to be YMC precursor clouds.

Table 4 summarises the properties of the remaining 7 sources,

Figures 10, 12, 14, 16, 18, 20 and 22 show their dust continuum

emission and the NH3 (1,1) integrated intensity, velocity field and

the velocity dispersion. Figures 11, 13, 15, 17, 19, 21 and 23 shows

the mid-IR images for the 7 sources. Below, we investigate each in

turn and weigh up the likelihood that each may be a YMC progen-

itor gas cloud.

Although G003.432−0.351 lies close in projection to the

Galactic Centre, the much narrower velocity dispersion is consis-

tent with a source outside the Galactic Centre. The large mass for

this source comes primarily because the adopted distance is very

large, 21.1 kpc, putting it at the outer reaches on the far side of

the Galaxy. Inspection of mid-IR images (Figure 11) shows the

NH3 (1,1) and dust emission line up very well with IR-dark gas

clouds, suggesting the source lies on this side of the Galactic Cen-
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Source M R FWHM dnear dfar dadopted (∆d) Probability

104 M⊙ pc km s−1 kpc kpc kpc

G003.432−0.351 1.2 17 3.08 ∗ ∗ 21.1 (3.7) 0.59

G316.752+0.004 1.5 18 2.95 2.6 9.8 9.8 (0.8) 0.54

G330.881−0.371 1.1 9 3.5 3.9 11.0 11.0 (0.4) 0.7

G338.464+0.034 1.6 10 11.8 3.1 12.7 12.6 (0.5) 0.74

G341.224−0.274 1.3 20 1.89 3.6 12.5 12.4 (0.5) 0.79

G350.170+0.070 1.8 17 5.66 5.8 11.0 10.4 (0.4) 0.72

G357.555−0.323 1.5 22 1.48 ∗ ∗ 16.8 (2.3) 0.79

Table 4. Properties of HOPS sources identified as candidate YMC precursor gas clouds. The estimated mass (M), radius (R), FWHM, near distance (dnear), far

distance (dfar), adopted distance (dadopted) with associated error (∆d), and the probability that the source is at the adopted distance are given for each source.
∗A reliable estimate of near and far distance limits could not be obtained for these sources due to their close projected distance to the Galactic Centre.

tre (d<8.5 pc) in front of the extended Galactic mid-IR emission.

We note that the probability that the source lies at the far distance is

rather low (0.59) and conclude that the distance is factors of several

overestimated. The likely mass is therefore much less than 104 M⊙,

and this source is not a YMC progenitor cloud.

The story for G316.752+0.004 seems to be similar. From the

distance likelihood estimation, it is only marginally more probable

that the source lies at the far distance of 9.8 kpc, rather than the

near distance of 2.6 kpc. The mid-IR images also show absorption

features with a similar morphology as the dust and NH3 emission,

which would suggest this source is at the near distance. Indeed,

previous studies have concluded this source is at the near distance

(see Longmore et al. 2007, and references therein). In which case,

the mass in Table 4 is overestimated by a factor ∼13. We conclude

this source is unlikely to be a YMC progenitor cloud.

The dust continuum and NH3 (1,1) maps of G330.881−0.371

show two peaks offset by ∼5−10 pc. These are clearly at two

very different velocities. The brighter component is at VLSR =
−63 kms−1, and the weaker at −41 kms−1. We conclude the gas

at the different velocities is not physically associated. We focus

on the brightest component as this is the one which dominates the

dust and NH3 emission, and for which the distance has been calcu-

lated. Masking the weaker component, the mass drops, by ∼10%

to ∼ 104 M⊙. Although the mid-IR images show absorption with

similar morphology as the dust emission, the nebulosity may be as-

sociated with the region, weakening the argument that this absorp-

tion places the source at the near distance. The brighter gas and

dust component is associated with an embedded 70µm source and

maser emission, showing that star formation is underway, although

at an early evolutionary stage. Whether or not this source is a YMC

progenitor candidate depends primarily on correctly resolving the

distance ambiguity. But even if it does lie at the far distance, more

detailed calculations of the mass (e.g. including the actual distribu-

tion of dust temperature) are required to see if the mass reservoir is

large enough for the cloud to produce a YMC.

The dust continuum and NH3 (1,1) maps of G338.464+0.034

show two, distinct peaks of roughly equal intensity, offset by

∼5−10 pc. The mid-IR images show significant nebulosity, al-

though it is not clear if this is physically associated with the dense

gas. The northern gas component has an embedded 70µm source

and maser emission showing that star formation is underway. The

probability that this source lies at the far distance is high (0.74),

and there is no evidence of mid-IR absorption features with simi-

lar morphology to the NH3 (1,1) and dust emission. At the peak of

the NH3 (1,1) integrated intensity and dust emission the two gas

clumps are offset in velocity by ∼6 kms−1. Although there are

clear signs of a velocity gradient along the major axis of the two

clumps, suggesting that they may be physically associated, the an-

gular resolution of the HOPS data is too coarse to see whether this

velocity gradient is unambiguously contiguous from one clump to

the other. As such, we cannot rule out that these may be phys-

ically unassociated dense clumps which are serendipitously pro-

jected along our line of sight. However, if they are physically asso-

ciated, it is intriguing that the velocity gradient is sufficient to bring

the two clumps together in ∼1 Myr – the maximum age spread ob-

served for YMCs. This is an interesting candidate to follow up as a

potential YMC progenitor candidate.

Both the dust and NH3 emission for G341.224−0.274 show

multiple components spread over a projected radius of >20 pc. The

probability that this source is at the far distance of 0.79 is the most

robust for all the sources. Figure 19 shows that this is an area of

intense star formation activity. The NH3 (1,1) data cubes show there

is almost no change in velocity across the main ridge of source

which contains most of the mass. Unless there are convergent gas

motions of >10 kms−1 purely in the plane of the sky, which seems

unlikely, there is no way the gas in this source can condense to a

radius of 0.1 pc within 1 Myr. We therefore conclude this is unlikely

to be a YMC progenitor.

The dust continuum and NH3 (1,1) maps of G350.170+0.070

show two, distinct peaks of roughly equal intensity, offset by

∼5−10 pc, and surrounding lower intensity, filamentary emission,

all linked contiguously in the NH3 (1,1) velocity cube. Figure 21

shows that this is an area of intense star formation activity across

the complex. There is a ∼5 kms−1 velocity gradient across the two

brightest components, but there is no way to tell if this is due to con-

vergent motions or not. Further analysis of the physical and kine-

matic substructure of this source are needed to determine whether

it has the potential to form a YMC.

For G357.555−0.323, both the dust and NH3 (1,1) integrated

intensity emission are dominated by a single component. However,

although the dust and dense gas have a similar, elongated morphol-

ogy, the peaks are offset from each other by a projected distance of

a few pc. The NH3 (1,1) data cubes show there is almost no change

in velocity across the main ridge of the source which contains most

of the mass. Similar to G341.224−0.274, unless there are conver-

gent gas motions of >10 kms−1 purely in the plane of the sky,

which seems unlikely, there is no way the gas in this source can

condense to a radius of 0.1 pc within 1 Myr. We therefore conclude

this is unlikely to be a YMC progenitor.

In summary, our search to find YMC progenitor candidate

clouds using the HOPS data has proved inconclusive. The main

limiting factor in determining whether or not most of the sources

are genuine YMC progenitor candidates is the uncertainty in the

distance. Although several sources may lie at the far kinematic
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distance, and therefore have sufficient mass to form a YMC,

more detailed investigation is required to prove this. The most

promising candidates are G330.881−0.371, G338.464+0.034 and

G350.170+0.070. If these do lie at the far kinematic distance, and

all the gas is physically associated, the NH3 (1,1) velocity struc-

ture suggests the magnitude of the gas motion is sufficient to bring

the mass to a radius of <1 pc in under 1 Myr. However, the major

caveat for this to occur is that these gas flows must be convergent.

Further analysis of the kinematics of the dense gas and surround-

ing lower density envelopes from existing survey data (e.g. Jackson

et al. 2013; Bihr et al. 2015; Beuther et al. 2016; Jordan et al. 2015;

Rathborne et al. 2016; Rigby et al. 2016; Bihr et al. 2016), and frag-

mentation at higher resolution (e.g. Longmore et al. 2006; Beuther

et al. 2009; Longmore et al. 2011; Henshaw et al. 2016, 2017) will

form the basis of a subsequent paper.

Regardless of whether these turn out to be YMC progenitor

clouds or not, one thing is clear – all the potential candidates we

found are already forming stars. Despite relaxing our search crite-

ria from those in Bressert et al. (2012) to find younger sources, and

despite HOPS having sufficient sensitivity and resolution to find

quiescent progenitor clouds, we did not find one. We conclude that

the starless phase for YMC progenitor gas clouds in the disk of the

Galaxy is either non existent, or so short it is effectively not ob-

servable given the small number of YMCs expected to be forming

at any time in the Milky Way.

5 GALACTIC CENTRE GAS KINEMATIC PROPERTIES

Figures 24, 25, 26 and 27 show the position-position-velocity

(PPV) diagrams of the SCOUSE NH3 fit results for gas detected

in the inner 500 pc of the Galaxy (see § 2.3 for details). In the vari-

ous sub plots, the size and colour of the symbols show the variation

in either peak brightness temperature or velocity dispersion. The

grey-scale on the bottom surface of each panel shows the integrated

intensity emission for that transition.

The detected PPV structure, variation in peak brightness tem-

perature and variation in velocity dispersion of the independently-

fit NH3 (1,1), (2,2) and (3,3) emission are very similar, giving fur-

ther confidence in the robustness of the SCOUSE fit results. The

integrated intensity of the emission from these transitions corre-

sponds well to the high columsn density HiGAL gas distribution

(Molinari et al. 2011, Battersby et al., in prep).

In contrast, the NH3(6,6) emission is detected over a much

smaller spatial extent than the other NH3 transitions, being almost

exclusively confined to the inner 150 pc (|l| < 1◦). The brightest

NH3(6,6) emission is associated with the well-known star forma-

tion regions Sgr B2 (l ∼ 0.65◦ , b ∼ 0◦, VLSR ∼ 65 kms−1),

the “20kms−1” and “50kms−1” clouds (l ∼ 0◦, b ∼ 0◦, VLSR ∼
20 − 50 kms−1). Slightly weaker NH3(6,6) emission is detected

towards a few locations along the “dust ridge” (l ∼ 0.1 − 0.5◦,

b ∼ 0 − 0.2◦, VLSR ∼ 30 kms−1). The only NH3(6,6) emission

detected outside the inner 100 pc is at the high longitude end of

both velocity components of the “1.3 degree” cloud complex.

As we view the Galactic Centre through the disk of the Galaxy,

there is a large column of gas along the line sight which is unasso-

ciated with this region. This can lead to (sometimes severe) con-

tamination when trying to isolate emission from gas in the Galactic

Centre (for example, see Figure 4 in Bally et al. 1988) making it

difficult to interpret the kinematics, especially at velocities close

to VLSR ∼ 0 kms−1. The advantage of using transitions of NH3

with a higher critical density than CO is immediately obvious in

Figures 24, 25, 26 and 27. The NH3 emission cleanly picks out the

high density Galactic Centre gas and none of the intervening, lower

density, CO-bright molecular clouds in the disk.

A direct comparison between the NH3 PPV diagrams in Fig-

ures 24, 25, 26 and 27 and other observations of high critical den-

sity molecular line transitions over the same region is difficult, be-

cause previous papers have tended to use moment maps and chan-

nel maps to investigate the kinematics (e.g. Jones et al. 2012; Ott

et al. 2014). However, the general trends in NH3 velocity structure

appear qualitatively similar to those of other dense gas tracers in

the literature.

Figure 28 shows a comparison of the Henshaw et al. (2016) fits

to the Jones et al. (2012) Mopra 3mm HNCO emission in grey and

the HOPS NH3 (1,1) emission in blue. In the overlapping spatial

coverage range (between longitudes of −0.7◦ . l . 1◦) the NH3

PPV structure closely matches that of the HNCO, despite the factor

∼4 lower angular resolution. This gives further confidence that the

SCOUSE fits to these high density tracers are robustly tracing the

global gas kinematics.

The general trends in velocity structure – such as the two

streams with large velocity gradients in the inner 100 pc and the

large velocity dispersion towards Sgr B2 – are similar to those re-

ported by other authors (see Kruijssen et al. 2015; Henshaw et al.

2016, and references therein). One important advantage of fitting

independent profiles to every velocity component in the data cube

is to minimise blending in velocity space prevalent in moment maps

or when creating PV diagrams by collapsing the data cube over one

of the two position axes (e.g. summing along latitude to create a

longitude-velocity diagram). By fitting (multiple) Gaussian com-

ponents to every pixel and viewing in the full 3D PPV space, it

is possible to pick out finer kinematic details than in moment maps

and 2D PV diagrams. Henshaw et al. (2016) reported seeing regular

oscillatory patterns, or “wiggles” in the two coherent gas streams in

the inner 100 pc. As shown in Figures 29 and 30, the same oscilla-

tory pattern is seen in the NH3 data. The detection of these oscilla-

tions with an independent data set, at a different angular resolution

and using a different molecular species to trace the gas, confirms

these are robust kinematic features. We discuss the potential origin

of these features as gravitational instabilities in the gas streams in

Henshaw et al. (2016).

Figure 29 shows oscillatory patterns in the kinematic struc-

ture of both velocity components of the gas in the 1.3 degree cloud.

Although the oscillation length is similar to those in the inner

100 pc, the gas in these clouds does not appear to be self gravitat-

ing (Kruijssen et al. 2014). Therefore, the origin of these features is

unlikely to be related to gravitational instabilities. We are currently

investigating what mechanisms may give rise to such features.

The only region which does not show oscillatory motions in

the kinematic structure is the gas at l > 3◦, known as Clump 2.

Interestingly, this is also the region with the most complicated ve-

locity structure. Figure 31 shows the PPV structure of this region

from two different perspectives. There are clearly several coherent

kinematic components, but without knowing their (relative) line of

sight positions, it is not possible to infer if they are physically con-

nected, or simply projected and overlapping in PPV space. Most

of the coherent velocity components have a constant velocity along

their full extent. The exception to this is are the two features high-

lighted by ellipses in the top panel of Figure 31. These have very

steep velocity gradients, both rising by ∼50 kms−1 over a projected

length of 30 pc (assuming a distance of 8 kpc). Understanding the

origin of the kinematic complexity of Clump 2 remains a challenge.

We now turn to the measured velocity dispersion across the
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Figure 10. NH3 (1,1) peak intensity [top left], integrated intensity (zeroth moment) [top right], velocity-weighted intensity (1st moment) [bottom left], and

intensity-weighted velocity dispersion (2nd moment) [bottom right] maps of HOPS YMC progenitor gas cloud candidate, G003.432−0.351 (Purcell et al.

2012). The contours in all panels show the peak intensity distribution in steps of 20% of the maximum intensity in the map.
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Figure 11. Three-colour images of young massive cluster progenitor gas cloud candidate G003.432−0.351 [Red, HIGAL 70µm (Molinari et al. 2010); green,

8µm GLIMPSE (Churchwell et al. 2009); blue, ATLASGAL 850µ emission (Schuller et al. 2009)]. Crosses are methanol masers (Caswell et al. 2010, 2011)

and plus symbols are HOPS water masers (Walsh et al. 2011, 2014). White contours show the NH3 (1,1) integrated intensity emission.
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Figure 12. NH3 (1,1) peak intensity [top left], integrated intensity (zeroth moment) [top right], velocity-weighted intensity (1st moment) [bottom left], and

intensity-weighted velocity dispersion (2nd moment) [bottom right] maps of HOPS YMC progenitor gas cloud candidate, G316.579+0.054 (Purcell et al.

2012). The contours in all panels show the peak intensity distribution in steps of 20% of the maximum intensity in the map.
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Figure 13. Three-colour images of young massive cluster progenitor gas cloud candidate G316.579+0.054 [Red, HIGAL 70µm (Molinari et al. 2010); green,

8µm GLIMPSE (Churchwell et al. 2009); blue, ATLASGAL 850µ emission (Schuller et al. 2009)]. Crosses are methanol masers (Caswell et al. 2010, 2011)

and plus symbols are HOPS water masers (Walsh et al. 2011, 2014). White contours show the NH3 (1,1) integrated intensity emission.
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Figure 14. NH3 (1,1) peak intensity [top left], integrated intensity (zeroth moment) [top right], velocity-weighted intensity (1st moment) [bottom left], and

intensity-weighted velocity dispersion (2nd moment) [bottom right] maps of HOPS YMC progenitor gas cloud candidate, G330.881−0.371 (Purcell et al.

2012). The contours in all panels show the peak intensity distribution in steps of 20% of the maximum intensity in the map.
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Figure 15. Three-colour images of young massive cluster progenitor gas cloud candidate G330.881−0.371 [Red, HIGAL 70µm (Molinari et al. 2010); green,

8µm GLIMPSE (Churchwell et al. 2009); blue, ATLASGAL 850µ emission (Schuller et al. 2009)]. Crosses are methanol masers (Caswell et al. 2010, 2011)

and plus symbols are HOPS water masers (Walsh et al. 2011, 2014). White contours show the NH3 (1,1) integrated intensity emission.
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Figure 16. NH3 (1,1) peak intensity [top left], integrated intensity (zeroth moment) [top right], velocity-weighted intensity (1st moment) [bottom left], and

intensity-weighted velocity dispersion (2nd moment) [bottom right] maps of HOPS YMC progenitor gas cloud candidate, G338.464+0.034 (Purcell et al.

2012). The contours in all panels show the peak intensity distribution in steps of 20% of the maximum intensity in the map.
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Figure 17. Three-colour images of young massive cluster progenitor gas cloud candidate G338.464+0.034 [Red, HIGAL 70µm (Molinari et al. 2010); green,

8µm GLIMPSE (Churchwell et al. 2009); blue, ATLASGAL 850µ emission (Schuller et al. 2009)]. Crosses are methanol masers (Caswell et al. 2010, 2011)

and plus symbols are HOPS water masers (Walsh et al. 2011, 2014). White contours show the NH3 (1,1) integrated intensity emission.
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Figure 18. NH3 (1,1) peak intensity [top left], integrated intensity (zeroth moment) [top right], velocity-weighted intensity (1st moment) [bottom left], and

intensity-weighted velocity dispersion (2nd moment) [bottom right] maps of HOPS YMC progenitor gas cloud candidate, G341.224−0.274 (Purcell et al.

2012). The contours in all panels show the peak intensity distribution in steps of 20% of the maximum intensity in the map.
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Figure 19. Three-colour images of young massive cluster progenitor gas cloud candidate G341.224−0.274 [Red, HIGAL 70µm (Molinari et al. 2010); green,

8µm GLIMPSE (Churchwell et al. 2009); blue, ATLASGAL 850µ emission (Schuller et al. 2009)]. Crosses are methanol masers (Caswell et al. 2010, 2011)

and plus symbols are HOPS water masers (Walsh et al. 2011, 2014). White contours show the NH3 (1,1) integrated intensity emission.

region. As discussed in § 2.3, the lower NH3(J,K) transitions can

be affected by opacity broadening. However, as shown in Fig-

ures 24, 25, 26 and 27, the trends in velocity dispersion are the same

for all the NH3 transitions. While the absolute velocity dispersion

of the NH3 (1,1) and (2,2) may be overestimated, the relative ve-

locity dispersion of gas over the region should be robust against

opacity-broadening.

The highest velocity dispersions are observed towards the

Sgr B2 and 20 & 50 kms−1 clouds. These clouds contain some of

the most active embedded star formation activity in the Galactic
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Figure 20. NH3 (1,1) peak intensity [top left], integrated intensity (zeroth moment) [top right], velocity-weighted intensity (1st moment) [bottom left], and

intensity-weighted velocity dispersion (2nd moment) [bottom right] maps of HOPS YMC progenitor gas cloud candidate, G350.170+0.070 (Purcell et al.

2012). The contours in all panels show the peak intensity distribution in steps of 20% of the maximum intensity in the map.
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Figure 21. Three-colour images of young massive cluster progenitor gas cloud candidate G350.170+0.070 [Red, HIGAL 70µm (Molinari et al. 2010); green,

8µm GLIMPSE (Churchwell et al. 2009); blue, ATLASGAL 850µ emission (Schuller et al. 2009)]. Crosses are methanol masers (Caswell et al. 2010, 2011)

and plus symbols are HOPS water masers (Walsh et al. 2011, 2014). White contours show the NH3 (1,1) integrated intensity emission.

Centre region (Lu et al. 2015, 2017). It is therefore unclear if these

clouds had intrinsically large velocity dispersions before forming

stars, or whether the affect of stellar feedback may have been re-

sponsible for increasing their velocity dispersions from their pre-

star-formation state.

The remaining regions all contain PPV components with a

large spread in the measured velocity dispersion. However, there

are some broad trends in the relative numbers of low and high ve-

locity dispersion components as a function of longitude. Excluding

the gas associated with known star forming regions, the gas in the
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Figure 22. NH3 (1,1) peak intensity [top left], integrated intensity (zeroth moment) [top right], velocity-weighted intensity (1st moment) [bottom left], and

intensity-weighted velocity dispersion (2nd moment) [bottom right] maps of HOPS YMC progenitor gas cloud candidate, G357.555−0.323 (Purcell et al.

2012). The contours in all panels show the peak intensity distribution in steps of 20% of the maximum intensity in the map.
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Figure 23. Three-colour images of young massive cluster progenitor gas cloud candidate G357.555−0.323 [Red, HIGAL 70µm (Molinari et al. 2010); green,

8µm GLIMPSE (Churchwell et al. 2009); blue, ATLASGAL 850µ emission (Schuller et al. 2009)]. Crosses are methanol masers (Caswell et al. 2010, 2011)

and plus symbols are HOPS water masers (Walsh et al. 2011, 2014). White contours show the NH3 (1,1) integrated intensity emission.

inner 100 pc has a noticeably higher concentration of smaller veloc-

ity dispersion components than the gas outside of the inner 100 pc.

Conversely, the largest concentration of high velocity dispersion

components (again excluding the gas associated with known star

forming regions) is in the centre of the 1.3 degree cloud. The gas at

l ∼ 3◦ is dominated by components with an intermediate velocity

dispersion. We note that this result is very different than the ve-

locity dispersion that would be inferred for the l ∼ 3◦ cloud from

moment analysis. The multiple, overlapping velocity components,

including some with very large projected velocity gradients, would

lead to moment analysis overestimating the intrinsic velocity dis-

persion of this gas by factors of several.

Finally, we note that this new level of kinematic precision may

help understand which mechanism(s) are responsible for driving

gas from the disk of the Milky Way towards the Galactic Centre.

Several gas transport mechanisms have been proposed in the liter-

ature. In those which can be loosely described as “direct-infall”,

gas in the disk feels a torque from the bar, loses angular momen-

tum and falls directly towards the Galactic Centre along the leading

edge of the bar, and x1 and x2 orbits play a major role in the gas

transport (e.g. Sofue 1995; Morris & Serabyn 1996; Bally et al.

2010). In other scenarios, gas within the bar’s inner Linblad res-

onance (∼1 kpc for the Milky Way) is driven inwards by angu-

lar momentum transport induced by acoustic instabilities (Mon-

tenegro et al. 1999; Kruijssen et al. 2014; Krumholz & Kruijssen

2015; Krumholz et al. 2017). Approaching the galactic centre, the

galaxy’s rotation curve turns from flat to solid body and the inward

transport slows down, leading to a build up of gas. This is pre-
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dicted to occur at Galactocentric radii approaching ∼ 100 pc in the

Milky Way (Krumholz & Kruijssen 2015). These different trans-

port mechanisms may not be mutually exclusive and may both op-

erate in the same galaxy with varying influences at different galac-

tocentric radii (Kruijssen 2017).

With the detailed kinematic information above, it may be pos-

sible to test predictions of different gas transport mechanisms. For

example, we note that the observed trend of increasing velocity

dispersion towards a (projected) Galactocentric radius of ∼150 pc

is qualitatively similar to that predicted by the acoustic instability

model of Krumholz & Kruijssen (2015) for the Milky Way. Further

detailed comparisons with predictions from these and other mod-

els/simulations (Emsellem et al. 2015, Ridley et al. (sub)) which

can also be tuned to match conditions in the centre of the Millky

Way, will help explain the origin of the observed kinematic fea-

tures, and ultimately what determines the long-term mass flows and

energy cycles in the Galactic Centre.

