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ABSTRACT

Context. The APEX Telescope Large Area Survey of the Galaxy (ATLASGlthe largest and most sensitive systematic survey of
the inner Galactic plane in the submillimetre wavelengtiime. The observations were carried out with the Large APB}XBeter
Camera (LABOCA), an array of 295 bolometers observing ay8@@345 GHz).

Aims. In this research note we present the compact source catafogthe 280 < ¢ < 330" and 22 < ¢ < 60° regions of this survey.
Methods. The construction of this catalogue was made with the sowdraation routineSExtractor using the same input parame-
ters and procedures used to analyse the inner Galaxy regieemied in an earlier publication (i.e., 330¢ < 21°).

Results. We have identified 3524 compact sources and present a cagatifiggheir properties. When combined with the regions
already published this provides a comprehensive and uztbidatabase 0f10164 massive, dense clumps located across the inner
Galaxy.
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1. Introduction all cold dense clumps<( 25 K) with masses-1000 M, at a he-
liocentric distance of 20 kpc, which is icient to find all mas-
The APEX Telescope Large Area Survey of the Galaxyye star forming clumps located in the inner Galaxy (assum-
(ATLASGAL) is an unbiased 876m submillimetre survey Cov- jnq 4 standard initial mass function and a typical star ferma
ering 420 sq. degrees of the inner Galactic plane LEl € tion efficiency] Urquhart et al. 20113a). Furthermore, this survey
)- The regions covered by this survey ffe< 60° with  complements many of the other Galactic plane surveys (e.g.,
|b| < 1.5° and 280 < ¢ < 300 with b between-2° and F; the UKIDSS, @8), GLlMPSE.._B_e_DJ.a.mlD_Qlt al 2003’
change in latitude was necessary to take account of the walg g-hel Hi-GAL, Molinari etall [2010); Bolocam Galactic
in the Galactic disc in the outer Galaxy extension. The thgsigne Suvey, Aguirre etdl. 2011 ; and the Co-ordinated Radio
mal emission from dust is optically thin at submillimetrevea 5,4 |nfrared Survey for High-Mass Star Formation (CORNISH)

lengths and contribution from free-free emission shouldég- Purcell et al. 2013 arid Hoare eilal. 2012).

ligible making it an excellent tracer of column density aatht

clump mass. The fundamental goal of ATLASGAL is to provide

alarge and systematic inventory of massive, dense cluntpgin  To date, two methods have been used to identify sources

Galaxy that includes representative samples of all of thiéees&  present in the ATLASGAL emission maps and extract their pa-

embedded stages of high-mass star formation. rameters. The first method used was #Extractor extrac-
ATLASGAL is the largest and most sensitive submillimetion algorithm [(Bertin & Arnouis 1996) that was applied to a

tre ground-based survey and covers approximat@ya? the ~150 sq. degree region located towards the Galactic Cergre (i

surface area of the Galactic molecular