6 CONCLUSIONS

We have described the automated spectral-line fitting pipelines de-

veloped to determine the properties of spectral line emission for

HOPS data cubes. We then used this to determine the character-

istic molecular gas properties in the HOPS sample from the NH3

emission.

We find that HOPS NH3 sources in the disk of the Milky Way

associated with methanol and/or water maser emission are warmer

and have larger line widths than NH3 sources with no maser emis-

sion. We conclude the HOPS NH3-only sources in the disk repre-

sent an interesting sample of gas clouds at the earliest evolutionary

phases of high-mass star formation.

Our search to find YMC progenitor candidate clouds using the

HOPS data has proved inconclusive. The main limiting factor in

determining whether or not most of the sources are genuine YMC

progenitor candidates is the uncertainty in the distance. The most

promising candidates are G330.881−0.371, G338.464+0.034 and

G350.170+0.070. If these do lie at the far kinematic distance, and

all the gas is physically associated, the NH3 (1,1) velocity struc-

ture suggests the magnitude of the gas motion is sufficient to bring

the mass to a radius of <1 pc in under 1 Myr. However, the major

caveat for this to occur is that these gas flows must be convergent.

Further analysis of these clouds will form the basis of a subsequent

paper.

Regardless of whether these turn out to be YMC progenitor

clouds or not, one thing is clear – all the potential candidates we

found are already forming stars. Despite relaxing our search crite-

ria from those in Bressert et al. (2012) to find younger sources, and

despite HOPS having sufficient sensitivity and resolution to find

quiescent progenitor clouds, we did not find one. We conclude that

the starless phase for YMC progenitor gas clouds in the disk of the

Galaxy is either non existent, or so short it is effectively not ob-

servable given the small number of YMCs expected to be forming

at any time in the Milky Way.

We used the SCOUSE algorithm of Henshaw et al. (2016) to

fit the complex NH3 spectra in the Galactic Centre. We confirm

the findings of Henshaw et al. (2016) that there are regular velocity

oscillations in the inner 100 pc gas streams. We find there are also

similar oscillatory patterns in the kinematic structure of gas in the

1.3 degree cloud. Although the oscillation length is similar to those

in the inner 100 pc, the gas in these clouds does not appear to be self

gravitating, so the origin of these features is unlikely to be related

to gravitational instabilities. We are currently investigating what

mechanisms may give rise to such features.

The only region which does not show oscillatory motions in

the kinematic structure is the gas at l ∼ 3◦, known as Clump 2 –

the region with the most complicated velocity structure. Most of the

coherent velocity components have a constant velocity along their

full extent. However, two kinematic features have very steep ve-

locity gradients, both rising by ∼50 kms−1 over a projected length

of 30 pc (assuming a distance of 8 kpc). Understanding the origin

of the kinematic complexity of Clump 2 remains a challenge. The

velocity dispersion and latitude extent of the dense gas as a func-

tion of longitude in the Galactic Centre qualitatively matches the

predictions of Krumholz & Kruijssen (2015).

Finally, we provide the output catalogues, fit results, maps

of the derived properties and all the remaining unpublished

data as a resource for future studies through the HOPS website

(http://www.hops.org.au) and online appendices.
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Figure 24. Position-position-velocity (PPV) map of the HOPS NH3(1,1) SCOUSE (Henshaw et al. 2016) fit results for gas detected in the inner 500 pc of the

Galaxy (see text for details). The grey scale on the bottom surface of each panel is the integrated intensity of the NH3(1,1) emission. [Top] The colour and size

of the symbols correspond to the peak brightness temperature of the NH3(1,1) emission at that PPV location, ranging on a linear scale from small, grey dots

at the lowest peak brightness temperature (0.1 K) to large, blue dots at the highest peak brightness temperature (5.8 K). [Bottom] The size of the symbols is

equivalent to those in the top panel. The colour of each pixel however, now corresponds to the velocity dispersion of the emission separated into three ranges:

Yellow: 3.2 km s−1 < σ < 14.5 km s−1; Blue: 14.5 kms−1 < σ < 19.5 km s−1; Red: 19.5 km s−1 < σ < 47.8 km s−1.
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Figure 25. Equivalent to Figure 24 but for the HOPS NH3(2,2) SCOUSE fit results. The colour and size of each pixel in the top panel scales linearly from

small, grey dots at lowest peak brightness temperature (0.1 K) to large, blue dots at the highest peak brightness temperature (4.0 K). The colour of each pixel

in the bottom panel corresponds to the following three ranges: Yellow: 2.2 km s−1 < σ < 12.7 km s−1; Blue: 12.7 km s−1 < σ < 19.9 km s−1; Red:

19.9 km s−1 < σ < 53.9 km s−1.
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Figure 26. Equivalent to Figure 24 but for the HOPS NH3(3,3) SCOUSE fit results. The colour and size of each pixel in the top panel scales linearly from

small, grey dots at lowest peak brightness temperature (0.1 K) to large, blue dots at the highest peak brightness temperature (6.8 K). The colour of each pixel

in the bottom panel corresponds to the following three ranges: Yellow: 2.1 km s−1 < σ < 10.2 km s−1; Blue: 10.2 km s−1 < σ < 19.0 km s−1; Red:

19.0 km s−1 < σ < 62.6 km s−1.
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Figure 27. Equivalent to Figure 24 but for the HOPS NH3(6,6) SCOUSE fit results. The colour and size of each pixel in the top panel scales linearly from

small, grey dots at lowest peak brightness temperature (0.1 K) to large, blue dots at the highest peak brightness temperature (0.8 K). The colour of each pixel

in the bottom panel corresponds to the following three ranges: Yellow: 3.7 km s−1 < σ < 9.6 km s−1; Blue: 9.6 km s−1 < σ < 17.7 km s−1; Red:

17.7 km s−1 < σ < 32.5 km s−1.
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Figure 28. Comparison of the Henshaw et al. (2016) fits to the Jones et al. (2012) Mopra 3mm HNCO emission (grey) and the HOPS NH3 (1,1) emission

(blue). In the overlapping spatial coverage range between the two datasets (longitudes of −0.7◦ . l . 1◦) the NH3 PPV structure closely matches that of the

HNCO, despite the factor ∼4 lower angular resolution. This gives confidence that the SCOUSE fits to these high density tracers are robustly tracing the global

gas kinematics.
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Longmore S. N., Pineda J. E., Parker R. J., Barnes A. T., 2016,

MNRAS, 463, 146
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Figure 29. Equivalent to the top panel of Figure 24, but zoomed into −2.◦0 < l < 2.◦0 and rotated to accentuate oscillatory patterns observed in the gas

kinematic structure.
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Figure 30. Position-position-velocity (PPV) diagram of the HOPS NH3(1,1) SCOUSE (Henshaw et al. 2016) fit results for gas detected towards the gas

stream containing the 20 and 50 kms−1 clouds. The colour and size of the symbols corresponds to the velocity dispersion of the emission separated into four

quartiles: first quartile, small grey symbol, σ = 5−10 kms−1; second quartile, larger blue symbols, σ = 10−15 kms−1; third quartile, larger green symbols,

σ = 15− 20 kms−1; fourth quartile, largest red symbols, σ = 20− 25 kms−1.
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Figure 31. Position-position-velocity (PPV) diagram of the HOPS NH3(1,1) fit results for gas detected towards the region with l > 3.◦0, known as Clump

2. The size and colour of each pixel is equivalent to that presented in the bottom panel of Figure 24. The top panel and bottom panels depict the {l, vLSR}
and {b, vLSR} projections, respectively. The black ellipses in the top panel highlight the kinematic components referred to in the text with steep velocity

gradients.
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8 APPENDIX 1: ADDITIONAL HOPS DATA

Here we make available the remaining HOPS data cubes. In Pa-

per II we described the procedure we used to measured the signal

to noise of the NH3 (1,1) and (2,2) data cubes and provided maps

of the peak signal to noise ratio. In Figures 32, 33, 34 and 35 we

show similar maps illustrating the spatial extent of the NH3(3,3),

NH3(6,6), HC3N and H69α emission3 detected across the 100

square degrees of the survey.

NH3(3,3), NH3(6,6) and HC3N emission traces reservoirs of

dense molecular gas. The maps of these transitions (Figures 32, 33,

34) are dominated by emission within |l| < 4◦, corresponding to

gas in the inner few hundred pc of the Galaxy (the Central Molec-

ular Zone, CMZ). As noted by Longmore et al. (2013), the H69α

emission, which predominantly traces young HII regions, is much

more uniformly distributed. This intriguing lack of correspondence

between the large dense gas reservoir and star formation activity

tracers in the CMZ, and the implications of this for our under-

standing of star formation in other environments, is currently under

active investigation (Longmore et al. 2013; Kruijssen et al. 2014;

Krumholz & Kruijssen 2015; Krumholz et al. 2017).

While the NH3(6,6) emission is only seen towards the CMZ,

the NH3(3,3) and HC3N emission is detected at many other loca-

tions throughout the inner Galaxy, sometime coincident with H69α

emission. Further inspection shows these locations are sites of well-

known, bright star formation regions.

In addition to the H2O masers (presented in Walsh et al. 2008,

3 Note the H69α map is the same data as published in Figure 1 of Long-

more et al. (2013).

2011, 2014), the NH3 (1,1) and NH3(2,2) data (presented in Pa-

per II), and the NH3(3,3), NH3(6,6), HC3N and H69α data pre-

sented above, HOPS also detected emission from several CH3OH

transitions, CS, NH3(2,1) and the H65α and H62α radio re-

combination lines. However, emission from the CH3OH, CS and

NH3(2,1) transitions is only detected towards a small number of

regions – Sgr B2, the l = 2◦ cloud complex, and the G305 star

formation complex. The other recombination lines show a similar

spatial extent as the H69α emission, but suffer from interference

and other imaging artefacts.

We have made all this data, and the fits results described

above, available to the community through the HOPS website –

http://www.hops.org.au.
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Figure 32. Signal-to-noise map of the HOPS NH3(3,3) emission across the 100 square degrees of the survey. The colour bar in the bottom-right corner

provides the conversion of colour in the map to S/N (see Paper II for details of the S/N calculation).
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Figure 33. Signal-to-noise map of the HOPS NH3(6,6) emission across the 100 square degrees of the survey. The colour bar in the bottom-right corner

provides the conversion of colour in the map to S/N (see Paper II for details of the S/N calculation).
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Figure 34. Signal-to-noise map of the HOPS HC3N emission across the 100 square degrees of the survey. The colour bar in the bottom-right corner provides

the conversion of colour in the map to S/N (see Paper II for details of the S/N calculation).
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Figure 35. Signal-to-noise (S/N) map of the HOPS H69α emission across the 100 square degrees of the survey. The colour bar in the bottom-right corner

provides the conversion of colour in the map to S/N (see Paper II for details of the S/N calculation).
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9 APPENDIX 2: ONLINE TABLES

The full versions of Tables 2 and 3 are given below. The full

catalogue is also provided in machine-readable format as a fits

file named “HOPS Paper III catalogue.fits”. This was generated

within TOPCAT (http://www.star.bris.ac.uk/∼mbt/topcat/). Values

in columns 1 − 39 are those that were generated in the catalogue

from Paper II. See that paper for details. Columns 41 to 56 give the

output for the CLASS fit results. Columns 57 to 65 give the out-

put from the SHERPA fit results. In both cases, the abbreviations

Tb, vlsr, fwhm and tau stand for the brightness temperature, LSR

velocity, full-width at half maximum and optical depth at the peak

emission, respectively. The abbreviations “11” and “22” denote the

NH3 (1,1) and (2,2) transitions, respectively. For the CLASS re-

sults, the abbreviation “err” denote that value refers to the uncer-

tainty in the corresponding parameter. For the SHERPA fit results,

the abbreviations “m”, “ex” and “rms” denote the main hyperfine

component of the inversion transition, the excitation temperature

and residual RMS noise level for that transition. Columns 67 to

71 give the values in columns 2 to 6 of Table 3. The remaining

columns are numbers derived from combinations of values in pre-

ceding columns as given in the “Description” value of that column.
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Table 2: Output from the automated spectral line fitting procedure described in § 2. Columns 1 and 2 give the Galactic longitude and latitude of the region taken from the source name in Paper II. Columns 3 to

11 list the best-fit NH3 (1,1) and NH3 (2,2) parameters at the peak pixel towards each region. For each transition, TB is the peak brightness temperature of the main component, VLSR is the line-centre velocity and

∆V is the linewidth. Columns 6 and 7 show the opacity and excitation temperature of the NH3 (1,1) transition. The subscript ‘m’ denotes the main hyperfine component. Column 8 shows the NH3 (2,2) integrated

intensity. A dash denotes no reliable fit was obtained for that parameter.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

0.223 -0.473 2.87 ± 0.39 16.90 ± 0.07 1.96 ± 0.15 1.65 ± 0.49 4.46 0.65 ± 0.20 16.71 ± 0.17 1.08 ± 0.40 0.57

0.238 -0.189 0.74 ± 0.61 76.60 ± 1.55 6.75 ± 3.78 3.37 ± 3.81 2.94 2.05 ± 0.45 79.13 ± 0.75 6.34 ± 1.39 0.30

0.507 -0.321 0.31 ± 0.07 -64.00 ± 0.85 6.69 ± 1.40 0.10 ± 2.74 5.83 2.47 ± 0.69 -64.48 ± 3.40 24.64 ± 7.92 0.09

0.658 -0.213 0.51 ± 0.37 -50.00 ± 0.67 2.60 ± 1.28 1.27 ± 3.13 3.13 0.44 ± 0.16 -59.87 ± 0.22 1.20 ± 0.47 0.35

0.860 -0.067 11.30 ± 1.13 12.80 ± 0.26 15.00 ± 0.90 1.92 ± 0.25 8.61 126.40 ± 2.11 12.67 ± 0.25 31.51 ± 0.64 3.77

0.970 0.065 0.58 ± 0.61 -40.60 ± 0.39 1.58 ± 0.62 0.63 ± 5.14 3.66 0.56 ± 0.16 -23.85 ± 0.20 1.14 ± 0.34 0.46

1.017 -0.242 1.25 ± 0.30 -0.51 ± 0.21 3.46 ± 0.50 1.34 ± 0.77 3.66 -1.07 ± 0.45 11.39 ± 0.43 11.42 ± 3.82 -0.09

1.046 0.346 0.25 ± 0.04 170.00 ± 1.27 17.50 ± 2.38 0.10 ± 0.28 5.21 4.85 ± 1.14 170.82 ± 1.69 20.56 ± 8.04 0.22

1.096 0.055 0.65 ± 0.20 -31.80 ± 0.15 1.00 ± 0.41 0.10 ± 1.06 9.26 1.20 ± 0.46 -37.20 ± 0.53 8.71 ± 3.38 0.13

1.167 0.097 0.38 ± 0.12 37.80 ± 0.22 1.52 ± 0.56 0.10 ± 0.74 6.54 0.50 ± 0.23 55.55 ± 0.71 2.23 ± 1.34 0.21

1.223 -0.447 0.50 ± 0.23 59.50 ± 1.12 7.79 ± 1.85 1.55 ± 1.41 3.05 5.20 ± 0.72 58.38 ± 1.16 17.11 ± 2.86 0.29

1.340 -0.438 0.27 ± 0.17 4.56 ± 0.38 1.44 ± 0.64 0.10 ± 1.35 5.42 1.53 ± 0.63 15.11 ± 3.36 13.59 ± 6.61 0.11

1.374 0.112 0.81 ± 0.23 -17.60 ± 0.17 2.55 ± 0.43 0.90 ± 0.81 3.62 0.29 ± 0.18 18.91 ± 0.22 0.44 ± 13.28 0.61

1.600 -0.004 1.08 ± 0.30 162.00 ± 0.83 13.80 ± 2.40 2.03 ± 0.73 3.26 11.72 ± 0.86 163.90 ± 1.15 30.98 ± 2.52 0.36

1.601 -0.013 1.27 ± 0.45 -196.00 ± 2.35 11.60 ± 3.61 2.28 ± 1.02 3.28 -0.83 ± 0.38 -182.69 ± 1.61 6.54 ± 3.13 -0.12

1.664 -0.068 1.86 ± 0.75 -35.40 ± 0.15 1.29 ± 0.29 4.40 ± 2.70 3.15 - - - -

1.775 0.338 0.24 ± 0.08 -23.80 ± 0.89 4.25 ± 1.56 0.10 ± 0.72 5.14 3.95 ± 0.79 -20.26 ± 2.95 29.86 ± 6.67 0.12

1.861 0.050 0.23 ± 0.05 114.00 ± 1.89 16.90 ± 3.74 0.10 ± 4.69 4.97 0.75 ± 0.31 139.16 ± 0.40 1.91 ± 0.94 0.37

1.886 -0.147 1.09 ± 0.41 -42.30 ± 0.18 1.92 ± 0.34 1.41 ± 1.31 3.50 -1.86 ± 0.75 -28.46 ± 3.33 25.31 ± 13.10 -0.07

1.926 0.109 0.50 ± 0.31 27.60 ± 2.19 14.60 ± 4.51 1.79 ± 1.64 3.01 6.43 ± 0.95 30.91 ± 1.96 28.09 ± 5.06 0.22

1.931 -0.327 - - - - - 0.82 ± 0.23 -40.42 ± 0.45 2.94 ± 0.85 0.26

1.959 -0.113 0.26 ± 0.05 125.00 ± 1.28 12.50 ± 2.55 0.10 ± 0.46 5.30 5.53 ± 0.81 130.84 ± 1.71 23.89 ± 3.86 0.22

2.017 -0.329 0.37 ± 0.09 -15.90 ± 0.69 5.22 ± 1.33 0.10 ± 0.78 6.42 2.68 ± 1.36 -34.64 ± 3.11 59.15 ± 8.63 0.04

2.147 0.274 2.67 ± 1.58 3.67 ± 0.11 0.81 ± 0.20 6.28 ± 5.45 3.15 1.04 ± 0.30 1.99 ± 0.46 2.77 ± 0.62 0.35

2.177 0.048 - - - - - 0.63 ± 0.35 5.10 ± 1.70 4.89 ± 2.78 0.12

2.336 0.067 1.06 ± 0.49 15.10 ± 0.14 1.27 ± 0.32 0.75 ± 1.26 4.14 -0.53 ± 0.21 17.56 ± 0.23 1.01 ± 0.50 -0.49

2.438 0.132 1.49 ± 0.91 1.33 ± 0.14 1.10 ± 0.47 1.41 ± 1.97 3.78 1.35 ± 0.36 9.02 ± 0.40 2.86 ± 0.83 0.44

2.507 -0.032 0.90 ± 0.32 -3.81 ± 1.10 14.10 ± 3.00 1.62 ± 0.84 3.28 10.24 ± 0.76 -0.01 ± 1.00 27.87 ± 2.50 0.35

2.535 0.198 1.98 ± 0.63 9.25 ± 0.12 1.40 ± 0.24 2.07 ± 1.35 3.68 -0.25 ± 0.25 -12.56 ± 0.15 0.43 ± 43.86 -0.56

2.584 -0.193 - - - - - 0.07 ± 0.08 18.37 ± 0.38 0.43 ± 2.17 0.15

2.623 0.236 4.49 ± 1.02 6.06 ± 0.08 1.16 ± 0.17 3.29 ± 1.18 4.09 -0.25 ± 0.18 7.84 ± 0.11 0.43 ± 39.96 -0.55

2.685 0.129 0.56 ± 0.17 17.90 ± 0.23 1.36 ± 0.46 0.10 ± 2.15 8.30 4.05 ± 0.91 7.34 ± 1.26 27.73 ± 6.56 0.14

2.733 -0.162 0.26 ± 0.05 98.50 ± 1.02 12.60 ± 2.80 0.10 ± 1.71 5.29 2.45 ± 0.38 98.89 ± 0.53 6.78 ± 1.08 0.34

2.826 0.048 1.42 ± 0.50 7.96 ± 1.02 10.60 ± 2.44 2.59 ± 1.14 3.27 5.99 ± 0.83 6.92 ± 1.22 17.31 ± 2.55 0.32

2.874 -0.115 0.69 ± 0.43 23.60 ± 1.68 15.20 ± 5.36 2.79 ± 2.08 2.97 2.94 ± 0.73 23.24 ± 2.58 22.73 ± 7.43 0.12

3.002 -0.060 1.23 ± 0.41 -6.46 ± 0.64 18.80 ± 3.38 1.15 ± 0.60 3.79 23.81 ± 1.11 -3.86 ± 0.92 39.47 ± 2.19 0.57

3.025 -0.188 1.03 ± 0.36 97.40 ± 0.73 6.65 ± 1.42 1.99 ± 1.20 3.24 4.39 ± 0.56 99.52 ± 0.50 8.28 ± 1.38 0.50

3.035 0.155 0.55 ± 0.28 -193.00 ± 0.96 14.10 ± 3.49 0.24 ± 0.98 4.98 2.26 ± 0.90 -190.24 ± 2.54 15.97 ± 8.06 0.13

3.145 0.301 - - - - - 13.26 ± 0.03 29.33 ± 0.42 14.29 ± 0.77 0.87

3.304 -0.399 1.32 ± 0.26 6.21 ± 0.14 2.89 ± 0.36 0.94 ± 0.55 4.12 0.85 ± 0.23 6.00 ± 0.49 2.90 ± 0.80 0.28

3.340 0.394 0.20 ± 0.13 -194.00 ± 3.82 13.40 ± 5.44 0.44 ± 0.99 3.19 0.40 ± 0.13 -168.47 ± 0.24 1.26 ± 0.30 0.30
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

3.340 0.396 0.41 ± 0.27 163.00 ± 1.99 14.00 ± 5.61 1.71 ± 1.55 2.96 4.48 ± 0.78 163.97 ± 2.66 29.15 ± 6.34 0.14

3.432 -0.351 3.88 ± 0.45 -25.50 ± 0.09 3.08 ± 0.19 2.75 ± 0.53 4.14 2.40 ± 0.35 -24.71 ± 0.22 3.25 ± 0.71 0.69

3.448 0.008 2.25 ± 0.48 5.11 ± 0.06 1.26 ± 0.17 0.61 ± 0.58 6.42 -2.16 ± 0.90 16.93 ± 0.67 21.46 ± 12.20 -0.09

3.460 -0.212 0.97 ± 0.24 -23.50 ± 0.13 2.59 ± 0.39 0.31 ± 0.59 5.83 -1.09 ± 0.34 -43.29 ± 1.03 6.20 ± 1.87 -0.17

3.680 -0.131 1.24 ± 0.66 4.57 ± 0.14 0.84 ± 0.23 1.79 ± 2.33 3.42 -0.37 ± 0.13 38.20 ± 0.14 0.73 ± 0.30 -0.48

3.736 -0.076 0.78 ± 0.22 4.12 ± 0.20 1.95 ± 0.72 0.10 ± 2.24 10.49 0.66 ± 0.25 -29.98 ± 0.57 2.54 ± 0.84 0.25

3.996 0.344 1.49 ± 0.41 12.30 ± 0.12 1.65 ± 0.34 2.19 ± 1.04 3.41 -0.29 ± 0.09 36.40 ± 0.05 0.43 ± 6.73 -0.63

4.339 -0.046 0.68 ± 0.37 10.80 ± 0.20 1.52 ± 0.36 0.79 ± 1.57 3.59 0.50 ± 0.24 -22.70 ± 0.87 3.11 ± 1.00 0.15

4.780 0.060 2.20 ± 0.61 12.80 ± 0.09 1.57 ± 0.23 0.92 ± 0.78 5.12 - - - -

4.822 0.221 1.47 ± 0.58 13.40 ± 0.15 1.46 ± 0.27 1.43 ± 1.37 3.75 0.32 ± 0.16 -11.20 ± 0.17 0.58 ± 0.43 0.52

4.890 -0.137 2.74 ± 0.61 8.88 ± 0.08 1.35 ± 0.21 2.02 ± 0.85 4.08 0.69 ± 0.26 -1.14 ± 0.27 1.49 ± 0.72 0.44

5.083 -0.101 0.94 ± 0.31 45.40 ± 0.06 1.40 ± 0.21 0.32 ± 0.70 5.71 0.51 ± 0.22 34.73 ± 0.28 1.47 ± 0.84 0.33

5.316 -0.414 0.70 ± 0.23 19.10 ± 0.66 14.20 ± 2.51 0.56 ± 0.54 3.98 11.54 ± 0.85 20.39 ± 1.04 28.21 ± 2.48 0.38

5.359 0.113 2.08 ± 0.60 11.90 ± 0.07 1.03 ± 0.16 1.73 ± 1.07 3.93 0.35 ± 0.13 44.38 ± 0.12 0.61 ± 0.23 0.54

5.381 -0.124 0.17 ± 0.05 38.10 ± 1.94 22.40 ± 4.94 0.10 ± 20.00 4.47 2.42 ± 0.60 35.97 ± 2.84 20.87 ± 4.88 0.11

5.436 -0.340 0.68 ± 0.27 36.20 ± 0.71 5.23 ± 1.22 1.49 ± 1.39 3.18 -1.58 ± 0.70 67.83 ± 1.53 25.55 ± 7.68 -0.06

5.497 -0.243 1.39 ± 0.91 21.20 ± 0.14 0.88 ± 0.35 4.01 ± 3.75 3.07 0.59 ± 0.24 21.01 ± 0.54 2.80 ± 1.57 0.20

5.620 -0.089 2.90 ± 0.32 -26.30 ± 0.06 2.22 ± 0.13 2.78 ± 0.52 3.77 - - - -

5.640 0.239 4.63 ± 0.65 7.69 ± 0.04 1.19 ± 0.10 2.83 ± 0.66 4.36 1.42 ± 0.30 7.80 ± 0.18 1.85 ± 0.59 0.72

5.748 0.233 0.35 ± 0.04 74.10 ± 1.60 15.20 ± 0.98 1.27 ± 0.20 3.00 2.49 ± 0.53 72.36 ± 0.90 8.45 ± 2.04 0.28

5.804 -0.157 0.86 ± 0.53 5.77 ± 0.12 0.96 ± 0.32 0.86 ± 1.79 3.72 0.30 ± 0.12 35.41 ± 0.22 0.95 ± 0.40 0.29

5.874 -0.413 1.78 ± 0.29 8.52 ± 0.15 3.39 ± 0.35 1.46 ± 0.58 3.94 1.95 ± 0.36 9.09 ± 0.21 3.05 ± 0.87 0.60

6.195 -0.368 3.01 ± 0.37 -33.40 ± 0.07 2.47 ± 0.15 2.61 ± 0.55 3.88 2.45 ± 0.30 -33.14 ± 0.23 3.85 ± 0.68 0.60

6.212 -0.133 0.86 ± 0.37 10.40 ± 0.20 2.09 ± 0.57 1.32 ± 1.33 3.37 0.89 ± 0.57 26.91 ± 3.90 13.36 ± 11.63 0.06

6.252 -0.282 0.24 ± 0.07 12.40 ± 0.59 3.83 ± 1.12 0.10 ± 1.22 5.09 0.37 ± 0.12 0.25 ± 0.14 0.89 ± 0.34 0.39

6.564 -0.102 - - - - - - - - -

6.591 -0.314 0.78 ± 0.20 6.32 ± 0.34 4.17 ± 0.61 0.96 ± 0.86 3.54 1.35 ± 0.22 5.83 ± 0.20 2.81 ± 0.59 0.45

6.881 -0.242 4.30 ± 0.51 20.90 ± 0.06 1.98 ± 0.13 1.97 ± 0.45 4.91 1.97 ± 0.28 21.10 ± 0.18 2.55 ± 0.42 0.73

7.128 -0.104 1.26 ± 0.44 17.60 ± 0.09 0.71 ± 0.36 0.87 ± 1.32 4.17 -0.39 ± 0.15 -0.91 ± 0.23 0.88 ± 0.35 -0.41

7.232 -0.111 2.07 ± 0.49 18.40 ± 0.11 1.77 ± 0.24 2.34 ± 1.03 3.61 0.53 ± 0.18 30.87 ± 0.32 1.76 ± 0.58 0.28

7.335 -0.009 2.87 ± 0.66 19.70 ± 0.08 1.43 ± 0.17 1.75 ± 0.85 4.37 1.81 ± 0.37 19.16 ± 0.40 3.48 ± 0.75 0.49

7.386 0.094 0.25 ± 0.09 15.10 ± 1.04 5.47 ± 1.86 0.10 ± 0.92 5.26 0.33 ± 0.12 3.37 ± 0.17 0.79 ± 0.23 0.39

7.443 -0.283 1.03 ± 0.47 27.40 ± 0.35 2.74 ± 0.59 3.32 ± 2.40 3.04 -1.03 ± 0.53 39.52 ± 1.63 9.93 ± 4.15 -0.10

7.633 -0.156 2.05 ± 0.89 154.00 ± 0.11 1.04 ± 0.25 4.48 ± 2.77 3.18 0.44 ± 0.12 153.84 ± 0.12 0.87 ± 0.29 0.47

7.648 -0.085 -0.11 ± 0.07 76.30 ± 3.01 6.66 ± 4.15 0.10 ± 1.49 1.62 1.12 ± 0.46 44.27 ± 1.91 7.69 ± 4.19 0.14

7.975 -0.361 0.56 ± 0.27 133.00 ± 0.24 2.28 ± 0.46 0.96 ± 1.52 3.30 0.24 ± 0.12 115.27 ± 0.16 0.72 ± 0.52 0.31

8.000 -0.272 0.90 ± 0.32 39.90 ± 0.14 1.90 ± 0.29 0.45 ± 0.90 4.73 1.57 ± 0.33 39.47 ± 0.35 3.59 ± 0.92 0.41

8.082 -0.443 1.31 ± 0.41 131.00 ± 0.13 1.62 ± 0.33 1.08 ± 1.03 3.94 0.30 ± 0.12 137.53 ± 0.09 0.43 ± 6.49 0.66

8.173 0.206 2.13 ± 0.38 18.80 ± 0.09 2.18 ± 0.34 1.13 ± 0.54 4.61 1.24 ± 0.25 18.97 ± 0.19 2.01 ± 0.49 0.58

8.204 -0.390 0.54 ± 0.12 141.00 ± 0.21 1.86 ± 0.49 0.10 ± 0.48 8.14 0.54 ± 0.22 154.57 ± 0.25 1.20 ± 0.59 0.42

8.321 -0.101 0.41 ± 0.18 46.20 ± 0.30 1.79 ± 0.56 0.10 ± 29.50 6.83 0.43 ± 0.15 54.94 ± 0.17 0.90 ± 0.29 0.45
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

8.349 0.497 0.22 ± 0.09 -183.00 ± 0.66 3.24 ± 1.00 0.10 ± 2.65 4.96 -3.60 ± 0.93 -183.37 ± 2.70 23.05 ± 7.12 -0.15

8.621 -0.346 3.64 ± 0.36 38.70 ± 0.05 2.01 ± 0.12 1.77 ± 0.35 4.78 1.57 ± 0.23 38.53 ± 0.15 2.27 ± 0.43 0.65

8.642 -0.143 0.30 ± 0.08 31.70 ± 1.15 5.54 ± 1.50 0.10 ± 0.66 5.71 1.75 ± 0.60 32.59 ± 1.91 11.15 ± 4.91 0.15

8.831 -0.036 3.00 ± 0.49 0.24 ± 0.08 1.69 ± 0.16 2.82 ± 0.75 3.79 1.22 ± 0.20 0.49 ± 0.14 1.73 ± 0.37 0.67

9.159 0.048 1.19 ± 0.47 30.60 ± 0.10 1.31 ± 0.24 1.15 ± 1.28 3.76 0.26 ± 0.13 30.02 ± 0.31 1.14 ± 0.49 0.21

9.237 -0.190 3.52 ± 0.54 42.00 ± 0.06 1.57 ± 0.16 2.18 ± 0.62 4.34 2.23 ± 0.34 41.77 ± 0.25 2.90 ± 0.55 0.72

9.621 0.187 1.83 ± 0.31 3.53 ± 0.12 2.85 ± 0.31 1.65 ± 0.57 3.83 1.61 ± 0.22 3.85 ± 0.23 2.90 ± 0.48 0.52

9.846 -0.032 0.66 ± 0.20 37.30 ± 0.15 0.93 ± 0.32 0.10 ± 20.90 9.28 0.20 ± 0.11 36.52 ± 0.13 0.43 ± 8.36 0.44

10.225 -0.286 3.62 ± 0.38 11.50 ± 0.08 3.19 ± 0.22 2.05 ± 0.39 4.49 3.21 ± 0.33 11.56 ± 0.13 2.91 ± 0.43 1.04

10.325 0.493 - - - - - -0.45 ± 0.22 3.13 ± 0.31 1.23 ± 0.87 -0.35

10.478 0.035 1.90 ± 0.30 66.50 ± 0.28 5.33 ± 0.46 1.98 ± 0.59 3.68 3.67 ± 0.40 66.52 ± 0.28 5.53 ± 0.74 0.62

10.615 -0.362 0.91 ± 0.13 -3.03 ± 0.22 3.65 ± 0.66 0.10 ± 0.49 11.84 2.00 ± 0.34 -3.99 ± 0.34 3.47 ± 0.67 0.54

10.624 -0.495 1.80 ± 0.66 -3.37 ± 0.16 1.93 ± 0.45 3.07 ± 1.66 3.31 -0.72 ± 0.20 10.00 ± 0.27 1.70 ± 0.38 -0.40

10.708 -0.161 1.59 ± 0.51 28.50 ± 0.12 1.74 ± 0.32 0.83 ± 0.92 4.63 -0.76 ± 0.26 65.17 ± 0.23 1.42 ± 0.58 -0.51

10.713 -0.308 0.81 ± 0.19 -2.14 ± 0.11 0.71 ± 0.24 0.10 ± 0.51 10.78 -0.42 ± 0.33 -15.89 ± 1.56 3.17 ± 2.59 -0.12

10.963 0.148 0.52 ± 0.13 9.00 ± 0.23 1.70 ± 0.48 0.10 ± 0.67 7.88 -0.31 ± 0.16 -4.46 ± 0.24 0.90 ± 0.41 -0.33

10.979 -0.352 1.47 ± 0.66 -1.13 ± 0.14 1.56 ± 0.43 1.12 ± 1.35 4.04 -1.48 ± 0.67 8.80 ± 4.83 13.27 ± 4.15 -0.11

11.001 -0.157 0.74 ± 0.27 30.40 ± 0.18 0.98 ± 0.47 0.10 ± 0.51 10.13 - - - -

11.060 -0.092 3.88 ± 0.66 29.90 ± 0.07 1.62 ± 0.14 2.64 ± 0.78 4.19 1.41 ± 0.32 29.61 ± 0.23 1.86 ± 0.46 0.71

11.108 -0.383 1.09 ± 0.30 0.22 ± 0.22 3.96 ± 0.51 0.30 ± 0.66 6.41 1.15 ± 0.40 -0.86 ± 0.34 1.85 ± 0.87 0.58

11.300 -0.053 0.83 ± 0.27 30.50 ± 0.17 0.87 ± 0.43 0.10 ± 0.64 10.99 0.54 ± 0.21 40.86 ± 0.21 1.01 ± 0.36 0.50

11.732 -0.062 0.53 ± 0.09 60.70 ± 0.30 3.06 ± 0.57 0.10 ± 2.46 7.99 0.86 ± 0.32 84.40 ± 0.66 3.29 ± 1.16 0.24

11.917 -0.126 1.92 ± 1.20 37.60 ± 0.34 2.51 ± 0.61 6.00 ± 5.42 3.04 0.85 ± 0.20 17.31 ± 0.14 1.00 ± 0.29 0.80

12.209 -0.111 0.93 ± 0.29 27.40 ± 0.24 3.79 ± 0.56 0.29 ± 0.72 5.93 0.82 ± 0.28 23.32 ± 0.40 1.80 ± 0.63 0.43

12.220 0.142 2.15 ± 0.73 39.10 ± 0.11 1.30 ± 0.28 2.13 ± 1.37 3.73 0.33 ± 0.22 72.33 ± 0.31 1.01 ± 0.89 0.31

12.418 -0.132 1.60 ± 0.59 33.00 ± 0.17 1.54 ± 0.40 2.17 ± 1.47 3.46 - - - -

12.516 -0.249 1.31 ± 0.76 35.40 ± 0.18 1.34 ± 0.43 1.31 ± 1.98 3.73 0.58 ± 0.21 -1.65 ± 0.24 1.17 ± 0.34 0.47

12.631 -0.008 2.08 ± 0.46 21.20 ± 0.10 2.06 ± 0.32 0.78 ± 0.60 5.39 1.43 ± 0.28 20.92 ± 0.21 2.01 ± 0.42 0.67

12.680 -0.157 2.53 ± 0.54 54.00 ± 0.21 3.53 ± 0.38 2.78 ± 1.04 3.64 1.50 ± 0.37 53.70 ± 0.21 1.81 ± 0.66 0.78

12.775 0.345 1.87 ± 0.62 17.40 ± 0.10 1.25 ± 0.23 1.85 ± 1.23 3.74 1.79 ± 0.53 15.73 ± 1.57 9.32 ± 2.73 0.18

12.821 -0.482 0.78 ± 0.41 38.60 ± 0.93 4.57 ± 1.37 2.70 ± 2.47 3.02 - - - -

12.901 0.487 2.27 ± 0.46 32.90 ± 0.15 2.73 ± 0.24 2.47 ± 0.92 3.64 -0.67 ± 0.18 45.91 ± 0.12 0.85 ± 0.26 -0.73

12.910 -0.021 3.60 ± 2.19 56.70 ± 0.23 1.77 ± 0.39 6.44 ± 5.48 3.28 1.04 ± 0.31 85.35 ± 0.26 1.54 ± 0.38 0.64

12.958 -0.215 5.21 ± 0.35 36.10 ± 0.06 2.99 ± 0.12 2.21 ± 0.28 5.08 3.82 ± 0.32 35.93 ± 0.12 3.03 ± 0.30 1.18

13.189 -0.339 1.43 ± 0.49 38.30 ± 0.09 1.38 ± 0.34 0.60 ± 0.87 5.11 - - - -

13.208 0.051 3.59 ± 0.53 51.20 ± 0.09 2.31 ± 0.18 2.75 ± 0.69 4.03 2.63 ± 0.35 51.00 ± 0.18 2.76 ± 0.40 0.89

13.274 0.148 0.88 ± 0.26 53.80 ± 0.10 0.84 ± 0.32 0.10 ± 1.13 11.54 -0.52 ± 0.09 59.42 ± 0.03 0.43 ± 2.19 -1.14

13.285 -0.403 0.57 ± 0.11 37.50 ± 0.38 4.30 ± 0.94 0.10 ± 0.33 8.47 0.61 ± 0.25 22.34 ± 0.43 1.68 ± 0.55 0.34

13.316 -0.299 4.55 ± 0.63 40.80 ± 0.05 1.47 ± 0.11 2.70 ± 0.63 4.41 2.52 ± 0.79 39.16 ± 1.99 13.92 ± 5.80 0.17

13.327 0.210 1.84 ± 0.56 17.40 ± 0.10 1.23 ± 0.26 1.27 ± 0.97 4.17 0.24 ± 0.33 -4.28 ± 2.58 3.20 ± 2.78 0.07

13.405 0.287 - - - - - -0.94 ± 0.42 37.14 ± 1.75 7.41 ± 3.26 -0.12
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

13.672 -0.121 0.52 ± 0.13 57.00 ± 0.12 0.71 ± 0.28 0.10 ± 1.12 7.96 0.53 ± 0.18 37.91 ± 0.28 1.59 ± 0.72 0.32

13.738 -0.081 0.70 ± 0.28 49.70 ± 0.79 6.33 ± 1.25 3.27 ± 1.87 2.94 0.29 ± 0.11 38.71 ± 0.11 0.60 ± 0.26 0.45

13.861 0.186 1.79 ± 1.18 45.90 ± 0.27 1.16 ± 0.36 4.37 ± 4.50 3.13 - - - -

13.914 -0.287 1.02 ± 0.33 39.50 ± 0.18 1.12 ± 0.53 0.10 ± 0.44 12.93 -1.16 ± 0.54 28.86 ± 1.15 5.50 ± 3.72 -0.20

13.932 -0.452 1.62 ± 0.34 22.80 ± 0.09 1.93 ± 0.23 0.63 ± 0.56 5.30 1.24 ± 0.30 22.93 ± 0.30 2.07 ± 0.66 0.56

14.010 -0.144 1.53 ± 0.43 40.50 ± 0.10 1.93 ± 0.30 0.58 ± 0.72 5.36 1.71 ± 0.34 39.86 ± 0.43 4.15 ± 0.83 0.39

14.091 0.101 0.82 ± 0.30 9.64 ± 0.28 3.06 ± 0.48 2.27 ± 1.51 3.09 0.65 ± 0.28 -8.67 ± 0.27 1.67 ± 1.23 0.37

14.210 -0.185 3.66 ± 0.49 38.70 ± 0.08 2.29 ± 0.19 2.09 ± 0.53 4.48 2.40 ± 0.30 38.95 ± 0.17 2.59 ± 0.35 0.87

14.214 -0.489 1.52 ± 0.53 20.70 ± 0.11 1.41 ± 0.25 0.86 ± 1.02 4.48 0.84 ± 0.25 21.00 ± 0.27 1.64 ± 0.42 0.48

14.318 -0.161 0.91 ± 0.17 39.50 ± 0.10 0.71 ± 0.81 0.10 ± 1.17 11.79 0.36 ± 0.15 29.83 ± 0.23 1.03 ± 0.42 0.33

14.472 -0.126 1.93 ± 0.40 39.30 ± 0.14 2.58 ± 0.28 1.87 ± 0.79 3.76 2.07 ± 0.36 38.65 ± 0.30 3.33 ± 0.69 0.58

14.486 0.004 0.63 ± 0.24 22.40 ± 0.38 2.00 ± 0.63 0.10 ± 2.07 9.02 0.96 ± 0.64 49.53 ± 4.86 5.86 ± 3.12 0.15

14.513 -0.268 - - - - - 0.36 ± 0.10 54.47 ± 0.10 0.56 ± 0.18 0.60

14.580 -0.368 0.84 ± 0.57 23.50 ± 0.28 1.17 ± 0.43 2.88 ± 3.68 3.02 0.34 ± 0.13 11.38 ± 0.14 0.72 ± 0.29 0.45

14.626 0.023 1.44 ± 0.41 24.90 ± 0.18 2.50 ± 0.34 2.87 ± 1.39 3.23 1.63 ± 0.35 24.34 ± 0.64 5.81 ± 1.55 0.26

14.629 0.328 1.13 ± 0.43 25.70 ± 0.24 2.27 ± 0.52 2.74 ± 1.85 3.14 0.75 ± 0.23 25.81 ± 0.39 1.85 ± 0.80 0.38

14.704 -0.174 1.34 ± 0.36 39.90 ± 0.09 1.51 ± 0.23 0.32 ± 0.66 6.93 -0.36 ± 0.09 47.93 ± 0.05 0.43 ± 8.29 -0.79

14.770 -0.492 0.81 ± 0.60 21.10 ± 0.16 0.94 ± 0.47 0.91 ± 2.37 3.61 - - - -

14.848 0.012 0.36 ± 0.09 27.40 ± 0.38 2.78 ± 0.66 0.10 ± 5.32 6.33 0.60 ± 0.36 55.89 ± 1.77 5.58 ± 4.00 0.10

14.886 -0.164 0.62 ± 0.24 29.40 ± 0.15 1.16 ± 0.66 0.10 ± 3.43 8.96 -0.55 ± 0.22 42.87 ± 0.51 2.32 ± 1.02 -0.22

14.915 -0.072 0.87 ± 0.46 27.90 ± 0.17 1.42 ± 0.44 0.87 ± 1.48 3.72 0.35 ± 0.12 33.10 ± 0.13 0.53 ± 0.45 0.62

14.950 0.037 2.05 ± 0.41 25.20 ± 0.10 2.02 ± 0.25 2.20 ± 0.80 3.66 0.80 ± 0.20 24.59 ± 0.32 2.27 ± 0.54 0.33

15.054 0.092 0.93 ± 0.43 29.70 ± 0.42 3.23 ± 0.60 2.72 ± 2.31 3.07 -0.82 ± 0.36 7.06 ± 1.11 4.28 ± 1.90 -0.18

15.367 0.493 - - - - - 0.58 ± 0.17 27.96 ± 0.29 1.93 ± 0.51 0.28

15.440 0.202 1.26 ± 0.36 47.50 ± 0.17 2.07 ± 0.35 2.36 ± 1.31 3.26 0.15 ± 0.14 25.54 ± 0.68 1.25 ± 0.90 0.11

15.525 -0.411 2.68 ± 0.46 38.60 ± 0.07 1.49 ± 0.15 2.47 ± 0.75 3.81 0.80 ± 0.23 37.83 ± 0.55 3.57 ± 1.05 0.21

15.640 -0.219 0.68 ± 0.34 56.60 ± 0.15 1.24 ± 0.35 0.58 ± 1.21 3.89 -0.07 ± 0.07 23.78 ± 0.21 0.43 ± 0.50 -0.16

15.647 -0.487 1.96 ± 0.29 -5.82 ± 0.09 2.61 ± 0.21 1.17 ± 0.47 4.40 1.69 ± 0.32 -5.74 ± 0.27 3.25 ± 0.84 0.49

16.202 0.473 0.43 ± 0.11 26.70 ± 0.19 1.77 ± 0.56 0.10 ± 0.73 6.99 2.44 ± 0.78 29.08 ± 1.40 36.89 ± 11.62 0.06

16.297 -0.061 1.54 ± 0.52 45.60 ± 0.19 1.99 ± 0.40 2.94 ± 1.63 3.25 -0.64 ± 0.20 35.53 ± 0.23 1.26 ± 0.41 -0.48

16.367 -0.193 2.89 ± 0.48 48.30 ± 0.08 1.77 ± 0.17 1.89 ± 0.65 4.25 1.11 ± 0.20 48.21 ± 0.09 1.08 ± 0.22 0.97

16.594 -0.050 1.29 ± 0.64 59.20 ± 0.42 2.88 ± 0.81 1.63 ± 1.76 3.52 0.87 ± 0.32 51.36 ± 0.08 0.68 ± 0.50 1.20

16.813 -0.336 1.47 ± 0.82 50.90 ± 0.14 1.13 ± 0.41 1.02 ± 1.63 4.17 11.93 ± 9.14 92.72 ± 0.15 4.01 ± 1.43 2.80

16.925 0.284 2.05 ± 1.92 43.70 ± 0.28 1.97 ± 0.88 9.36 ± 10.40 2.94 -0.29 ± 0.26 26.95 ± 1.35 3.46 ± 2.41 -0.08

16.930 -0.080 - - - - - 1.91 ± 1.25 21.62 ± 19.50 59.15 ± 45.67 0.03

16.987 -0.223 0.88 ± 0.20 40.60 ± 0.12 1.08 ± 0.28 0.10 ± 0.73 11.47 3.10 ± 1.48 16.08 ± 15.36 59.15 ± 41.53 0.05

17.460 -0.204 1.11 ± 0.31 52.40 ± 0.08 1.35 ± 0.22 0.87 ± 0.80 4.00 0.36 ± 0.10 63.14 ± 0.22 1.38 ± 0.34 0.24

17.629 0.376 - - - - - -0.48 ± 0.24 -6.34 ± 1.12 3.18 ± 1.34 -0.14

17.642 0.171 1.08 ± 0.37 21.90 ± 0.14 1.54 ± 0.31 0.43 ± 0.90 5.21 1.48 ± 0.37 20.16 ± 0.66 4.75 ± 1.28 0.29

17.671 0.244 0.36 ± 0.08 24.10 ± 0.34 2.93 ± 0.88 0.10 ± 0.54 6.34 -0.38 ± 0.14 38.58 ± 0.18 1.09 ± 0.46 -0.33

18.014 -0.464 0.63 ± 0.47 49.30 ± 0.24 1.63 ± 0.68 1.21 ± 2.29 3.25 2.30 ± 0.89 44.64 ± 3.67 36.02 ± 14.51 0.06
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

18.080 0.042 3.54 ± 0.84 50.90 ± 0.33 2.50 ± 0.36 30.00 ± 16.40 2.84 1.14 ± 0.72 60.19 ± 17.78 32.31 ± 20.12 0.03

18.122 0.359 1.46 ± 0.76 22.40 ± 0.11 0.89 ± 0.26 3.51 ± 2.87 3.14 -0.83 ± 0.29 41.65 ± 1.15 6.63 ± 2.62 -0.12

18.231 -0.272 3.95 ± 0.43 68.00 ± 0.06 2.24 ± 0.15 2.23 ± 0.43 4.50 1.96 ± 0.22 67.52 ± 0.14 2.52 ± 0.31 0.73

18.249 -0.478 0.31 ± 0.13 48.80 ± 0.82 5.36 ± 1.28 0.12 ± 19.10 5.23 -0.31 ± 0.13 85.47 ± 0.14 0.70 ± 0.42 -0.41

18.302 -0.381 1.60 ± 0.49 32.30 ± 0.15 1.98 ± 0.26 3.20 ± 1.69 3.23 1.38 ± 0.25 31.84 ± 0.35 3.68 ± 0.67 0.35

18.330 -0.389 1.66 ± 1.55 32.30 ± 0.25 1.04 ± 0.48 3.25 ± 4.60 3.24 -0.38 ± 0.21 39.59 ± 0.44 1.42 ± 0.63 -0.25

18.372 -0.386 1.16 ± 0.44 43.90 ± 0.15 1.37 ± 0.33 1.91 ± 1.48 3.33 0.49 ± 0.28 22.96 ± 0.89 2.82 ± 2.12 0.16

18.453 0.003 1.15 ± 0.32 52.50 ± 0.18 2.55 ± 0.52 2.16 ± 1.09 3.26 1.31 ± 0.30 51.45 ± 0.55 4.52 ± 1.34 0.27

18.484 -0.169 1.40 ± 0.29 50.50 ± 0.10 0.71 ± 0.23 0.10 ± 0.97 16.73 4.70 ± 1.51 38.45 ± 3.89 19.46 ± 8.96 0.23

18.619 -0.072 1.14 ± 0.39 45.70 ± 0.15 2.00 ± 0.35 0.20 ± 1.58 8.43 2.17 ± 0.50 47.45 ± 0.72 6.11 ± 1.44 0.33

18.631 0.307 0.61 ± 0.30 19.10 ± 0.19 0.86 ± 0.50 0.10 ± 1.09 8.87 0.66 ± 0.21 18.59 ± 0.20 1.17 ± 0.42 0.53

18.658 -0.341 - - - - - 0.81 ± 0.30 -182.03 ± 0.20 1.14 ± 0.51 0.67

18.722 -0.229 8.06 ± 6.31 43.10 ± 0.27 3.04 ± 0.29 21.80 ± 4.00 3.09 0.50 ± 0.29 15.20 ± 0.28 0.90 ± 0.61 0.52

18.798 -0.288 3.04 ± 1.00 65.00 ± 0.12 1.34 ± 0.24 4.36 ± 2.14 3.42 0.96 ± 0.26 64.76 ± 0.24 1.64 ± 0.40 0.55

18.855 -0.478 3.02 ± 0.44 65.50 ± 0.10 2.87 ± 0.25 1.32 ± 0.47 5.01 3.89 ± 0.48 65.35 ± 0.22 3.64 ± 0.65 1.00

18.879 -0.281 1.05 ± 0.51 63.80 ± 0.35 2.80 ± 2.21 1.47 ± 1.67 3.44 -0.21 ± 0.14 37.81 ± 0.16 0.43 ± 2.06 -0.47

18.896 0.042 0.64 ± 0.11 49.20 ± 0.18 2.19 ± 0.45 0.10 ± 0.42 9.15 -0.70 ± 0.28 55.00 ± 0.78 3.64 ± 1.27 -0.18

18.925 -0.023 0.87 ± 0.18 43.30 ± 0.10 0.71 ± 0.80 0.10 ± 1.10 11.41 0.50 ± 0.15 74.88 ± 0.14 0.86 ± 0.26 0.54

18.997 -0.080 1.58 ± 0.99 59.80 ± 0.67 3.51 ± 0.93 7.42 ± 6.19 2.94 0.78 ± 0.19 60.16 ± 0.13 1.05 ± 0.26 0.70

19.003 -0.018 1.95 ± 0.69 59.80 ± 0.17 1.73 ± 0.27 2.85 ± 1.82 3.41 0.98 ± 0.30 59.10 ± 0.35 2.31 ± 0.84 0.40

19.087 -0.288 - - - - - -0.22 ± 0.16 65.77 ± 0.13 0.43 ± 1.81 -0.48

19.098 0.092 0.91 ± 0.15 46.00 ± 0.08 0.71 ± 0.40 0.10 ± 0.53 11.85 0.54 ± 0.21 36.87 ± 0.46 2.22 ± 0.76 0.23

19.210 0.018 - - - - - -0.71 ± 0.19 63.45 ± 0.15 1.05 ± 0.27 -0.63

19.277 0.312 -0.57 ± 0.17 21.10 ± 0.14 0.71 ± 0.21 0.10 ± 5.19 -2.96 -1.12 ± 0.37 -4.08 ± 0.91 5.12 ± 1.55 -0.21

19.293 0.076 2.33 ± 0.39 26.50 ± 0.08 1.95 ± 0.17 2.21 ± 0.69 3.78 0.80 ± 0.19 25.67 ± 0.21 1.62 ± 0.38 0.46

19.374 -0.023 2.21 ± 0.40 26.60 ± 0.11 2.33 ± 0.24 2.18 ± 0.73 3.74 1.46 ± 0.32 26.45 ± 0.38 3.33 ± 0.73 0.41

19.476 0.169 1.03 ± 0.28 21.60 ± 0.19 3.00 ± 0.52 0.97 ± 0.78 3.78 1.20 ± 0.34 21.00 ± 0.60 4.00 ± 1.22 0.28

19.841 -0.419 1.29 ± 0.65 69.20 ± 0.08 2.05 ± 0.44 2.74 ± 2.37 3.20 1.07 ± 0.44 72.46 ± 1.06 4.35 ± 2.02 0.23

19.926 -0.250 1.46 ± 0.35 65.10 ± 0.18 2.47 ± 0.37 2.06 ± 1.01 3.43 2.17 ± 0.70 59.13 ± 2.37 15.51 ± 6.19 0.13

20.481 -0.057 -0.11 ± 0.05 179.00 ± 0.19 9.66 ± 3.42 0.10 ± 1.13 1.70 -0.70 ± 0.45 185.86 ± 2.04 5.93 ± 3.67 -0.11

20.761 0.473 3.21 ± 1.02 29.90 ± 0.06 0.74 ± 0.12 3.07 ± 1.49 3.77 0.55 ± 0.29 13.10 ± 15.65 3.16 ± 1.18 0.16

20.961 -0.434 0.30 ± 0.11 79.30 ± 0.83 4.41 ± 1.85 0.10 ± 0.95 5.70 -1.10 ± 0.50 96.59 ± 0.86 4.04 ± 2.88 -0.26

22.218 0.288 1.05 ± 0.41 115.00 ± 0.11 1.43 ± 0.38 0.78 ± 1.00 4.08 0.53 ± 0.19 95.90 ± 0.54 2.58 ± 0.76 0.19

22.408 0.341 2.30 ± 0.51 83.60 ± 0.07 1.41 ± 0.16 1.41 ± 0.76 4.36 0.88 ± 0.26 82.51 ± 0.26 1.78 ± 0.56 0.46

22.485 -0.212 0.84 ± 0.11 75.80 ± 0.13 1.79 ± 0.29 0.10 ± 2.10 11.10 0.36 ± 0.15 75.10 ± 0.25 0.99 ± 0.42 0.35

22.707 0.398 0.86 ± 0.31 115.00 ± 0.14 1.88 ± 0.38 0.37 ± 0.86 5.04 0.40 ± 0.13 150.47 ± 0.16 0.90 ± 0.28 0.42

22.726 -0.483 1.19 ± 0.76 42.20 ± 0.16 0.71 ± 0.55 2.31 ± 2.81 3.24 - - - -

22.871 -0.427 1.81 ± 0.55 75.50 ± 0.19 2.31 ± 0.39 2.35 ± 1.29 3.50 -0.35 ± 0.35 85.46 ± 0.12 0.43 ± 42.23 -0.76

22.964 0.032 0.58 ± 0.26 59.80 ± 0.21 1.04 ± 0.59 0.10 ± 1.64 8.57 2.89 ± 1.38 103.24 ± 14.96 59.15 ± 38.32 0.05

23.017 -0.405 3.06 ± 0.44 76.10 ± 0.16 3.87 ± 0.28 2.74 ± 0.67 3.84 - - - -

23.209 0.005 1.86 ± 1.02 75.30 ± 0.33 3.03 ± 0.57 5.69 ± 4.35 3.05 2.23 ± 1.48 62.10 ± 16.85 58.90 ± 42.25 0.04
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

23.241 -0.480 0.61 ± 0.14 61.10 ± 0.14 1.32 ± 0.38 0.10 ± 18.60 8.57 0.33 ± 0.12 66.50 ± 0.13 0.58 ± 0.20 0.53

23.265 0.087 1.28 ± 0.53 77.40 ± 0.14 1.39 ± 0.31 1.25 ± 1.36 3.75 -0.69 ± 0.20 62.37 ± 0.10 0.82 ± 0.32 -0.80

23.355 -0.224 1.67 ± 0.26 99.40 ± 0.23 4.97 ± 0.40 1.89 ± 0.57 3.61 2.92 ± 0.43 100.30 ± 0.55 6.92 ± 1.13 0.40

23.365 0.105 0.53 ± 0.09 83.40 ± 0.27 3.06 ± 0.54 0.10 ± 2.47 8.05 - - - -

23.410 0.446 2.69 ± 0.76 107.00 ± 0.13 1.91 ± 0.26 3.56 ± 1.59 3.48 1.22 ± 0.32 108.70 ± 0.41 2.74 ± 0.67 0.42

23.415 -0.102 1.50 ± 0.68 52.60 ± 0.14 1.17 ± 0.27 2.09 ± 1.97 3.44 1.36 ± 0.73 54.02 ± 3.86 14.08 ± 10.14 0.09

23.443 -0.060 1.18 ± 0.78 52.60 ± 0.18 1.10 ± 0.33 1.57 ± 2.38 3.48 -2.16 ± 1.29 101.96 ± 21.76 58.73 ± 41.41 -0.03

23.472 0.092 1.60 ± 0.41 86.20 ± 0.20 2.88 ± 0.46 2.23 ± 1.06 3.44 2.27 ± 0.82 93.65 ± 3.98 20.85 ± 8.41 0.10

23.538 0.222 - - - - - 0.44 ± 0.17 99.21 ± 0.29 1.41 ± 0.67 0.29

23.573 0.032 1.11 ± 0.33 105.00 ± 0.17 2.42 ± 0.41 1.08 ± 0.92 3.75 3.73 ± 1.41 99.20 ± 16.31 49.04 ± 16.48 0.07

23.608 -0.006 4.05 ± 1.05 53.40 ± 0.11 2.09 ± 0.28 5.10 ± 1.85 3.52 0.95 ± 0.27 39.92 ± 0.38 2.48 ± 0.70 0.36

23.647 0.191 0.60 ± 0.21 87.60 ± 0.21 1.31 ± 0.65 0.10 ± 0.65 8.74 -0.25 ± 0.15 54.58 ± 0.33 0.87 ± 0.53 -0.27

23.712 0.180 0.76 ± 0.21 112.00 ± 0.32 4.81 ± 0.61 1.50 ± 0.95 3.23 0.03 ± 0.06 130.49 ± 0.43 0.44 ± 0.43 0.07

23.861 -0.120 0.44 ± 0.08 74.80 ± 0.38 4.04 ± 0.70 0.10 ± 0.30 7.14 0.92 ± 0.81 76.18 ± 5.19 24.70 ± 40.27 0.03

23.976 -0.096 1.07 ± 0.24 72.00 ± 0.22 3.80 ± 0.44 0.61 ± 0.64 4.47 - - - -

23.987 0.494 1.76 ± 0.66 94.20 ± 0.17 1.47 ± 0.28 2.73 ± 1.95 3.37 -0.40 ± 0.18 133.30 ± 0.25 1.09 ± 0.60 -0.34

24.007 0.177 1.30 ± 0.35 81.30 ± 0.17 2.71 ± 0.41 1.01 ± 0.78 4.01 -0.43 ± 0.17 95.28 ± 0.15 0.77 ± 0.39 -0.53

24.118 -0.167 1.58 ± 0.57 80.50 ± 0.20 1.86 ± 0.37 2.65 ± 1.70 3.32 0.48 ± 0.17 50.21 ± 0.19 0.99 ± 0.30 0.45

24.148 0.393 0.56 ± 0.30 94.30 ± 0.27 2.14 ± 0.65 0.55 ± 1.37 3.74 0.05 ± 0.11 59.79 ± 0.52 0.43 ± 38.41 0.10

24.158 0.081 1.38 ± 0.57 51.60 ± 0.14 1.44 ± 0.41 2.04 ± 1.64 3.40 -0.18 ± 0.13 73.84 ± 0.40 0.96 ± 0.65 -0.18

24.173 0.125 -1.33 ± 0.93 90.90 ± 0.17 0.71 ± 0.78 2.09 ± 3.51 2.09 0.88 ± 0.32 113.92 ± 0.69 2.88 ± 1.10 0.29

24.374 0.183 3.25 ± 0.60 113.00 ± 0.12 2.38 ± 0.27 3.26 ± 0.97 3.72 1.22 ± 0.26 112.80 ± 0.25 2.24 ± 0.49 0.51

24.376 0.487 0.73 ± 0.54 102.00 ± 0.14 1.23 ± 0.52 0.61 ± 1.78 3.92 0.16 ± 0.09 104.22 ± 0.08 0.43 ± 10.51 0.36

24.425 -0.220 2.72 ± 0.46 57.80 ± 0.13 2.91 ± 0.24 2.62 ± 0.77 3.76 1.92 ± 0.37 57.72 ± 0.24 2.64 ± 0.66 0.68

24.475 0.478 0.90 ± 0.26 103.00 ± 0.19 3.86 ± 0.47 0.23 ± 0.68 6.57 2.68 ± 0.42 102.40 ± 0.34 4.53 ± 1.02 0.56

24.482 -0.037 3.17 ± 1.60 110.00 ± 0.17 1.68 ± 0.39 5.85 ± 4.15 3.27 1.23 ± 0.34 110.52 ± 0.17 1.59 ± 0.67 0.73

24.529 0.350 3.33 ± 0.75 107.00 ± 0.11 1.86 ± 0.21 3.64 ± 1.28 3.64 0.73 ± 0.19 106.72 ± 0.13 1.05 ± 0.32 0.66

24.549 -0.246 0.58 ± 0.29 98.30 ± 0.46 4.18 ± 1.04 0.31 ± 1.79 4.62 - - - -

24.600 -0.332 2.19 ± 0.67 43.30 ± 0.07 0.71 ± 0.19 1.56 ± 1.39 4.13 -0.59 ± 0.20 6.64 ± 0.32 1.77 ± 0.56 -0.31

24.650 0.164 0.90 ± 0.13 52.80 ± 0.15 1.94 ± 0.34 0.10 ± 1.10 11.72 -0.11 ± 0.11 84.49 ± 0.22 0.43 ± 0.83 -0.24

24.667 -0.145 1.53 ± 0.61 112.00 ± 0.20 2.43 ± 0.65 1.54 ± 1.26 3.72 3.68 ± 0.84 110.13 ± 1.38 11.97 ± 3.92 0.29

24.785 0.095 2.96 ± 0.34 110.00 ± 0.09 3.16 ± 0.22 1.82 ± 0.43 4.35 3.27 ± 0.44 109.54 ± 0.26 4.17 ± 0.78 0.74

24.930 -0.152 2.51 ± 0.80 46.80 ± 0.12 1.71 ± 0.34 1.98 ± 1.16 3.99 0.58 ± 1.43 34.08 ± 18.86 55.05 ± 53.25 0.01

25.159 -0.291 3.26 ± 0.61 63.10 ± 0.07 1.36 ± 0.14 2.42 ± 0.82 4.07 -0.37 ± 0.15 30.35 ± 0.21 0.95 ± 0.34 -0.36

25.386 -0.154 1.29 ± 0.16 94.80 ± 0.15 2.37 ± 0.35 1.04 ± 0.07 3.97 1.99 ± 0.31 94.50 ± 0.24 3.12 ± 0.52 0.60

25.398 -0.353 0.98 ± 0.22 56.00 ± 0.10 0.71 ± 0.14 0.10 ± 0.96 12.53 4.97 ± 1.29 48.35 ± 5.42 38.87 ± 10.83 0.12

25.544 -0.232 0.42 ± 0.11 136.00 ± 0.29 2.04 ± 0.48 0.10 ± 0.94 6.89 1.16 ± 0.34 99.49 ± 0.49 3.48 ± 1.35 0.31

25.608 0.234 1.15 ± 0.41 113.00 ± 0.32 3.41 ± 0.65 2.23 ± 1.50 3.24 0.25 ± 0.10 124.93 ± 0.17 0.43 ± 0.46 0.54

25.617 -0.298 1.80 ± 0.55 11.80 ± 0.07 0.71 ± 0.05 3.20 ± 1.92 3.29 0.28 ± 0.18 12.23 ± 0.49 1.39 ± 0.97 0.19

25.668 -0.143 1.17 ± 0.36 93.50 ± 0.11 1.96 ± 0.33 0.27 ± 0.78 7.14 0.69 ± 0.21 81.28 ± 0.38 2.23 ± 0.58 0.29

25.702 -0.052 5.59 ± 5.57 98.60 ± 0.25 1.41 ± 0.32 22.40 ± 4.88 2.97 0.40 ± 0.11 69.27 ± 0.04 0.43 ± 2.36 0.88
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

25.735 0.223 1.38 ± 0.76 110.00 ± 0.50 3.59 ± 0.79 4.90 ± 4.08 3.01 1.27 ± 0.38 106.95 ± 0.49 3.79 ± 1.54 0.32

25.799 -0.037 0.86 ± 0.52 91.10 ± 0.14 0.85 ± 0.25 0.96 ± 2.00 3.63 -0.84 ± 0.22 101.14 ± 0.27 2.00 ± 0.65 -0.39

25.828 -0.177 1.36 ± 0.38 93.20 ± 0.16 2.28 ± 0.36 1.90 ± 1.03 3.44 2.16 ± 0.36 93.23 ± 0.41 4.89 ± 0.93 0.41

26.274 0.148 - - - - - -0.37 ± 0.26 92.06 ± 0.72 1.74 ± 0.87 -0.20

26.277 -0.068 0.41 ± 0.22 97.70 ± 1.54 10.10 ± 3.20 1.85 ± 1.46 2.95 0.28 ± 0.07 94.80 ± 0.05 0.43 ± 2.99 0.61

26.523 0.284 0.73 ± 0.24 101.00 ± 0.28 4.57 ± 0.65 0.27 ± 0.89 5.42 2.39 ± 0.78 103.08 ± 2.90 16.62 ± 7.22 0.14

26.566 -0.300 0.87 ± 0.33 108.00 ± 0.30 3.24 ± 0.77 1.31 ± 1.14 3.39 0.83 ± 0.20 106.84 ± 0.21 1.71 ± 0.48 0.45

26.824 0.244 - - - - - 4.89 ± 1.23 112.60 ± 4.24 35.01 ± 10.11 0.13

27.033 0.207 0.91 ± 0.28 86.30 ± 0.12 0.90 ± 0.38 0.10 ± 0.65 11.81 0.35 ± 0.15 118.15 ± 0.13 0.64 ± 0.35 0.52

27.278 0.152 0.88 ± 0.26 30.60 ± 0.20 3.12 ± 0.44 0.57 ± 0.79 4.29 2.70 ± 0.61 33.77 ± 1.12 11.05 ± 3.24 0.23

27.369 -0.160 1.43 ± 0.23 91.30 ± 0.15 3.38 ± 0.30 1.86 ± 0.61 3.49 1.25 ± 0.27 91.51 ± 0.38 3.78 ± 1.13 0.31

27.464 0.120 0.63 ± 0.22 99.40 ± 0.37 1.83 ± 0.95 0.10 ± 2.77 9.04 0.51 ± 0.20 112.62 ± 0.18 0.83 ± 0.29 0.58

27.563 0.077 1.17 ± 0.22 84.20 ± 0.14 3.10 ± 0.31 1.88 ± 0.69 3.35 0.94 ± 0.23 84.41 ± 0.58 4.41 ± 1.07 0.20

27.669 0.112 0.41 ± 0.10 98.80 ± 0.35 2.36 ± 0.79 0.10 ± 19.70 6.82 -0.62 ± 0.27 112.04 ± 0.40 2.22 ± 0.98 -0.26

27.751 0.171 1.13 ± 0.68 78.10 ± 0.14 0.89 ± 0.28 1.77 ± 2.26 3.36 0.44 ± 0.16 40.85 ± 0.28 1.38 ± 0.38 0.30

27.774 0.068 1.65 ± 0.24 100.00 ± 0.10 2.52 ± 0.20 1.62 ± 0.56 3.74 0.85 ± 0.24 99.48 ± 0.61 3.99 ± 1.02 0.20

27.969 -0.450 1.93 ± 0.72 44.90 ± 0.11 0.71 ± 0.21 5.09 ± 3.11 3.10 1.19 ± 0.41 68.27 ± 1.65 9.00 ± 3.05 0.12

27.977 0.082 0.76 ± 0.46 75.30 ± 0.26 1.78 ± 0.56 2.08 ± 2.51 3.09 0.61 ± 0.25 51.13 ± 0.42 2.23 ± 1.45 0.26

28.053 -0.104 - - - - - -1.20 ± 0.37 57.07 ± 0.37 2.58 ± 1.11 -0.44

28.205 -0.045 0.93 ± 0.32 95.60 ± 0.30 3.43 ± 0.85 0.88 ± 0.97 3.77 -0.57 ± 0.23 102.28 ± 0.33 1.53 ± 0.55 -0.35

28.217 0.016 1.18 ± 0.64 77.30 ± 0.15 1.30 ± 0.55 1.12 ± 1.54 3.78 0.61 ± 0.31 88.63 ± 0.88 2.29 ± 1.54 0.25

28.276 -0.160 0.74 ± 0.10 79.60 ± 0.19 2.74 ± 0.41 0.10 ± 1.21 10.18 0.42 ± 0.17 79.55 ± 0.21 1.00 ± 0.43 0.40

28.290 -0.352 2.91 ± 0.77 48.20 ± 0.12 1.83 ± 0.25 3.85 ± 1.54 3.48 1.17 ± 0.26 47.79 ± 0.24 1.97 ± 0.50 0.56

28.309 -0.396 2.02 ± 1.54 48.40 ± 0.23 1.40 ± 0.49 4.77 ± 4.88 3.15 -0.91 ± 0.28 54.17 ± 0.56 3.19 ± 0.89 -0.27

28.366 0.078 3.34 ± 0.41 79.10 ± 0.09 3.05 ± 0.21 1.82 ± 0.45 4.56 2.80 ± 0.46 79.10 ± 0.29 4.12 ± 0.94 0.64

28.442 -0.010 0.69 ± 0.23 98.50 ± 0.15 0.99 ± 0.29 0.10 ± 18.60 9.61 1.10 ± 0.32 107.33 ± 0.50 3.10 ± 0.81 0.33

28.472 0.195 1.13 ± 0.48 101.00 ± 0.14 1.56 ± 0.44 1.68 ± 1.43 3.40 -9.73 ± 9.51 150.25 ± 16.57 0.49 ± 50.73 -18.55

28.570 -0.223 3.15 ± 0.41 85.90 ± 0.11 3.23 ± 0.20 2.91 ± 0.63 3.81 1.51 ± 0.36 86.35 ± 0.34 2.98 ± 0.89 0.47

28.602 0.025 0.41 ± 0.12 101.00 ± 0.37 2.45 ± 0.76 0.10 ± 0.88 6.82 0.63 ± 0.18 100.68 ± 0.10 0.76 ± 0.27 0.78

28.660 0.041 0.68 ± 0.34 104.00 ± 0.48 3.79 ± 1.20 1.21 ± 1.57 3.29 0.30 ± 0.17 87.18 ± 0.31 0.95 ± 0.59 0.30

28.660 0.137 1.74 ± 0.86 78.40 ± 0.14 1.05 ± 0.32 2.93 ± 2.44 3.32 -0.43 ± 0.17 115.36 ± 0.23 0.95 ± 0.42 -0.43

28.704 -0.287 3.00 ± 0.76 88.50 ± 0.10 1.46 ± 0.21 2.85 ± 1.22 3.78 -0.21 ± 0.14 62.38 ± 0.33 0.48 ± 8.23 -0.41

28.798 0.182 2.14 ± 1.77 105.00 ± 0.15 1.22 ± 0.47 6.07 ± 7.36 3.08 0.36 ± 0.17 127.74 ± 0.35 1.19 ± 0.61 0.29

28.804 -0.020 0.95 ± 0.56 100.00 ± 0.18 1.34 ± 0.43 1.79 ± 2.30 3.26 -0.52 ± 0.26 75.75 ± 0.36 3.67 ± 1.37 -0.13

28.822 0.368 4.50 ± 4.34 85.80 ± 0.15 1.71 ± 0.17 16.50 ± 2.46 3.00 0.77 ± 0.28 83.92 ± 0.47 2.78 ± 1.34 0.26

28.853 -0.233 1.18 ± 0.50 86.50 ± 0.26 2.41 ± 0.63 1.81 ± 1.51 3.38 -0.49 ± 0.17 55.80 ± 0.18 0.91 ± 0.28 -0.50

29.115 -0.309 0.70 ± 0.42 94.60 ± 0.26 1.97 ± 0.63 0.96 ± 1.74 3.45 0.36 ± 0.16 114.83 ± 0.23 0.94 ± 0.57 0.36

29.120 0.037 0.65 ± 0.22 96.40 ± 0.28 3.56 ± 0.63 1.41 ± 1.15 3.19 0.44 ± 0.11 125.11 ± 0.10 0.80 ± 0.26 0.52

29.131 0.103 0.66 ± 0.46 91.90 ± 0.29 2.17 ± 1.51 2.10 ± 2.15 3.04 - - - -

29.214 0.048 0.73 ± 0.43 93.80 ± 0.19 1.68 ± 0.87 0.73 ± 1.30 3.73 0.60 ± 0.20 119.21 ± 0.30 1.84 ± 0.69 0.30

29.303 0.135 1.61 ± 0.64 95.30 ± 0.14 1.53 ± 0.33 3.91 ± 2.34 3.14 2.65 ± 0.99 86.41 ± 1.89 36.31 ± 17.57 0.07
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

29.304 -0.318 0.95 ± 0.35 96.40 ± 0.08 0.71 ± 0.11 1.55 ± 1.70 3.34 0.27 ± 0.08 99.07 ± 0.04 0.43 ± 1.01 0.59

29.394 -0.100 0.39 ± 0.21 103.00 ± 0.92 5.72 ± 1.35 1.04 ± 1.67 3.10 0.38 ± 0.13 103.12 ± 0.14 0.79 ± 0.33 0.45

29.419 0.361 0.46 ± 0.16 0.23 ± 0.14 0.98 ± 0.50 0.10 ± 3.04 7.28 -0.73 ± 0.28 -18.42 ± 1.01 4.85 ± 2.20 -0.14

29.552 0.185 0.84 ± 0.15 79.10 ± 0.11 1.27 ± 0.28 0.10 ± 6.53 11.06 -0.66 ± 0.26 98.47 ± 0.80 3.66 ± 1.52 -0.17

29.904 -0.225 0.34 ± 0.12 95.30 ± 0.33 1.77 ± 0.66 0.10 ± 1.12 6.08 3.06 ± 1.08 103.03 ± 2.83 49.34 ± 17.12 0.06

29.939 -0.031 1.96 ± 0.26 101.00 ± 0.11 3.37 ± 0.32 1.16 ± 0.40 4.41 1.65 ± 0.24 100.48 ± 0.14 2.18 ± 0.43 0.71

29.987 -0.157 1.50 ± 0.69 97.30 ± 0.12 0.71 ± 0.72 4.76 ± 3.65 3.04 0.41 ± 0.16 70.43 ± 0.18 0.91 ± 0.44 0.43

299.772 0.043 2.07 ± 1.13 -199.00 ± 0.34 1.79 ± 0.61 1.21 ± 2.03 4.44 -0.77 ± 0.25 -171.31 ± 0.15 0.82 ± 0.20 -0.89

300.344 0.170 0.20 ± 0.06 194.00 ± 1.26 5.82 ± 2.11 0.10 ± 0.98 4.67 1.18 ± 0.47 176.44 ± 1.26 5.98 ± 2.33 0.19

301.278 -0.213 0.52 ± 0.34 -37.90 ± 0.22 1.54 ± 0.43 0.29 ± 3.56 4.54 0.41 ± 0.16 -46.01 ± 0.31 1.41 ± 0.63 0.27

301.677 0.253 1.59 ± 0.56 -38.60 ± 0.14 1.56 ± 0.31 3.06 ± 1.68 3.24 1.77 ± 0.30 -38.57 ± 0.35 4.22 ± 0.85 0.39

302.008 0.058 - - - - - 0.57 ± 0.20 195.83 ± 0.24 1.22 ± 0.42 0.44

302.387 0.287 0.52 ± 0.11 -44.40 ± 0.22 2.25 ± 0.63 0.10 ± 2.07 7.93 -0.50 ± 0.16 -79.41 ± 0.17 0.98 ± 0.31 -0.48

303.973 0.460 0.59 ± 0.13 -42.60 ± 0.17 1.66 ± 0.44 0.10 ± 1.22 8.61 -0.35 ± 0.12 -71.18 ± 0.12 0.61 ± 0.19 -0.54

304.083 0.419 1.22 ± 0.56 -42.70 ± 0.43 3.22 ± 0.64 3.34 ± 2.60 3.09 - - - -

304.186 -0.384 0.29 ± 0.13 145.00 ± 0.30 1.82 ± 1.15 0.10 ± 0.56 5.62 -0.39 ± 0.14 128.32 ± 0.26 1.28 ± 0.39 -0.29

304.557 0.330 0.46 ± 0.12 -44.20 ± 0.24 2.26 ± 0.73 0.10 ± 0.65 7.36 -0.36 ± 0.21 -37.29 ± 0.88 2.30 ± 1.42 -0.15

305.213 -0.005 1.43 ± 0.29 -32.50 ± 0.24 4.46 ± 0.50 1.55 ± 0.69 3.65 3.36 ± 0.44 -30.80 ± 0.56 8.55 ± 1.27 0.37

305.231 0.279 2.99 ± 0.37 -40.00 ± 0.07 2.59 ± 0.18 1.37 ± 0.40 4.91 2.90 ± 0.32 -40.13 ± 0.21 3.90 ± 0.50 0.70

305.377 0.213 1.60 ± 0.33 -37.80 ± 0.18 3.62 ± 0.42 1.45 ± 0.69 3.83 2.25 ± 0.38 -38.51 ± 0.24 3.44 ± 0.87 0.62

305.517 0.360 0.62 ± 0.36 -39.50 ± 0.26 2.13 ± 0.63 0.79 ± 1.57 3.52 -0.67 ± 0.14 -47.02 ± 0.11 1.05 ± 0.23 -0.60

305.556 0.008 0.53 ± 0.08 -38.50 ± 0.27 3.48 ± 0.55 0.10 ± 0.44 8.06 -0.87 ± 0.26 -15.59 ± 0.32 2.25 ± 0.86 -0.36

305.705 0.028 0.40 ± 0.09 -37.10 ± 0.28 2.67 ± 0.86 0.10 ± 2.09 6.71 - - - -

305.804 -0.099 1.07 ± 0.24 -41.70 ± 0.14 1.59 ± 0.45 0.10 ± 3.02 13.43 0.62 ± 0.19 -28.57 ± 0.17 1.07 ± 0.36 0.54

305.903 0.022 0.90 ± 0.43 -34.20 ± 0.16 1.27 ± 0.34 1.18 ± 1.55 3.49 - - - -

306.039 0.497 0.37 ± 0.13 -191.00 ± 0.44 2.31 ± 0.80 0.10 ± 5.16 6.38 - - - -

306.290 -0.182 0.80 ± 0.39 -27.70 ± 0.28 2.34 ± 0.76 1.32 ± 1.59 3.33 - - - -

306.326 -0.324 0.74 ± 0.27 -20.30 ± 0.40 3.86 ± 0.84 1.50 ± 1.38 3.22 -0.35 ± 0.12 3.40 ± 0.14 0.68 ± 0.20 -0.48

306.899 -0.067 0.52 ± 0.11 -28.80 ± 0.22 1.91 ± 0.36 0.10 ± 0.30 7.95 -2.76 ± 1.23 -37.62 ± 4.62 55.42 ± 55.11 -0.05

307.221 0.103 0.68 ± 0.15 -29.10 ± 0.15 1.33 ± 0.34 0.10 ± 3.67 9.42 -2.48 ± 0.66 -23.35 ± 4.02 15.93 ± 5.24 -0.15

308.103 -0.454 - - - - - 0.39 ± 0.15 -71.72 ± 0.21 0.88 ± 0.36 0.41

308.793 0.192 1.53 ± 0.64 -50.30 ± 0.16 1.49 ± 0.38 2.69 ± 1.88 3.29 0.35 ± 0.10 -12.61 ± 0.05 0.43 ± 2.16 0.78

308.945 0.153 0.44 ± 0.08 -51.50 ± 0.37 3.76 ± 0.76 0.10 ± 0.39 7.11 0.48 ± 0.38 -35.16 ± 3.65 8.20 ± 5.18 0.06

309.023 -0.419 0.46 ± 0.11 -49.20 ± 0.22 1.81 ± 0.51 0.10 ± 2.14 7.37 -0.35 ± 0.12 -17.81 ± 0.15 0.89 ± 0.33 -0.37

309.048 -0.246 - - - - - -0.50 ± 0.12 13.97 ± 0.12 0.90 ± 0.20 -0.52

309.115 -0.225 0.45 ± 0.12 -45.50 ± 0.34 2.24 ± 0.73 0.10 ± 0.76 7.17 -0.14 ± 0.12 -48.85 ± 0.13 0.43 ± 2.95 -0.31

309.134 0.131 - - - - - -0.36 ± 0.09 -27.96 ± 0.04 0.43 ± 0.59 -0.79

309.140 -0.188 0.70 ± 0.13 -45.20 ± 0.12 1.35 ± 0.32 0.10 ± 1.56 9.71 0.10 ± 0.20 -28.35 ± 5.33 1.01 ± 7.16 0.10

309.144 0.149 - - - - - -0.65 ± 0.17 -188.43 ± 0.23 1.59 ± 0.34 -0.38

309.153 -0.347 0.59 ± 0.19 -42.20 ± 0.28 3.59 ± 0.55 0.89 ± 0.90 3.38 0.36 ± 0.14 -76.97 ± 0.24 0.99 ± 0.52 0.34

309.217 -0.452 1.58 ± 0.49 -40.60 ± 0.14 1.73 ± 0.27 3.35 ± 1.64 3.20 2.16 ± 0.61 -54.02 ± 2.29 17.31 ± 6.05 0.12

c©
2
0
1
0

R
A

S
,
M

N
R

A
S

0
0
0
,

?
?
–
?
?



4
4

S
.N

.L
o

n
g

m
o

re
et

a
l.

Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

309.379 -0.122 0.78 ± 0.33 -50.80 ± 0.21 2.23 ± 0.42 0.29 ± 1.51 5.38 0.92 ± 0.24 -50.57 ± 0.35 2.55 ± 0.72 0.34

309.908 0.322 0.91 ± 0.12 -59.80 ± 0.20 3.06 ± 0.49 0.10 ± 0.37 11.81 -0.02 ± 4.15 -58.41 ± 16.44 2.16 ± 47.13 -0.01

309.916 0.484 - - - - - 0.55 ± 0.21 -43.18 ± 0.19 1.01 ± 0.37 0.51

310.016 0.384 1.58 ± 0.57 -41.60 ± 0.27 2.95 ± 0.68 3.26 ± 1.82 3.21 -0.40 ± 0.16 -46.88 ± 0.17 0.83 ± 0.31 -0.46

310.218 0.382 0.62 ± 0.17 -32.70 ± 0.13 0.71 ± 0.57 0.10 ± 19.10 8.90 - - - -

310.390 -0.301 1.61 ± 0.76 -52.90 ± 0.14 1.15 ± 0.28 2.81 ± 2.26 3.30 0.04 ± 0.11 -24.61 ± 0.52 0.43 ± 2.66 0.09

310.660 -0.226 1.43 ± 0.27 -54.00 ± 0.14 3.16 ± 0.31 1.88 ± 0.69 3.49 0.76 ± 0.28 -55.80 ± 0.94 4.51 ± 1.53 0.16

310.686 0.011 0.51 ± 0.13 -51.90 ± 0.29 2.18 ± 0.71 0.10 ± 1.39 7.84 -0.58 ± 0.27 -28.43 ± 0.81 3.00 ± 1.32 -0.18

310.866 -0.000 0.73 ± 0.30 -58.40 ± 0.28 2.65 ± 0.72 1.20 ± 1.36 3.33 -0.30 ± 0.12 -24.77 ± 0.17 0.72 ± 0.21 -0.39

311.214 0.250 0.61 ± 0.37 -35.70 ± 0.66 3.58 ± 1.78 0.65 ± 1.55 3.66 0.48 ± 0.50 -12.48 ± 21.37 4.74 ± 3.23 0.10

311.309 0.260 0.56 ± 0.21 -37.20 ± 0.18 1.03 ± 0.48 0.10 ± 2.09 8.32 -1.18 ± 0.48 -51.72 ± 1.59 6.20 ± 2.38 -0.18

311.440 0.370 0.99 ± 0.44 -36.20 ± 0.27 2.31 ± 0.66 1.00 ± 1.55 3.71 0.62 ± 0.14 -45.37 ± 0.04 0.43 ± 0.99 1.36

311.582 0.306 1.77 ± 0.55 -48.10 ± 0.21 2.42 ± 0.51 1.78 ± 1.18 3.72 - - - -

311.758 0.024 1.79 ± 1.05 -50.70 ± 0.27 1.34 ± 0.50 2.86 ± 2.94 3.35 0.53 ± 0.22 -47.86 ± 0.20 0.51 ± 0.48 0.97

311.915 0.217 0.46 ± 0.12 -50.20 ± 0.58 3.96 ± 1.00 0.10 ± 0.92 7.33 -4.56 ± 2.06 -44.66 ± 16.64 45.31 ± 19.32 -0.09

312.080 0.079 2.13 ± 0.65 -44.50 ± 0.26 2.98 ± 0.60 2.85 ± 1.42 3.47 -1.74 ± 0.55 -53.48 ± 1.24 7.37 ± 2.12 -0.22

312.090 0.294 2.20 ± 0.73 -51.00 ± 0.15 1.65 ± 0.41 2.09 ± 1.31 3.78 1.34 ± 0.43 -50.30 ± 0.74 4.16 ± 1.08 0.30

313.352 -0.464 0.49 ± 0.15 -42.60 ± 0.33 2.32 ± 0.69 0.10 ± 22.70 7.66 0.66 ± 0.23 -12.22 ± 0.26 1.32 ± 0.46 0.47

313.728 -0.299 2.19 ± 0.61 -44.30 ± 0.11 1.86 ± 0.36 1.59 ± 0.94 4.10 1.84 ± 0.58 -40.64 ± 1.58 9.26 ± 2.83 0.19

314.227 0.240 1.14 ± 0.12 -61.10 ± 0.15 2.85 ± 0.49 0.10 ± 0.84 14.12 4.26 ± 1.14 -64.27 ± 4.05 32.58 ± 10.81 0.12

314.281 0.416 1.88 ± 0.58 -62.20 ± 0.13 1.41 ± 0.29 2.71 ± 1.44 3.42 3.31 ± 0.91 -68.62 ± 4.04 30.14 ± 8.19 0.10

314.298 0.095 2.47 ± 0.48 -51.70 ± 0.16 2.95 ± 0.36 2.69 ± 0.91 3.64 0.70 ± 0.23 -52.05 ± 0.28 1.61 ± 0.56 0.41

314.326 -0.059 -0.56 ± 0.22 -57.50 ± 0.15 0.71 ± 0.20 0.10 ± 0.62 -2.92 1.40 ± 0.39 -74.47 ± 0.54 3.63 ± 0.93 0.36

314.674 0.230 - - - - - 0.40 ± 0.15 -82.79 ± 0.20 0.95 ± 0.37 0.40

316.046 0.082 2.79 ± 1.54 -48.40 ± 0.16 1.31 ± 0.32 5.55 ± 4.51 3.23 -1.09 ± 0.34 -57.35 ± 0.45 2.37 ± 0.77 -0.43

316.392 -0.471 1.78 ± 0.56 -47.20 ± 0.07 0.71 ± 0.14 1.64 ± 1.48 3.81 -0.34 ± 0.12 -59.99 ± 0.10 0.57 ± 0.21 -0.56

316.579 0.054 0.63 ± 0.21 -38.20 ± 0.15 1.07 ± 0.51 0.10 ± 0.93 8.99 0.15 ± 0.09 -0.75 ± 0.13 0.43 ± 0.63 0.34

316.752 0.004 4.77 ± 0.32 -40.30 ± 0.05 2.95 ± 0.11 1.92 ± 0.25 5.21 4.42 ± 0.28 -40.33 ± 0.10 3.17 ± 0.25 1.31

317.389 0.119 1.18 ± 0.14 -41.10 ± 0.14 2.38 ± 0.34 0.10 ± 0.42 14.53 1.21 ± 0.27 -41.38 ± 0.21 1.94 ± 0.52 0.59

317.557 0.092 1.78 ± 0.52 -46.30 ± 0.09 1.36 ± 0.24 0.81 ± 0.82 4.93 0.83 ± 0.31 -52.92 ± 0.56 2.79 ± 1.19 0.28

317.700 0.119 2.83 ± 0.59 -44.30 ± 0.09 1.78 ± 0.24 1.84 ± 0.74 4.26 2.50 ± 0.49 -45.98 ± 0.69 6.40 ± 1.55 0.37

317.866 -0.149 0.93 ± 0.16 -40.50 ± 0.17 1.96 ± 0.42 0.10 ± 0.27 12.01 0.56 ± 0.28 -3.20 ± 0.37 1.48 ± 0.77 0.36

317.883 -0.249 1.60 ± 0.37 -36.60 ± 0.32 4.78 ± 0.55 1.54 ± 0.80 3.76 1.27 ± 0.51 -54.73 ± 0.97 4.27 ± 2.14 0.28

318.041 0.096 1.25 ± 0.24 -50.40 ± 0.13 1.38 ± 0.36 0.10 ± 0.49 15.22 0.68 ± 0.28 -65.70 ± 0.32 1.48 ± 0.68 0.43

318.158 -0.348 0.71 ± 0.24 -43.00 ± 0.23 2.33 ± 0.50 0.42 ± 0.91 4.43 -0.28 ± 0.12 -24.34 ± 0.19 0.81 ± 0.29 -0.33

318.574 -0.189 0.74 ± 0.34 -46.80 ± 0.11 0.71 ± 1.45 0.60 ± 1.54 3.96 -0.27 ± 0.08 -36.95 ± 0.06 0.43 ± 1.29 -0.59

318.692 -0.248 1.07 ± 0.53 -48.30 ± 0.10 1.03 ± 0.34 1.26 ± 1.60 3.57 -0.25 ± 0.16 -37.42 ± 0.15 0.73 ± 0.79 -0.32

318.778 -0.417 - - - - - -0.19 ± 0.18 -14.83 ± 1.23 2.28 ± 2.54 -0.08

318.783 -0.131 3.38 ± 0.34 -38.20 ± 0.06 2.17 ± 0.12 2.31 ± 0.42 4.19 1.43 ± 0.19 -38.55 ± 0.21 3.08 ± 0.43 0.44

318.939 -0.200 1.77 ± 0.23 -35.00 ± 0.06 1.99 ± 0.14 1.04 ± 0.40 4.43 1.85 ± 0.35 -34.85 ± 0.51 6.45 ± 1.91 0.27

318.951 -0.056 - - - - - -0.45 ± 0.19 -56.20 ± 0.68 2.63 ± 1.12 -0.16
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

320.227 -0.282 0.58 ± 0.12 -66.80 ± 0.27 2.25 ± 0.57 0.10 ± 0.78 8.54 1.04 ± 0.27 -67.36 ± 0.31 2.20 ± 0.56 0.44

320.237 0.403 1.96 ± 0.76 -33.10 ± 0.15 1.74 ± 0.31 3.57 ± 2.14 3.27 1.06 ± 0.20 -33.40 ± 0.13 1.32 ± 0.28 0.75

320.322 -0.438 -0.45 ± 0.18 -18.20 ± 0.18 0.71 ± 0.31 0.10 ± 2.87 -1.73 -0.36 ± 0.30 -77.97 ± 1.28 3.04 ± 1.54 -0.11

320.325 -0.189 0.39 ± 0.08 -10.40 ± 0.41 4.07 ± 0.96 0.10 ± 1.22 6.64 0.45 ± 0.38 -37.20 ± 1.06 6.62 ± 4.18 0.06

320.414 0.118 0.96 ± 0.50 -6.78 ± 0.18 1.73 ± 0.54 1.29 ± 1.65 3.47 1.10 ± 0.35 -30.78 ± 0.54 3.26 ± 1.20 0.32

320.886 -0.385 1.11 ± 0.44 -45.10 ± 0.21 2.09 ± 0.44 2.27 ± 1.68 3.21 3.99 ± 0.89 -43.33 ± 2.73 24.71 ± 6.29 0.15

321.712 0.065 0.77 ± 0.14 -32.90 ± 0.22 3.06 ± 0.69 0.10 ± 0.39 10.46 0.76 ± 0.22 -64.98 ± 0.26 1.68 ± 0.46 0.43

321.919 -0.010 1.36 ± 0.33 -32.30 ± 0.15 2.66 ± 0.34 1.37 ± 0.83 3.72 1.07 ± 0.32 -32.81 ± 0.45 3.10 ± 1.20 0.32

323.508 0.050 1.89 ± 1.10 -68.40 ± 0.12 0.77 ± 0.19 3.99 ± 3.65 3.20 -0.56 ± 0.24 -62.43 ± 0.32 1.47 ± 0.75 -0.36

323.733 -0.275 3.88 ± 0.77 -50.10 ± 0.09 1.68 ± 0.17 2.48 ± 0.88 4.29 1.64 ± 0.33 -50.46 ± 0.22 2.31 ± 0.56 0.67

323.911 0.395 1.77 ± 1.56 -54.70 ± 0.18 1.10 ± 0.34 5.87 ± 7.42 3.03 0.58 ± 0.24 -54.95 ± 0.32 1.44 ± 0.76 0.38

324.052 -0.412 0.76 ± 0.43 -67.80 ± 0.16 1.41 ± 0.46 0.79 ± 1.51 3.69 -0.32 ± 0.13 -63.51 ± 0.24 1.06 ± 0.37 -0.29

324.100 0.443 2.47 ± 0.71 -53.80 ± 0.11 1.53 ± 0.24 2.79 ± 1.33 3.61 -4.67 ± 0.11 -23.03 ± 0.43 42.12 ± 0.43 -0.10

324.721 0.347 5.40 ± 2.33 -52.50 ± 0.17 1.86 ± 0.34 9.53 ± 6.01 3.29 1.91 ± 0.63 -51.54 ± 1.03 5.28 ± 1.94 0.34

325.501 0.431 1.13 ± 0.34 -46.70 ± 0.16 2.16 ± 0.36 0.43 ± 0.66 5.38 0.63 ± 0.20 -18.75 ± 0.19 1.09 ± 0.31 0.54

325.853 0.495 - - - - - - - - -

326.472 -0.371 1.76 ± 0.46 -55.40 ± 0.14 2.06 ± 0.30 3.01 ± 1.32 3.31 0.59 ± 0.22 -55.81 ± 0.20 1.12 ± 0.54 0.50

326.552 0.171 2.30 ± 0.73 -74.50 ± 0.21 2.40 ± 0.47 4.32 ± 2.04 3.26 1.81 ± 0.73 -90.23 ± 2.19 11.84 ± 6.22 0.14

326.653 0.490 1.39 ± 0.58 -41.20 ± 0.34 3.08 ± 0.67 2.75 ± 1.97 3.23 -1.90 ± 0.73 -61.49 ± 1.34 12.32 ± 4.29 -0.14

326.779 -0.118 1.22 ± 0.18 -57.20 ± 0.11 1.53 ± 0.29 0.10 ± 0.39 14.93 - - - -

326.917 -0.293 1.10 ± 0.39 -46.30 ± 0.24 2.60 ± 0.47 1.44 ± 1.19 3.49 0.65 ± 0.21 -46.69 ± 0.12 0.94 ± 0.44 0.64

326.936 -0.165 1.83 ± 0.76 -45.60 ± 0.11 1.05 ± 0.36 1.78 ± 1.37 3.75 -0.42 ± 0.16 -27.78 ± 0.16 0.69 ± 0.28 -0.57

326.996 -0.037 4.15 ± 0.70 -58.90 ± 0.08 1.73 ± 0.17 2.72 ± 0.77 4.25 3.25 ± 0.52 -59.20 ± 0.29 4.21 ± 1.01 0.73

327.165 -0.283 1.57 ± 0.27 -62.60 ± 0.10 2.61 ± 0.26 0.81 ± 0.50 4.66 1.41 ± 0.39 -61.27 ± 0.66 5.00 ± 1.59 0.27

327.222 -0.491 2.77 ± 1.22 -49.90 ± 0.23 2.05 ± 0.46 6.36 ± 3.91 3.16 1.49 ± 0.53 -28.66 ± 1.15 5.97 ± 2.70 0.24

327.373 -0.419 1.28 ± 0.49 -49.20 ± 0.17 1.65 ± 0.36 2.05 ± 1.62 3.35 1.04 ± 0.43 -62.85 ± 2.42 10.76 ± 3.75 0.09

327.396 0.200 1.34 ± 0.42 -89.70 ± 0.21 2.53 ± 0.41 2.06 ± 1.38 3.38 -0.43 ± 0.17 -67.28 ± 0.23 0.93 ± 0.38 -0.44

327.405 0.454 2.18 ± 0.92 -80.20 ± 0.21 2.16 ± 0.61 3.11 ± 1.89 3.43 3.20 ± 0.62 -80.03 ± 0.51 5.64 ± 1.37 0.53

327.721 -0.383 2.20 ± 0.36 -76.00 ± 0.09 2.50 ± 0.29 0.90 ± 0.43 5.16 1.92 ± 0.30 -75.77 ± 0.21 2.71 ± 0.49 0.67

327.796 -0.472 1.08 ± 0.46 -46.30 ± 0.09 0.71 ± 0.17 0.24 ± 3.12 7.13 -0.66 ± 0.29 -12.28 ± 0.83 3.31 ± 1.02 -0.19

327.905 0.156 1.12 ± 0.40 -91.80 ± 0.25 2.50 ± 0.49 2.12 ± 1.46 3.25 1.78 ± 1.14 -72.79 ± 15.44 59.15 ± 45.45 0.03

327.947 -0.103 0.35 ± 0.09 -47.90 ± 0.33 2.42 ± 0.57 0.10 ± 6.55 6.12 0.67 ± 0.24 -62.15 ± 0.26 1.57 ± 0.79 0.40

328.073 -0.305 0.75 ± 0.15 -43.30 ± 0.14 1.37 ± 0.36 0.10 ± 0.83 10.24 0.64 ± 0.25 -66.19 ± 0.56 2.31 ± 0.86 0.26

328.119 -0.243 0.44 ± 0.17 197.00 ± 0.17 0.71 ± 0.37 0.10 ± 0.85 7.12 0.18 ± 0.13 185.92 ± 0.39 0.47 ± 2.89 0.35

328.134 -0.107 -0.52 ± 0.16 -121.00 ± 0.15 0.71 ± 0.23 0.10 ± 1.22 -2.42 2.27 ± 1.38 -72.46 ± 17.26 44.81 ± 47.31 0.05

328.139 -0.428 0.61 ± 0.35 -45.00 ± 0.44 2.86 ± 0.89 0.97 ± 1.89 3.35 - - - -

328.278 -0.467 1.86 ± 1.10 -44.00 ± 0.11 0.95 ± 0.38 0.98 ± 1.61 4.63 1.00 ± 0.27 -48.43 ± 0.21 1.41 ± 0.32 0.67

328.530 -0.136 0.54 ± 0.23 -67.00 ± 0.21 1.06 ± 0.61 0.10 ± 0.82 8.11 -0.32 ± 0.15 -47.23 ± 0.21 0.83 ± 0.44 -0.36

328.629 -0.473 1.41 ± 0.48 -47.20 ± 0.12 1.45 ± 0.28 1.05 ± 1.08 4.07 0.72 ± 0.18 -51.16 ± 0.20 1.48 ± 0.39 0.46

329.033 -0.190 4.45 ± 0.41 -44.40 ± 0.07 2.91 ± 0.15 2.26 ± 0.38 4.69 5.29 ± 0.40 -44.49 ± 0.13 3.71 ± 0.36 1.34

329.068 -0.302 1.42 ± 0.33 -42.80 ± 0.25 3.89 ± 0.55 1.40 ± 0.81 3.74 2.12 ± 0.34 -43.18 ± 0.34 3.97 ± 0.65 0.50
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

329.179 -0.301 1.16 ± 0.29 -50.50 ± 0.31 4.09 ± 0.51 2.05 ± 1.04 3.29 0.97 ± 0.22 -51.41 ± 0.22 1.79 ± 0.47 0.51

329.243 0.487 -0.45 ± 0.15 -93.20 ± 0.26 1.58 ± 0.66 0.10 ± 1.52 -1.75 -0.90 ± 1.13 -80.67 ± 17.01 59.15 ± 46.44 -0.01

329.343 0.139 1.45 ± 0.28 -108.00 ± 0.15 3.29 ± 0.35 1.61 ± 0.69 3.63 2.19 ± 0.34 -108.17 ± 0.34 5.06 ± 1.06 0.41

329.381 0.071 0.28 ± 0.10 -115.00 ± 0.38 1.93 ± 0.62 0.10 ± 1.17 5.51 1.29 ± 0.46 -105.87 ± 2.60 13.40 ± 4.56 0.09

329.422 -0.168 1.05 ± 0.25 -77.20 ± 0.15 2.35 ± 0.32 1.47 ± 0.87 3.44 1.12 ± 0.23 -76.68 ± 0.34 3.04 ± 0.58 0.34

329.440 0.486 2.57 ± 0.47 -68.40 ± 0.10 1.98 ± 0.23 2.61 ± 0.80 3.71 0.72 ± 0.23 -69.05 ± 0.26 1.88 ± 0.86 0.36

329.463 0.159 0.67 ± 0.10 -104.00 ± 0.16 2.12 ± 0.29 0.10 ± 1.00 9.38 1.35 ± 0.50 -105.83 ± 23.47 10.82 ± 4.33 0.12

329.585 0.051 0.46 ± 0.13 -102.00 ± 0.32 2.40 ± 0.67 0.10 ± 1.46 7.33 0.73 ± 0.23 -114.09 ± 0.29 1.68 ± 0.40 0.41

329.659 -0.425 1.06 ± 0.47 -34.10 ± 0.13 1.28 ± 0.31 0.64 ± 1.21 4.37 -0.24 ± 0.12 -62.27 ± 0.18 0.52 ± 0.25 -0.43

330.291 0.259 0.70 ± 0.16 -95.70 ± 0.10 0.71 ± 0.09 0.10 ± 0.62 9.72 -2.10 ± 2.12 -53.49 ± 0.49 2.08 ± 2.00 -0.95

330.686 -0.386 0.74 ± 0.25 -64.70 ± 0.29 3.24 ± 0.49 1.87 ± 1.30 3.12 0.52 ± 0.11 -64.63 ± 0.13 1.20 ± 0.24 0.40

330.780 0.246 1.00 ± 0.77 -43.80 ± 0.13 1.01 ± 0.37 0.64 ± 1.88 4.30 -0.37 ± 0.15 -41.02 ± 0.13 0.71 ± 0.38 -0.49

330.781 -0.293 0.36 ± 0.16 -61.80 ± 0.37 1.50 ± 1.01 0.10 ± 1.45 6.36 0.33 ± 0.10 -99.47 ± 0.11 0.71 ± 0.29 0.44

330.854 -0.481 0.56 ± 0.46 -63.20 ± 0.19 1.57 ± 0.72 0.29 ± 5.06 4.63 - - - -

330.881 -0.371 1.79 ± 0.26 -63.90 ± 0.12 3.50 ± 0.31 1.39 ± 0.49 4.01 3.51 ± 0.32 -63.81 ± 0.21 4.69 ± 0.55 0.70

330.950 -0.268 0.45 ± 0.10 -89.20 ± 0.30 3.90 ± 0.65 0.11 ± 22.60 6.81 0.37 ± 0.12 -124.34 ± 0.18 0.98 ± 0.28 0.35

330.951 -0.193 0.67 ± 0.20 -91.70 ± 0.47 6.28 ± 0.88 0.59 ± 0.74 3.86 2.35 ± 0.31 -91.25 ± 0.41 5.76 ± 0.86 0.38

331.093 0.318 1.89 ± 0.55 -46.50 ± 0.16 1.39 ± 0.26 3.12 ± 1.48 3.33 -0.41 ± 0.10 -39.61 ± 0.10 0.69 ± 0.16 -0.55

331.113 -0.453 3.27 ± 0.58 -69.80 ± 0.12 2.59 ± 0.27 2.91 ± 0.85 3.85 1.81 ± 0.41 -70.00 ± 0.54 4.67 ± 1.39 0.36

331.133 -0.236 0.62 ± 0.09 -87.00 ± 0.41 5.56 ± 0.95 0.10 ± 0.56 8.95 2.10 ± 0.29 -86.88 ± 0.22 3.21 ± 0.54 0.61

331.145 0.140 1.26 ± 0.36 -76.70 ± 0.15 2.13 ± 0.37 1.79 ± 1.05 3.43 0.54 ± 0.13 -77.20 ± 0.10 0.83 ± 0.21 0.61

331.289 -0.183 1.10 ± 0.27 -88.70 ± 0.19 3.53 ± 0.44 0.76 ± 0.68 4.17 0.28 ± 0.18 -106.77 ± 0.30 0.83 ± 0.79 0.32

331.313 -0.366 1.81 ± 0.46 -66.10 ± 0.13 1.83 ± 0.26 2.40 ± 1.08 3.48 0.43 ± 0.16 -64.48 ± 0.17 0.91 ± 0.49 0.44

331.359 0.162 3.90 ± 0.70 -45.70 ± 0.07 1.50 ± 0.15 4.27 ± 1.12 3.64 0.67 ± 0.14 -45.32 ± 0.10 1.06 ± 0.28 0.59

331.422 -0.347 1.54 ± 0.44 -64.20 ± 0.14 1.95 ± 0.31 1.19 ± 0.95 4.02 0.93 ± 0.22 -63.95 ± 0.21 1.67 ± 0.43 0.53

331.491 -0.109 3.21 ± 0.36 -89.20 ± 0.12 3.84 ± 0.23 2.23 ± 0.47 4.16 3.61 ± 0.34 -88.97 ± 0.25 5.02 ± 0.49 0.68

331.541 -0.289 0.61 ± 0.11 -97.30 ± 0.28 3.05 ± 0.56 0.10 ± 0.43 8.88 0.58 ± 0.19 -97.66 ± 0.19 1.27 ± 0.56 0.43

331.635 -0.094 0.65 ± 0.21 -83.80 ± 0.53 5.80 ± 0.94 0.97 ± 0.90 3.39 - - - -

331.641 0.494 5.32 ± 3.45 -52.90 ± 0.12 1.11 ± 0.12 19.00 ± 3.59 3.00 0.60 ± 0.18 -52.46 ± 0.23 1.33 ± 0.35 0.42

331.708 -0.205 0.66 ± 0.32 -47.10 ± 0.46 3.70 ± 0.82 1.92 ± 1.91 3.07 -0.58 ± 0.17 -58.30 ± 0.20 1.23 ± 0.33 -0.45

331.812 0.188 - - - - - - - - -

331.867 -0.109 1.93 ± 0.50 -51.00 ± 0.10 1.65 ± 0.25 1.19 ± 0.81 4.35 1.83 ± 0.32 -50.92 ± 0.27 3.12 ± 0.63 0.55

331.883 0.053 1.65 ± 0.35 -88.50 ± 0.19 3.18 ± 0.46 1.98 ± 0.92 3.56 1.30 ± 0.35 -87.75 ± 0.34 2.63 ± 0.93 0.46

332.114 -0.427 0.96 ± 0.46 -57.70 ± 0.12 1.42 ± 0.46 0.12 ± 18.90 11.01 - - - -

332.116 -0.096 - - - - - 0.46 ± 0.13 -64.36 ± 0.17 1.07 ± 0.27 0.40

332.233 -0.042 3.36 ± 0.42 -48.60 ± 0.05 1.53 ± 0.13 1.39 ± 0.40 5.14 2.25 ± 0.27 -48.58 ± 0.23 3.80 ± 0.51 0.56

332.277 0.189 - - - - - 0.95 ± 0.22 -49.09 ± 0.20 1.64 ± 0.42 0.54

332.346 -0.430 0.79 ± 0.34 -48.60 ± 0.15 1.68 ± 0.32 0.44 ± 1.02 4.54 -0.14 ± 0.09 -78.60 ± 0.11 0.43 ± 0.58 -0.31

332.546 -0.134 0.66 ± 0.13 -48.50 ± 0.15 1.58 ± 0.39 0.10 ± 1.41 9.28 0.19 ± 0.08 -32.46 ± 0.15 0.54 ± 0.17 0.34

332.749 -0.013 1.72 ± 0.39 -95.30 ± 0.12 2.07 ± 0.27 1.91 ± 0.92 3.63 -0.48 ± 0.15 -107.24 ± 0.16 0.83 ± 0.38 -0.54

332.951 -0.275 - - - - - 0.69 ± 0.22 -43.39 ± 0.62 3.40 ± 0.99 0.19
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

332.975 -0.035 0.42 ± 0.21 -67.80 ± 0.58 4.62 ± 1.08 0.75 ± 1.24 3.28 -0.53 ± 0.15 -46.74 ± 0.17 1.25 ± 0.35 -0.40

333.029 -0.039 0.77 ± 0.40 -42.40 ± 0.11 0.71 ± 0.16 0.27 ± 4.19 5.59 -0.30 ± 0.13 -69.00 ± 0.31 1.22 ± 0.51 -0.23

333.183 -0.405 4.82 ± 0.35 -51.10 ± 0.05 2.62 ± 0.11 1.86 ± 0.27 5.32 4.12 ± 0.26 -51.16 ± 0.09 2.84 ± 0.22 1.36

333.218 -0.066 1.21 ± 0.24 -88.80 ± 0.18 3.60 ± 0.36 1.08 ± 0.64 3.85 2.03 ± 0.33 -88.49 ± 0.44 5.33 ± 0.94 0.36

333.479 -0.480 1.22 ± 0.39 -55.40 ± 0.18 1.98 ± 0.35 1.84 ± 1.21 3.39 0.93 ± 0.23 -55.02 ± 0.31 2.43 ± 0.59 0.36

333.511 -0.224 2.70 ± 0.50 -49.80 ± 0.11 2.25 ± 0.28 2.11 ± 0.72 4.00 - - - -

333.551 -0.043 0.20 ± 0.06 -45.60 ± 1.43 7.25 ± 1.97 0.10 ± 0.54 4.70 -2.75 ± 1.98 -6.79 ± 0.21 1.44 ± 0.27 -1.79

333.591 0.039 0.52 ± 0.14 -85.30 ± 0.43 3.30 ± 1.05 0.10 ± 2.52 7.88 0.51 ± 0.19 -56.17 ± 0.14 0.72 ± 0.35 0.66

333.621 -0.116 2.64 ± 0.52 -88.70 ± 0.08 1.57 ± 0.17 2.22 ± 0.80 3.91 -0.35 ± 0.14 -86.92 ± 0.17 0.76 ± 0.23 -0.43

333.664 -0.335 0.40 ± 0.07 -48.00 ± 0.38 4.58 ± 0.85 0.10 ± 2.40 6.76 0.34 ± 0.10 -24.93 ± 0.09 0.69 ± 0.31 0.47

333.710 0.365 1.95 ± 0.57 -34.20 ± 0.13 1.89 ± 0.30 1.11 ± 0.95 4.48 -1.37 ± 0.66 -22.28 ± 0.98 9.46 ± 3.01 -0.14

333.741 -0.236 1.37 ± 0.36 -47.50 ± 0.13 2.47 ± 0.49 0.54 ± 0.61 5.26 1.50 ± 0.32 -47.75 ± 0.29 2.57 ± 0.68 0.55

333.911 -0.271 0.36 ± 0.19 -46.90 ± 0.59 4.29 ± 1.00 0.26 ± 2.82 4.07 0.62 ± 0.23 -33.49 ± 0.57 2.95 ± 1.04 0.20

333.963 0.170 1.48 ± 0.60 -47.10 ± 0.14 1.30 ± 0.28 1.07 ± 1.41 4.11 -0.63 ± 0.22 -37.06 ± 0.27 1.45 ± 0.46 -0.41

333.988 0.211 0.88 ± 0.39 -102.00 ± 0.41 3.21 ± 1.60 1.24 ± 1.62 3.44 -3.03 ± 9.81 -53.66 ± 2.32 1.88 ± 2.87 -1.52

334.034 -0.029 0.46 ± 0.28 -85.10 ± 0.50 3.22 ± 0.95 1.43 ± 2.18 3.04 1.54 ± 0.39 -64.76 ± 1.16 8.48 ± 2.73 0.17

334.041 0.041 0.93 ± 0.33 -86.70 ± 0.35 3.89 ± 0.72 1.91 ± 1.30 3.21 0.17 ± 0.07 -88.27 ± 0.18 0.43 ± 0.35 0.37

334.101 0.386 0.44 ± 0.09 -60.10 ± 0.29 2.65 ± 0.55 0.10 ± 1.37 7.16 2.21 ± 0.59 -40.43 ± 1.98 14.47 ± 4.31 0.14

334.196 -0.201 1.25 ± 0.24 -48.00 ± 0.16 3.11 ± 0.34 1.11 ± 0.64 3.85 1.22 ± 0.27 -48.03 ± 0.40 3.48 ± 0.79 0.33

334.221 -0.107 0.54 ± 0.15 -86.10 ± 0.23 1.64 ± 0.48 0.10 ± 1.52 8.13 -1.04 ± 0.36 -93.57 ± 3.75 7.02 ± 2.49 -0.14

334.314 -0.109 0.78 ± 0.14 -86.20 ± 0.09 0.71 ± 0.29 0.10 ± 19.60 10.53 -0.45 ± 0.16 -76.11 ± 0.24 1.36 ± 0.52 -0.31

334.448 -0.239 0.97 ± 0.34 -41.30 ± 0.14 1.86 ± 0.53 1.15 ± 1.01 3.57 0.41 ± 0.17 -20.21 ± 0.43 1.89 ± 0.67 0.20

334.613 -0.262 - - - - - - - - -

334.646 0.447 1.08 ± 0.14 -65.50 ± 0.13 2.22 ± 0.37 0.10 ± 2.18 13.53 -1.05 ± 0.26 -78.28 ± 0.31 2.48 ± 0.67 -0.40

334.703 0.032 2.18 ± 0.55 -85.60 ± 0.07 0.71 ± 0.14 3.74 ± 1.73 3.31 0.20 ± 0.17 -64.00 ± 0.79 1.38 ± 0.91 0.14

335.089 -0.415 1.40 ± 0.14 -39.20 ± 0.08 1.65 ± 0.22 0.10 ± 0.24 16.73 1.73 ± 0.40 -38.99 ± 0.34 3.38 ± 1.06 0.48

335.215 -0.296 1.62 ± 0.50 -40.10 ± 0.11 1.57 ± 0.24 1.02 ± 0.94 4.31 -0.24 ± 0.11 -38.16 ± 0.08 0.43 ± 4.38 -0.52

335.273 -0.014 2.67 ± 1.47 -42.60 ± 1.71 6.66 ± 2.01 28.20 ± 21.70 2.82 -0.96 ± 0.27 -20.73 ± 0.49 3.10 ± 0.72 -0.29

335.280 -0.123 2.14 ± 0.45 -45.40 ± 0.09 1.74 ± 0.26 1.10 ± 0.70 4.67 0.60 ± 0.19 -45.40 ± 0.12 0.80 ± 0.35 0.70

335.437 -0.231 3.56 ± 0.65 -44.40 ± 0.06 1.30 ± 0.17 1.95 ± 0.65 4.55 -0.36 ± 0.17 -32.51 ± 0.07 1.15 ± 0.49 -0.30

335.588 -0.284 2.76 ± 0.35 -46.80 ± 0.10 3.17 ± 0.23 1.57 ± 0.46 4.48 2.60 ± 0.31 -46.58 ± 0.21 3.29 ± 0.43 0.74

335.687 0.208 1.28 ± 0.43 -50.40 ± 0.12 1.62 ± 0.29 0.85 ± 0.95 4.23 -1.17 ± 0.54 -40.28 ± 2.50 9.52 ± 3.60 -0.12

335.796 0.171 3.82 ± 1.29 -50.40 ± 0.17 2.16 ± 0.32 6.17 ± 2.92 3.34 1.20 ± 0.29 -49.94 ± 0.32 2.43 ± 0.59 0.47

336.358 -0.143 0.42 ± 0.13 -80.40 ± 0.33 3.23 ± 1.64 0.10 ± 1.44 6.97 -0.60 ± 0.16 -108.89 ± 0.14 0.99 ± 0.33 -0.57

336.370 -0.002 1.76 ± 0.41 -128.00 ± 0.29 4.26 ± 0.47 2.47 ± 1.00 3.44 1.66 ± 0.48 -128.00 ± 0.74 5.41 ± 1.94 0.29

336.427 -0.258 0.84 ± 0.23 -87.90 ± 0.22 3.61 ± 0.51 0.70 ± 0.73 3.92 1.38 ± 0.42 -89.68 ± 1.05 6.99 ± 2.78 0.18

336.758 -0.222 0.86 ± 0.58 -97.80 ± 0.47 2.48 ± 1.06 2.72 ± 2.96 3.04 2.08 ± 0.47 -103.46 ± 1.62 13.22 ± 3.27 0.15

336.849 -0.250 0.65 ± 0.38 -36.70 ± 0.16 1.25 ± 0.36 0.42 ± 1.67 4.26 -0.38 ± 0.14 -38.60 ± 0.20 1.04 ± 0.29 -0.35

336.875 -0.000 1.33 ± 0.28 -74.60 ± 0.17 3.45 ± 0.38 1.07 ± 0.67 3.97 2.28 ± 0.34 -74.59 ± 0.39 5.27 ± 0.83 0.41

336.905 -0.023 0.39 ± 0.24 -122.00 ± 0.91 6.34 ± 1.56 0.47 ± 1.52 3.57 0.51 ± 0.34 -152.15 ± 2.15 4.77 ± 2.96 0.10

336.962 -0.225 1.17 ± 0.60 -71.90 ± 0.16 1.13 ± 0.34 1.74 ± 2.13 3.40 -0.67 ± 0.15 -57.37 ± 0.10 0.84 ± 0.23 -0.75
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

336.985 -0.017 1.19 ± 0.26 -122.00 ± 0.28 4.81 ± 0.54 0.98 ± 0.66 3.94 1.71 ± 0.36 -120.25 ± 0.52 4.64 ± 1.14 0.35

337.126 0.010 1.87 ± 1.07 -114.00 ± 0.26 2.31 ± 0.37 3.49 ± 3.47 3.26 -1.15 ± 0.28 -130.57 ± 0.16 1.27 ± 0.35 -0.85

337.139 -0.381 3.28 ± 0.65 -40.90 ± 0.11 1.98 ± 0.27 2.33 ± 0.91 4.13 1.89 ± 0.34 -41.19 ± 0.19 2.20 ± 0.51 0.81

337.217 -0.050 1.02 ± 0.46 -68.50 ± 0.21 2.46 ± 0.57 0.81 ± 1.22 3.99 2.02 ± 0.51 -67.44 ± 0.68 5.61 ± 1.62 0.34

337.266 -0.387 5.21 ± 1.21 -40.50 ± 0.38 2.57 ± 0.38 30.00 ± 23.40 2.90 0.19 ± 0.10 -14.54 ± 0.27 0.43 ± 0.15 0.43

337.306 0.020 0.71 ± 0.27 -107.00 ± 0.29 1.46 ± 0.88 0.10 ± 1.34 9.85 0.52 ± 0.16 -128.16 ± 0.17 1.08 ± 0.34 0.46

337.424 -0.393 3.20 ± 0.58 -42.30 ± 0.09 1.82 ± 0.18 1.98 ± 0.70 4.34 1.03 ± 0.23 -42.32 ± 0.16 1.31 ± 0.34 0.74

337.580 -0.415 - - - - - -1.33 ± 0.72 -24.11 ± 4.31 13.21 ± 8.23 -0.09

337.695 -0.052 1.65 ± 0.34 -47.60 ± 0.28 4.42 ± 0.48 1.59 ± 0.73 3.76 2.68 ± 0.44 -47.13 ± 0.43 5.27 ± 1.02 0.48

337.728 0.067 0.30 ± 0.40 -59.10 ± 3.77 22.30 ± 13.70 1.16 ± 2.38 2.99 6.08 ± 1.16 -60.22 ± 17.13 38.66 ± 7.34 0.15

337.774 -0.336 3.70 ± 0.64 -41.90 ± 0.09 2.04 ± 0.21 2.20 ± 0.70 4.41 -0.23 ± 0.15 -40.17 ± 0.34 0.60 ± 0.49 -0.35

337.909 -0.462 3.25 ± 0.59 -40.30 ± 0.10 2.23 ± 0.26 1.95 ± 0.65 4.39 4.10 ± 0.36 -40.37 ± 0.15 3.68 ± 0.39 1.05

337.988 0.119 1.00 ± 0.35 -41.70 ± 0.47 4.80 ± 0.74 1.13 ± 1.13 3.61 - - - -

338.083 0.016 1.25 ± 0.35 -39.90 ± 0.40 4.73 ± 0.68 1.79 ± 1.00 3.42 - - - -

338.122 0.163 1.52 ± 0.43 -31.70 ± 0.29 3.35 ± 0.53 3.54 ± 1.62 3.15 -0.60 ± 0.17 6.37 ± 0.14 0.99 ± 0.30 -0.57

338.147 -0.474 - - - - - -0.21 ± 0.11 -26.71 ± 0.09 0.43 ± 1.05 -0.47

338.312 0.135 0.59 ± 0.28 -28.10 ± 0.36 3.21 ± 0.93 0.22 ± 2.69 5.38 1.18 ± 0.33 -36.01 ± 0.50 3.46 ± 1.13 0.32

338.381 -0.414 1.87 ± 0.44 -38.10 ± 0.07 1.47 ± 0.19 0.65 ± 0.66 5.61 3.72 ± 0.96 -40.61 ± 3.02 33.72 ± 9.72 0.10

338.397 0.195 0.50 ± 0.25 -32.70 ± 0.69 5.50 ± 1.45 0.36 ± 1.15 4.13 0.14 ± 0.16 -69.05 ± 2.32 0.85 ± 0.57 0.16

338.464 0.034 0.62 ± 0.37 -40.30 ± 0.80 11.80 ± 3.51 0.45 ± 0.97 4.10 -0.96 ± 0.33 -15.20 ± 0.63 3.11 ± 1.19 -0.29

338.527 -0.424 -0.46 ± 0.18 -65.70 ± 0.19 0.91 ± 0.35 0.10 ± 0.85 -1.91 1.23 ± 0.33 -38.48 ± 0.44 3.28 ± 1.03 0.35

338.540 0.214 1.27 ± 0.55 -27.10 ± 0.33 2.73 ± 0.58 3.67 ± 2.52 3.07 - - - -

338.575 0.114 1.27 ± 0.34 -79.10 ± 0.22 3.22 ± 0.45 2.02 ± 1.08 3.35 0.95 ± 0.24 -78.52 ± 0.27 2.24 ± 0.73 0.40

338.609 0.021 0.39 ± 0.13 -23.20 ± 0.57 4.54 ± 1.55 0.14 ± 0.89 5.55 0.42 ± 0.13 -48.10 ± 0.16 0.85 ± 0.30 0.46

338.640 -0.452 0.94 ± 0.13 -39.70 ± 0.14 1.59 ± 0.10 1.08 ± 0.08 3.60 -0.47 ± 0.15 -5.85 ± 0.19 1.14 ± 0.38 -0.39

338.793 0.487 1.74 ± 0.64 -65.70 ± 0.12 1.16 ± 0.23 2.91 ± 1.90 3.32 0.59 ± 0.32 -81.59 ± 1.15 3.92 ± 2.23 0.14

338.885 -0.478 2.22 ± 0.59 -37.40 ± 0.08 1.24 ± 0.23 1.42 ± 0.92 4.29 1.37 ± 0.25 -37.61 ± 0.21 2.17 ± 0.35 0.59

338.924 0.388 1.08 ± 0.25 -25.00 ± 0.20 3.64 ± 0.44 0.99 ± 0.70 3.82 0.44 ± 0.13 1.75 ± 0.11 0.68 ± 0.22 0.61

339.080 -0.418 3.85 ± 3.73 -36.30 ± 0.24 1.50 ± 0.24 28.60 ± 29.20 2.86 -0.78 ± 0.32 -13.82 ± 1.61 6.49 ± 2.00 -0.11

339.095 -0.236 1.79 ± 0.47 -43.10 ± 0.09 1.29 ± 0.21 1.28 ± 0.90 4.12 0.44 ± 0.15 -55.77 ± 0.24 1.13 ± 0.40 0.37

339.255 -0.010 0.73 ± 1.17 -106.00 ± 0.18 1.75 ± 0.64 0.21 ± 29.80 6.21 - - - -

339.303 0.349 0.61 ± 0.33 -31.80 ± 0.48 3.38 ± 1.02 1.20 ± 1.75 3.23 0.34 ± 0.13 -31.74 ± 0.06 0.43 ± 2.02 0.74

339.330 -0.435 1.76 ± 0.40 -37.10 ± 0.08 1.46 ± 0.20 1.18 ± 0.75 4.22 0.28 ± 0.09 -19.43 ± 0.05 0.43 ± 0.79 0.62

339.474 0.092 0.60 ± 0.07 -112.00 ± 0.29 2.00 ± 0.04 1.13 ± 0.65 3.26 -0.79 ± 0.32 -125.52 ± 1.10 5.26 ± 2.23 -0.14

339.476 0.060 0.54 ± 0.11 -18.40 ± 0.20 2.14 ± 0.50 0.10 ± 0.68 8.13 0.33 ± 0.13 -7.70 ± 0.19 0.86 ± 0.31 0.36

339.603 -0.127 2.26 ± 0.40 -34.50 ± 0.09 1.96 ± 0.23 1.39 ± 0.58 4.35 1.42 ± 0.29 -35.02 ± 0.38 3.66 ± 0.83 0.37

339.911 -0.405 0.45 ± 0.12 -37.90 ± 0.18 1.71 ± 0.47 0.10 ± 4.11 7.21 0.44 ± 0.17 -56.84 ± 0.38 1.79 ± 0.70 0.23

339.939 -0.082 2.13 ± 0.76 -53.20 ± 0.17 2.20 ± 0.34 5.06 ± 2.60 3.15 2.22 ± 0.72 -51.39 ± 1.89 12.98 ± 6.59 0.16

340.055 -0.240 1.44 ± 0.28 -54.00 ± 0.18 3.63 ± 0.48 1.15 ± 0.60 3.98 2.11 ± 0.36 -53.53 ± 0.39 4.28 ± 0.90 0.46

340.092 -0.312 0.75 ± 1.08 -61.80 ± 0.77 1.68 ± 0.54 2.19 ± 6.37 3.07 -0.43 ± 0.13 -57.78 ± 0.09 0.46 ± 4.17 -0.89

340.239 -0.034 2.61 ± 0.40 -122.00 ± 0.11 2.76 ± 0.22 2.27 ± 0.65 3.87 - - - -
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

340.246 -0.198 1.71 ± 0.27 -46.80 ± 0.17 4.15 ± 0.36 1.25 ± 0.52 4.09 2.03 ± 0.50 -46.90 ± 0.26 3.10 ± 1.30 0.61

340.302 -0.376 4.34 ± 0.44 -51.00 ± 0.06 2.31 ± 0.14 1.93 ± 0.38 4.97 3.27 ± 0.34 -51.43 ± 0.15 3.06 ± 0.38 1.00

340.775 -0.124 1.53 ± 0.49 -40.10 ± 0.09 1.43 ± 0.27 0.56 ± 0.83 5.44 -2.93 ± 0.93 -55.76 ± 2.86 19.77 ± 8.54 -0.14

340.776 -0.096 1.71 ± 0.59 -101.00 ± 0.21 1.82 ± 0.41 3.22 ± 1.71 3.26 0.33 ± 0.15 -84.07 ± 0.25 0.97 ± 0.43 0.33

340.930 -0.235 2.15 ± 0.68 -45.60 ± 0.13 1.54 ± 0.32 2.42 ± 1.31 3.61 -0.34 ± 0.11 -30.58 ± 0.23 0.45 ± 2.82 -0.70

340.952 -0.355 0.70 ± 0.29 -44.20 ± 0.29 3.18 ± 0.54 0.80 ± 1.19 3.60 4.82 ± 0.94 -47.80 ± 2.67 26.29 ± 5.65 0.17

341.022 -0.118 1.42 ± 0.52 -43.10 ± 0.13 1.61 ± 0.33 0.64 ± 1.00 4.93 1.01 ± 0.46 -10.80 ± 1.12 3.92 ± 2.48 0.24

341.224 -0.274 4.86 ± 0.78 -44.50 ± 0.08 1.89 ± 0.16 3.03 ± 0.80 4.33 -0.84 ± 0.44 -39.56 ± 0.91 2.84 ± 1.74 -0.28

341.282 0.345 1.27 ± 0.47 -78.80 ± 0.19 2.16 ± 0.51 1.47 ± 1.21 3.59 0.63 ± 0.27 -64.91 ± 0.47 1.88 ± 0.53 0.32

341.347 0.313 1.92 ± 0.88 -23.50 ± 0.14 1.31 ± 0.38 3.21 ± 2.21 3.32 0.57 ± 0.18 -23.78 ± 0.18 0.96 ± 0.26 0.55

341.384 -0.248 - - - - - -0.68 ± 0.24 -67.37 ± 0.18 0.95 ± 0.30 -0.67

341.936 -0.171 4.45 ± 0.48 -42.80 ± 0.09 3.11 ± 0.18 2.16 ± 0.44 4.79 3.06 ± 0.42 -42.59 ± 0.23 3.12 ± 0.44 0.92

342.085 0.412 2.77 ± 0.87 -70.90 ± 0.14 1.73 ± 0.23 3.13 ± 1.71 3.61 1.69 ± 0.57 -71.70 ± 0.67 3.46 ± 1.87 0.46

342.468 0.184 - - - - - -0.81 ± 0.22 -64.55 ± 0.13 0.95 ± 0.28 -0.81

342.532 0.184 0.28 ± 0.10 -73.60 ± 0.98 5.07 ± 1.67 0.10 ± 1.32 5.54 - - - -

342.698 0.132 2.46 ± 0.47 -42.00 ± 0.09 2.06 ± 0.22 1.12 ± 0.61 4.92 2.62 ± 0.41 -42.29 ± 0.20 2.66 ± 0.61 0.92

342.825 0.385 1.15 ± 0.48 -82.10 ± 0.24 2.13 ± 0.60 1.41 ± 1.41 3.54 0.74 ± 0.23 -83.22 ± 0.23 1.35 ± 0.40 0.52

342.946 -0.313 2.89 ± 1.66 -40.10 ± 0.17 1.57 ± 0.34 7.06 ± 5.68 3.13 -0.52 ± 0.23 -37.17 ± 0.47 1.62 ± 0.69 -0.30

343.124 -0.064 1.58 ± 0.34 -31.10 ± 0.12 2.75 ± 0.31 0.57 ± 0.55 5.49 2.60 ± 0.51 -30.93 ± 0.46 4.31 ± 1.14 0.57

343.423 -0.352 3.02 ± 0.85 -27.60 ± 0.07 0.99 ± 0.15 2.08 ± 1.10 4.18 - - - -

343.504 0.006 1.29 ± 0.44 -28.20 ± 0.30 3.21 ± 0.75 1.58 ± 1.26 3.54 2.51 ± 0.86 -29.33 ± 0.77 5.38 ± 2.96 0.44

343.510 -0.487 1.17 ± 0.41 -34.20 ± 0.30 3.32 ± 0.62 1.52 ± 1.26 3.49 0.60 ± 0.17 -19.36 ± 0.13 0.89 ± 0.26 0.63

343.774 -0.167 3.44 ± 0.55 -28.00 ± 0.08 2.03 ± 0.21 1.44 ± 0.52 5.11 2.07 ± 0.41 -27.82 ± 0.27 2.91 ± 0.86 0.67

343.892 0.102 1.07 ± 0.61 -68.70 ± 0.09 0.78 ± 0.27 0.62 ± 1.62 4.45 0.69 ± 0.23 -57.67 ± 0.29 1.72 ± 0.63 0.38

344.029 0.127 0.89 ± 0.52 -67.90 ± 0.19 1.52 ± 0.48 0.45 ± 1.43 4.69 0.33 ± 0.19 -82.48 ± 0.39 1.17 ± 0.46 0.26

344.036 -0.380 3.39 ± 1.65 -89.10 ± 0.09 0.78 ± 0.17 7.88 ± 5.41 3.16 -0.26 ± 0.18 -97.78 ± 0.63 1.55 ± 0.63 -0.16

344.040 -0.490 1.97 ± 0.69 -23.90 ± 0.17 1.78 ± 0.41 1.35 ± 1.16 4.18 -0.32 ± 0.22 -48.11 ± 0.29 0.50 ± 0.59 -0.61

344.268 0.172 0.60 ± 0.34 -67.80 ± 0.31 2.36 ± 0.55 1.52 ± 1.98 3.12 -0.06 ± 0.08 -62.36 ± 0.30 0.43 ± 4.49 -0.13

344.425 0.050 2.18 ± 0.33 -66.60 ± 0.09 2.31 ± 0.18 1.44 ± 0.52 4.24 1.98 ± 0.33 -66.81 ± 0.17 2.60 ± 0.63 0.71

344.586 0.200 3.25 ± 0.64 -63.50 ± 0.07 1.34 ± 0.16 3.40 ± 1.02 3.68 1.26 ± 0.51 -70.02 ± 0.65 14.84 ± 5.04 0.08

344.661 0.332 - - - - - - - - -

344.748 0.181 0.74 ± 0.40 -64.30 ± 0.27 2.13 ± 0.55 1.52 ± 1.98 3.21 0.38 ± 0.17 -59.93 ± 0.32 1.21 ± 0.42 0.29

345.026 -0.218 3.42 ± 0.58 -27.90 ± 0.12 2.78 ± 0.34 1.98 ± 0.65 4.45 5.10 ± 0.67 -27.77 ± 0.37 5.68 ± 0.82 0.84

345.091 -0.340 0.97 ± 0.44 -28.60 ± 0.20 0.84 ± 0.53 0.10 ± 0.55 12.46 -1.21 ± 0.39 -8.26 ± 0.48 2.62 ± 0.80 -0.43

345.150 0.075 0.93 ± 0.12 -19.10 ± 0.07 0.71 ± 0.08 0.10 ± 0.35 12.01 0.35 ± 0.09 -29.25 ± 0.04 0.43 ± 4.17 0.78

345.213 -0.134 1.49 ± 0.70 -15.70 ± 0.20 1.33 ± 0.34 1.38 ± 1.71 3.80 -1.89 ± 0.46 -8.68 ± 0.54 4.23 ± 1.04 -0.42

345.278 0.001 0.18 ± 0.06 -25.70 ± 1.06 25.70 ± 7.73 0.10 ± 6.00 4.50 -5.79 ± 2.07 -1.19 ± 5.40 58.89 ± 45.24 -0.09

345.298 0.431 0.66 ± 0.22 -41.50 ± 0.16 2.01 ± 0.42 0.58 ± 0.90 3.87 0.48 ± 0.12 -41.81 ± 0.20 1.47 ± 0.32 0.31

345.488 0.342 2.81 ± 0.30 -18.30 ± 0.06 2.21 ± 0.14 1.11 ± 0.34 5.26 3.22 ± 0.30 -18.81 ± 0.15 3.13 ± 0.35 0.96

345.527 -0.339 0.44 ± 0.12 -26.10 ± 0.23 2.16 ± 0.81 0.10 ± 4.97 7.16 - - - -

345.579 0.040 - - - - - 0.51 ± 0.19 -0.07 ± 0.17 0.79 ± 0.34 0.60
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

345.588 -0.210 0.54 ± 0.51 -122.00 ± 1.31 6.21 ± 2.23 5.34 ± 6.76 2.83 - - - -

345.641 0.351 1.03 ± 0.23 -17.00 ± 0.14 1.29 ± 0.33 0.10 ± 3.48 13.03 -0.55 ± 0.21 5.95 ± 0.20 0.96 ± 0.36 -0.54

346.257 0.110 1.56 ± 0.38 -98.20 ± 0.10 1.77 ± 0.23 2.42 ± 1.03 3.37 0.79 ± 0.26 -98.87 ± 0.89 5.49 ± 1.96 0.14

346.300 0.126 0.91 ± 0.37 -28.50 ± 0.14 1.35 ± 0.32 0.88 ± 1.12 3.75 0.40 ± 0.12 -57.09 ± 0.11 0.62 ± 0.17 0.61

346.476 0.225 2.65 ± 0.66 -17.10 ± 0.11 1.71 ± 0.18 4.85 ± 1.82 3.27 -0.26 ± 0.14 -8.32 ± 0.29 0.95 ± 0.60 -0.26

346.602 0.049 0.78 ± 0.41 -89.10 ± 0.26 1.89 ± 0.56 3.24 ± 2.70 2.97 -1.73 ± 0.54 -82.54 ± 2.02 12.53 ± 4.75 -0.13

347.078 -0.387 1.59 ± 1.43 -4.40 ± 0.19 0.89 ± 0.53 4.59 ± 6.07 3.07 -0.39 ± 0.16 7.37 ± 0.13 0.54 ± 0.96 -0.67

347.291 0.138 0.80 ± 0.28 -89.50 ± 0.34 3.72 ± 0.63 1.32 ± 1.20 3.33 -1.02 ± 0.45 -100.05 ± 1.68 7.50 ± 3.58 -0.13

347.606 0.245 2.63 ± 0.95 -95.60 ± 0.20 2.60 ± 0.43 5.42 ± 2.67 3.21 1.59 ± 0.50 -95.41 ± 0.83 5.22 ± 1.89 0.29

347.636 0.147 0.40 ± 0.56 -103.00 ± 0.47 25.30 ± 17.10 1.81 ± 3.11 2.95 -1.12 ± 0.35 -106.95 ± 0.61 3.69 ± 1.19 -0.29

347.677 0.217 0.74 ± 0.33 -73.40 ± 0.28 3.12 ± 0.73 0.59 ± 1.14 3.98 0.59 ± 0.22 -74.62 ± 0.23 1.28 ± 0.59 0.43

347.871 -0.312 0.84 ± 0.33 -94.00 ± 0.21 3.05 ± 0.74 0.41 ± 0.93 4.77 1.25 ± 0.33 -94.47 ± 0.36 2.79 ± 0.84 0.42

347.960 -0.427 1.71 ± 0.38 -96.70 ± 0.15 2.47 ± 0.31 1.86 ± 0.84 3.64 1.06 ± 0.24 -96.17 ± 0.18 1.50 ± 0.45 0.66

348.249 0.460 5.03 ± 0.45 -7.09 ± 0.04 1.74 ± 0.09 1.29 ± 0.29 6.62 2.81 ± 0.39 -7.45 ± 0.14 2.40 ± 0.49 1.10

348.422 0.107 1.05 ± 0.45 -106.00 ± 0.21 1.62 ± 0.39 3.42 ± 2.41 3.03 -0.35 ± 0.16 -67.94 ± 0.48 1.88 ± 0.77 -0.18

348.427 0.180 - - - - - -0.66 ± 0.20 -103.74 ± 0.35 2.35 ± 0.89 -0.26

348.848 -0.289 0.63 ± 0.17 -30.60 ± 0.17 1.19 ± 0.44 0.10 ± 1.41 9.03 - - - -

349.148 0.029 0.60 ± 0.11 16.80 ± 0.24 3.32 ± 0.48 0.10 ± 6.70 8.78 0.47 ± 0.15 -0.54 ± 0.13 0.81 ± 0.29 0.54

349.148 0.119 1.05 ± 0.17 -76.20 ± 0.31 6.47 ± 0.54 1.53 ± 0.49 3.41 2.62 ± 0.40 -76.45 ± 0.62 8.88 ± 1.81 0.28

349.496 0.124 0.78 ± 0.37 -64.00 ± 0.28 2.16 ± 0.68 1.66 ± 1.85 3.19 0.16 ± 0.12 -76.68 ± 0.32 0.66 ± 0.56 0.23

349.539 0.212 1.20 ± 0.86 -21.70 ± 0.32 1.11 ± 0.55 2.84 ± 3.46 3.15 -1.26 ± 0.62 -41.82 ± 1.42 7.33 ± 5.39 -0.16

349.794 0.120 0.24 ± 0.08 -61.60 ± 0.74 3.82 ± 1.00 0.10 ± 1.78 5.12 0.26 ± 0.13 -81.47 ± 0.19 0.52 ± 0.22 0.46

349.911 0.083 2.29 ± 0.49 -63.00 ± 0.12 2.00 ± 0.30 3.01 ± 1.04 3.49 0.51 ± 0.18 -62.98 ± 0.23 1.24 ± 0.42 0.38

350.018 -0.492 0.83 ± 0.21 -26.00 ± 0.12 1.01 ± 0.32 0.10 ± 6.07 10.99 0.38 ± 0.18 -12.88 ± 0.30 1.14 ± 0.39 0.32

350.170 0.070 1.91 ± 0.27 -70.40 ± 0.24 5.66 ± 0.51 1.24 ± 0.40 4.27 5.21 ± 0.42 -71.27 ± 0.23 5.71 ± 0.54 0.86

350.288 -0.488 2.12 ± 0.67 -23.20 ± 0.10 1.26 ± 0.27 2.70 ± 1.37 3.51 -2.20 ± 1.35 -9.28 ± 4.52 34.57 ± 43.89 -0.06

350.415 -0.050 1.21 ± 0.29 -27.30 ± 0.09 1.57 ± 0.20 1.65 ± 0.88 3.46 0.32 ± 1.27 -19.70 ± 5.99 2.19 ± 47.20 0.14

350.523 -0.364 1.79 ± 0.38 -23.40 ± 0.07 1.56 ± 0.19 0.83 ± 0.59 4.88 - - - -

350.697 -0.480 1.67 ± 0.47 -18.30 ± 0.12 1.44 ± 0.27 1.45 ± 1.02 3.88 1.42 ± 0.49 -18.83 ± 0.52 4.10 ± 2.39 0.33

350.717 0.031 0.87 ± 0.51 -5.32 ± 0.15 1.15 ± 0.31 0.24 ± 3.94 6.29 0.36 ± 0.26 -27.82 ± 18.98 3.56 ± 1.75 0.09

350.719 -0.291 0.55 ± 0.12 -22.00 ± 0.25 1.76 ± 0.45 0.10 ± 2.10 8.18 -1.49 ± 0.56 -30.31 ± 1.77 9.30 ± 4.71 -0.15

350.808 -0.346 1.74 ± 0.54 -22.70 ± 0.10 0.71 ± 0.20 3.38 ± 2.00 3.24 -0.42 ± 0.13 -15.07 ± 0.12 0.74 ± 0.30 -0.53

351.015 -0.340 1.26 ± 0.42 -18.80 ± 0.15 2.04 ± 0.36 0.85 ± 0.91 4.20 0.01 ± 13.93 -35.23 ± 19.47 1.43 ± 40.54 0.01

351.572 0.193 0.47 ± 0.24 -42.70 ± 1.26 6.92 ± 1.62 1.23 ± 1.54 3.11 1.32 ± 0.50 -41.65 ± 1.44 6.59 ± 3.23 0.19

351.578 -0.185 0.50 ± 0.18 -200.00 ± 0.68 3.82 ± 1.40 0.10 ± 0.60 7.71 -0.12 ± 0.11 -194.20 ± 0.15 0.43 ± 1.31 -0.26

351.580 -0.347 3.25 ± 0.50 -95.50 ± 0.14 3.34 ± 0.28 3.20 ± 0.79 3.74 3.13 ± 0.31 -96.35 ± 0.17 3.57 ± 0.41 0.82

351.802 -0.460 5.94 ± 0.69 -3.33 ± 0.06 1.94 ± 0.14 2.61 ± 0.51 5.00 2.76 ± 0.32 -3.47 ± 0.12 2.06 ± 0.26 1.26

352.054 -0.251 1.71 ± 0.57 -11.70 ± 0.15 1.60 ± 0.31 2.85 ± 1.65 3.33 1.21 ± 0.27 -11.26 ± 0.43 3.53 ± 0.68 0.32

352.109 0.176 0.83 ± 0.30 -58.20 ± 0.27 2.95 ± 0.64 1.36 ± 1.23 3.33 0.84 ± 0.25 -58.53 ± 0.35 2.32 ± 0.82 0.34

352.112 -0.131 1.01 ± 0.35 -94.70 ± 0.12 1.43 ± 0.27 1.44 ± 1.19 3.43 3.05 ± 0.62 -98.17 ± 3.01 29.72 ± 6.84 0.10

352.196 -0.047 - - - - - 2.20 ± 0.70 -89.05 ± 3.12 19.91 ± 6.58 0.10
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Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

352.315 -0.442 0.57 ± 0.10 -10.90 ± 0.28 3.46 ± 0.77 0.10 ± 3.34 8.39 0.31 ± 0.10 -32.22 ± 0.05 0.43 ± 5.91 0.69

352.604 -0.213 1.07 ± 0.42 -85.10 ± 0.20 2.16 ± 0.65 1.13 ± 1.18 3.67 - - - -

352.652 -0.343 0.60 ± 0.25 -20.00 ± 0.18 0.90 ± 0.41 0.10 ± 3.36 8.69 -0.17 ± 0.10 16.64 ± 0.19 0.43 ± 0.22 -0.39

352.863 -0.196 0.80 ± 0.24 -57.90 ± 0.22 3.75 ± 0.55 0.46 ± 0.76 4.49 2.00 ± 0.47 -56.57 ± 0.73 6.48 ± 1.80 0.29

352.864 0.436 1.02 ± 0.93 16.40 ± 0.23 1.03 ± 0.59 2.67 ± 4.34 3.11 -1.00 ± 0.29 -16.81 ± 0.29 1.85 ± 0.57 -0.51

352.915 -0.102 1.79 ± 0.48 -17.80 ± 0.07 0.71 ± 0.93 0.47 ± 0.91 6.53 -0.69 ± 0.22 -20.46 ± 0.31 1.39 ± 0.47 -0.47

352.963 0.371 1.04 ± 0.40 -3.62 ± 0.14 1.93 ± 0.38 0.32 ± 0.96 5.97 -0.48 ± 0.16 -30.63 ± 0.15 0.69 ± 0.19 -0.65

353.064 0.458 1.84 ± 0.54 -2.18 ± 0.18 2.43 ± 0.48 2.36 ± 1.19 3.50 -0.28 ± 0.30 2.96 ± 0.98 2.94 ± 35.00 -0.09

353.122 0.363 0.93 ± 0.22 -2.55 ± 0.13 1.24 ± 0.39 0.10 ± 0.83 12.04 1.32 ± 0.39 -3.10 ± 0.55 3.11 ± 1.35 0.40

353.194 -0.239 4.14 ± 0.81 -18.90 ± 1.01 6.02 ± 0.86 30.00 ± 23.90 2.86 -0.00 ± 0.10 -26.02 ± 0.43 10.24 ± 0.43 -0.00

353.270 -0.104 1.01 ± 0.38 -16.20 ± 0.15 1.16 ± 0.46 0.10 ± 20.30 12.53 0.63 ± 0.25 -16.89 ± 0.12 0.71 ± 0.49 0.83

353.386 -0.167 0.66 ± 0.50 -82.20 ± 0.78 4.79 ± 1.64 1.04 ± 2.22 3.35 -0.78 ± 0.22 -92.56 ± 0.12 0.70 ± 0.22 -1.05

353.387 -0.085 0.69 ± 0.23 -51.80 ± 0.29 3.80 ± 0.65 0.36 ± 0.83 4.66 -0.53 ± 0.16 -47.37 ± 0.19 1.11 ± 0.29 -0.44

353.392 -0.343 5.45 ± 0.47 -18.10 ± 0.08 3.44 ± 0.14 2.18 ± 0.35 5.22 4.36 ± 0.45 -18.40 ± 0.20 3.92 ± 0.45 1.05

353.896 0.252 3.11 ± 0.89 2.17 ± 0.05 0.79 ± 0.13 1.16 ± 0.98 5.41 0.27 ± 0.12 -9.07 ± 0.21 0.43 ± 0.28 0.60

354.147 0.100 - - - - - 0.57 ± 0.30 -89.19 ± 0.35 1.16 ± 1.08 0.46

354.321 -0.494 2.45 ± 0.80 -3.63 ± 0.08 0.71 ± 0.11 2.91 ± 1.75 3.57 0.51 ± 0.21 -3.61 ± 0.35 1.46 ± 0.58 0.33

354.433 0.437 7.40 ± 0.96 71.90 ± 0.14 4.72 ± 0.29 7.51 ± 1.25 3.71 5.34 ± 0.41 71.30 ± 0.22 5.72 ± 0.49 0.88

354.608 0.476 2.04 ± 0.39 -21.70 ± 0.13 2.87 ± 0.30 1.06 ± 0.59 4.65 2.55 ± 0.36 -21.82 ± 0.25 3.70 ± 0.60 0.65

354.625 0.234 0.90 ± 0.34 85.30 ± 0.84 7.10 ± 1.27 3.26 ± 1.75 3.00 3.06 ± 1.15 70.64 ± 16.41 40.99 ± 16.63 0.07

354.801 0.350 3.75 ± 0.34 94.60 ± 0.16 5.37 ± 0.30 3.51 ± 0.48 3.79 5.74 ± 0.62 94.35 ± 0.42 9.30 ± 1.44 0.58

355.057 -0.487 2.06 ± 1.09 -6.00 ± 0.16 1.26 ± 0.32 5.53 ± 4.18 3.10 0.23 ± 0.13 -21.89 ± 0.11 0.43 ± 0.97 0.50

355.150 0.233 0.56 ± 0.17 102.00 ± 0.19 1.42 ± 0.49 0.10 ± 0.82 8.32 - - - -

355.183 -0.417 3.41 ± 0.46 -3.39 ± 0.07 2.16 ± 0.15 2.48 ± 0.58 4.10 2.24 ± 0.36 -4.35 ± 0.29 3.86 ± 0.78 0.54

355.261 -0.260 1.33 ± 0.41 -2.96 ± 0.19 2.28 ± 0.41 1.78 ± 1.17 3.47 0.68 ± 0.18 -3.05 ± 0.09 0.82 ± 0.29 0.78

355.412 0.109 0.82 ± 0.51 4.47 ± 0.16 1.57 ± 0.59 0.35 ± 1.99 5.07 - - - -

355.615 -0.052 0.59 ± 0.21 -20.60 ± 0.30 3.39 ± 0.71 0.13 ± 4.36 7.22 -0.33 ± 1.28 -4.17 ± 23.64 59.15 ± 48.19 -0.01

356.343 -0.065 1.52 ± 0.51 -55.80 ± 0.22 2.65 ± 0.57 2.70 ± 1.66 3.29 -0.54 ± 0.20 -38.13 ± 0.23 1.26 ± 0.51 -0.40

356.399 -0.065 1.07 ± 0.50 -10.80 ± 0.17 1.36 ± 0.36 1.07 ± 1.58 3.73 -1.82 ± 0.63 -15.59 ± 1.12 7.84 ± 3.87 -0.22

356.411 0.103 3.01 ± 0.81 -5.59 ± 0.09 1.37 ± 0.23 2.40 ± 1.14 3.98 -1.05 ± 0.35 1.69 ± 0.46 2.67 ± 1.17 -0.37

356.502 0.202 1.95 ± 0.60 -5.10 ± 0.12 1.34 ± 0.33 1.95 ± 1.20 3.73 1.28 ± 0.42 13.77 ± 0.62 3.59 ± 1.79 0.33

356.652 -0.262 1.34 ± 0.59 -53.10 ± 0.10 0.71 ± 0.24 1.07 ± 1.77 3.98 -0.55 ± 0.17 -23.43 ± 0.16 1.00 ± 0.36 -0.52

356.754 0.199 -0.47 ± 0.17 -178.00 ± 0.17 0.71 ± 2.67 0.10 ± 3.28 -2.00 0.30 ± 0.14 -181.00 ± 0.29 1.12 ± 0.58 0.25

356.863 0.004 0.65 ± 0.35 -8.97 ± 0.29 1.82 ± 0.67 0.54 ± 1.40 3.92 1.59 ± 0.53 -20.51 ± 1.90 10.21 ± 4.14 0.15

357.520 0.197 0.62 ± 0.19 -37.50 ± 0.26 3.40 ± 0.57 0.46 ± 0.83 4.07 -0.38 ± 0.11 -13.61 ± 0.12 0.73 ± 0.20 -0.49

357.555 -0.323 2.20 ± 0.42 3.39 ± 0.06 1.48 ± 0.19 1.04 ± 0.59 4.84 1.81 ± 0.45 9.35 ± 1.46 11.07 ± 2.87 0.15

357.802 -0.311 1.68 ± 0.54 3.98 ± 0.14 1.49 ± 0.29 2.16 ± 1.38 3.50 0.26 ± 0.08 -25.55 ± 0.10 0.43 ± 0.07 0.58

357.865 -0.146 0.41 ± 0.13 -7.21 ± 0.52 6.41 ± 0.92 0.35 ± 0.70 3.91 0.53 ± 0.19 21.02 ± 0.44 2.26 ± 0.71 0.22

357.963 -0.149 0.31 ± 0.09 -4.04 ± 0.88 4.76 ± 1.43 0.10 ± 4.98 5.86 1.59 ± 0.45 -2.29 ± 1.15 8.19 ± 2.61 0.18

358.028 -0.187 1.19 ± 0.31 7.95 ± 0.09 0.75 ± 0.34 0.10 ± 0.32 14.62 0.25 ± 0.14 -16.47 ± 0.10 0.43 ± 3.26 0.54

358.071 -0.472 1.88 ± 0.48 -6.58 ± 0.09 1.53 ± 0.23 1.08 ± 0.76 4.47 -1.02 ± 0.28 -14.29 ± 0.45 2.78 ± 0.77 -0.34

c©
2
0
1
0

R
A

S
,
M

N
R

A
S

0
0
0
,

?
?
–
?
?



5
2

S
.N

.L
o

n
g

m
o

re
et

a
l.

Table 2: Continued.

l b T11
B,m V11

LSR
∆V11 τ11m T11

ex

∫
T22
B

dV V22
LSR

∆V22 T22
B

(◦) (◦) (K) (kms−1) (kms−1) (K) (K.kms−1) (kms−1) (kms−1 (K)

358.094 -0.143 0.59 ± 0.10 7.01 ± 0.31 3.33 ± 0.66 0.10 ± 1.10 8.59 0.96 ± 0.34 7.25 ± 0.54 2.74 ± 0.99 0.33

358.251 -0.436 0.91 ± 0.30 3.99 ± 0.17 2.17 ± 0.37 1.02 ± 1.00 3.62 0.54 ± 0.19 28.00 ± 0.50 2.58 ± 0.75 0.20

358.486 -0.398 2.69 ± 0.36 -4.67 ± 0.06 2.02 ± 0.17 1.46 ± 0.44 4.57 1.60 ± 0.22 -5.08 ± 0.17 2.42 ± 0.38 0.62

358.653 -0.487 - - - - - 1.18 ± 0.37 -43.95 ± 0.71 5.04 ± 2.38 0.22

358.707 -0.135 0.44 ± 0.16 9.31 ± 0.80 7.51 ± 1.35 0.92 ± 0.90 3.20 2.34 ± 0.96 -18.02 ± 15.15 59.15 ± 10.97 0.04

358.762 -0.041 0.48 ± 0.25 -189.00 ± 0.55 4.54 ± 1.05 1.60 ± 1.77 3.03 -1.05 ± 0.51 -182.84 ± 2.71 11.43 ± 5.41 -0.09

358.858 -0.035 0.70 ± 0.28 -189.00 ± 0.73 11.80 ± 2.48 0.89 ± 0.75 3.51 6.93 ± 1.50 -191.57 ± 2.39 24.40 ± 5.86 0.27

358.894 -0.290 1.11 ± 0.34 -32.20 ± 0.50 17.60 ± 3.00 0.98 ± 0.52 3.85 18.79 ± 0.74 -33.13 ± 0.54 29.10 ± 1.43 0.61

358.943 -0.044 0.28 ± 0.33 -171.00 ± 0.53 2.02 ± 0.84 0.26 ± 19.70 3.81 0.21 ± 0.12 -175.20 ± 0.24 0.43 ± 5.52 0.47

358.983 -0.066 0.71 ± 0.35 18.20 ± 1.24 12.10 ± 3.97 1.99 ± 1.30 3.08 7.41 ± 0.78 17.07 ± 1.51 29.51 ± 3.64 0.24

358.983 0.082 - - - - - -0.41 ± 0.18 -0.04 ± 0.24 0.97 ± 0.43 -0.40

358.988 -0.181 0.49 ± 0.29 -125.00 ± 1.86 15.10 ± 4.24 1.55 ± 1.46 3.04 5.78 ± 0.91 -119.25 ± 1.56 31.66 ± 5.58 0.17

359.084 0.108 0.90 ± 0.44 131.00 ± 0.96 13.20 ± 3.48 1.15 ± 0.97 3.51 10.59 ± 1.24 129.28 ± 1.15 21.60 ± 3.42 0.46

359.208 0.169 1.39 ± 0.85 14.30 ± 2.88 11.20 ± 3.94 5.57 ± 3.90 2.97 7.99 ± 1.37 10.65 ± 4.34 43.89 ± 7.32 0.17

359.213 -0.351 1.03 ± 0.33 -17.40 ± 1.12 11.40 ± 2.29 2.21 ± 0.97 3.19 7.21 ± 0.67 -18.69 ± 1.00 22.88 ± 2.61 0.30

359.215 -0.063 0.34 ± 0.28 -10.60 ± 1.97 14.20 ± 5.46 0.91 ± 1.51 3.10 4.01 ± 0.69 -6.91 ± 2.53 28.73 ± 5.58 0.13

359.222 -0.089 0.57 ± 0.26 -134.00 ± 0.82 6.14 ± 1.39 1.21 ± 1.35 3.19 -0.57 ± 0.19 -120.31 ± 0.25 1.23 ± 0.44 -0.43

359.301 0.035 0.26 ± 0.07 153.00 ± 2.30 15.90 ± 4.68 0.10 ± 1.08 5.36 -0.77 ± 0.50 131.56 ± 0.67 3.13 ± 5.45 -0.23

359.335 0.282 0.73 ± 0.35 -0.19 ± 0.20 2.39 ± 0.69 0.38 ± 1.08 4.68 -0.51 ± 0.17 28.86 ± 0.20 1.08 ± 0.34 -0.44

359.404 0.083 1.02 ± 0.47 0.66 ± 0.20 1.93 ± 0.54 1.00 ± 1.41 3.75 0.44 ± 0.21 -14.31 ± 0.10 0.60 ± 1.00 0.68

359.410 0.057 0.29 ± 0.08 154.00 ± 1.66 12.30 ± 3.74 0.10 ± 2.36 5.67 -0.85 ± 0.40 166.41 ± 0.51 2.10 ± 0.99 -0.38

359.475 -0.034 1.16 ± 0.39 -2.08 ± 0.08 1.29 ± 0.24 0.45 ± 0.83 5.28 -0.25 ± 0.12 26.74 ± 0.34 1.16 ± 0.57 -0.20

359.525 -0.269 0.34 ± 0.06 -116.00 ± 1.16 15.10 ± 2.90 0.10 ± 1.02 6.11 6.62 ± 0.79 -116.65 ± 1.26 21.16 ± 2.86 0.29

359.623 -0.035 0.58 ± 0.10 72.30 ± 0.51 5.29 ± 1.01 0.10 ± 0.65 8.53 3.18 ± 0.54 73.72 ± 0.47 5.46 ± 1.04 0.55

359.689 -0.072 -0.46 ± 0.20 10.30 ± 0.28 1.14 ± 0.51 0.10 ± 0.78 -1.85 -1.98 ± 0.63 -1.82 ± 2.14 11.78 ± 4.20 -0.16

359.711 -0.378 1.54 ± 0.61 16.80 ± 0.10 1.04 ± 0.27 1.40 ± 1.32 3.83 -0.23 ± 0.17 22.47 ± 0.51 1.19 ± 0.86 -0.18

359.749 0.028 0.29 ± 0.34 82.20 ± 2.22 14.20 ± 7.64 0.46 ± 2.33 3.35 0.12 ± 0.14 107.98 ± 0.23 0.43 ± 7.22 0.26

359.860 0.031 0.63 ± 0.23 -61.20 ± 0.79 7.54 ± 1.72 1.04 ± 0.86 3.33 5.76 ± 0.84 -64.16 ± 1.20 19.79 ± 4.05 0.27

359.914 -0.318 0.76 ± 0.32 15.80 ± 0.30 3.09 ± 1.09 0.97 ± 1.15 3.51 0.62 ± 0.21 2.42 ± 0.33 1.70 ± 0.61 0.34

359.937 0.161 1.17 ± 0.29 -1.31 ± 0.26 3.90 ± 0.48 0.87 ± 0.73 4.07 1.25 ± 0.41 -0.29 ± 1.10 6.49 ± 2.19 0.18

359.983 -0.468 1.79 ± 0.41 18.20 ± 0.09 1.66 ± 0.21 0.59 ± 0.61 5.77 0.98 ± 0.25 18.35 ± 0.17 1.40 ± 0.49 0.66
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10 APPENDIX 3: ONLINE FIGURES

The full version of Figure 2 is given in the file

“all sherpa maps.pdf”. The figures showing the output

of the SHERPA fit spectra results are given in the file

“all sherpa spectra fig.pdf”.

c© 2010 RAS, MNRAS 000, ??–??
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Table 3. Derived gas properties for sources with robust NH3 (1,1) and NH3 (2,2) detections (see § 3). The rotational temperature, total NH3 column density,

kinetic temperature and the non-thermal and thermal contributions to the line width are listed in columns 3 to 7, respectively, for the peak NH3 (1,1) pixel.

l b Trot Ntot
NH3 Tkin ∆Vnt ∆Vth

(◦) (◦) (K) (1014cm−2) (K) (kms−1) (kms−1)

29.9386 -0.03095 19 1.69 22 3.13 0.24

27.77443 0.06791 21 0.69 26 2.37 0.26

27.27837 0.15187 42 0.45 93 2.32 0.50

24.78522 0.09488 17 2.22 20 3.58 0.23

24.47508 0.47827 34 0.33 59 3.04 0.39

24.42476 -0.21978 19 1.86 23 3.27 0.25

18.85464 -0.47798 19 1.15 23 2.7 0.24

14.70352 -0.1744 16 0.83 18 1.43 0.22

14.21368 -0.48907 27 0.33 38 0.7 0.32

14.21031 -0.18499 18 1.35 22 2.49 0.24

13.31567 -0.29872 17 1.45 19 1.95 0.23

13.20766 0.05092 17 1.51 20 2.41 0.23

12.90054 0.48707 25 0.06 33 0.47 0.30

10.47778 0.03467 22 1.6 28 4.63 0.27

9.62135 0.18733 18 1.29 21 3.28 0.24

9.23748 -0.18991 17 1.25 19 1.81 0.23

8.83139 -0.03632 18 1.0 22 2.11 0.24

8.62073 -0.34643 15 1.63 17 2.31 0.21

7.33549 -0.00895 18 0.53 21 1.59 0.23

6.8806 -0.24195 14 1.74 16 2.39 0.21

6.19456 -0.36807 17 1.69 19 3.03 0.23

5.64038 0.23879 16 1.01 18 1.56 0.22

3.4476 0.00789 17 0.67 20 1.51 0.23

3.43198 -0.35111 14 2.84 16 2.99 0.20

1.37351 0.11181 27 0.16 39 0.46 0.32

0.6578 -0.2132 26 0.03 35 0.51 0.31

359.71081 -0.37799 22 0.19 29 0.92 0.28

359.47531 -0.03431 22 0.02 28 0.35 0.27

359.30111 0.03486 32 0.37 54 0.57 0.38

355.26149 -0.25966 26 0.52 37 1.2 0.31

353.39238 -0.34255 16 3.97 18 4.01 0.22

353.19352 -0.23902 29 0.04 45 0.26 0.34

352.05378 -0.2515 22 0.49 28 1.57 0.27

351.80157 -0.45979 16 1.8 19 2.1 0.22

351.58024 -0.34699 19 2.53 23 4.24 0.25

349.91123 0.08303 24 0.68 33 2.9 0.29

348.24932 0.4603 16 1.28 18 2.06 0.22

345.48768 0.3423 18 0.91 22 2.33 0.24

345.02635 -0.21775 18 2.27 21 4.14 0.24

344.42507 0.0502 19 1.15 23 2.64 0.25

341.93617 -0.17089 16 2.2 18 3.33 0.22

340.30222 -0.37643 16 2.19 19 2.78 0.22

340.23864 -0.03446 20 1.51 24 3.64 0.25

338.92434 0.38773 23 0.26 29 0.92 0.28

338.3813 -0.41393 19 0.28 24 1.64 0.25

337.90932 -0.46163 20 0.53 25 2.84 0.26

337.77417 -0.33648 17 1.43 19 2.28 0.23

336.98506 -0.01714 24 0.22 33 0.49 0.29

336.37033 -0.00224 23 0.94 31 2.82 0.29

335.58784 -0.28356 19 1.52 23 3.48 0.24

335.28004 -0.12317 20 0.6 24 1.81 0.25

333.18255 -0.40536 18 2.33 22 3.16 0.24

331.49066 -0.10863 16 3.26 18 4.32 0.22

331.35942 0.16159 18 0.67 22 1.61 0.24

330.88096 -0.37106 24 1.09 33 3.77 0.30

329.03271 -0.1896 19 2.33 23 3.24 0.25

327.7215 -0.38292 19 0.49 24 2.6 0.25

326.99614 -0.03667 23 0.94 30 2.22 0.28

318.78338 -0.13118 14 1.72 15 2.71 0.20

317.38856 0.11877 24 0.07 33 0.36 0.29

316.75237 0.00384 20 2.12 25 3.26 0.26

310.65968 -0.2262 25 1.04 35 3.34 0.30

305.37698 0.21314 22 0.08 29 0.52 0.27

305.2308 0.27918 17 1.19 20 2.95 0.23 c© 2010 RAS, MNRAS 000, ??–??


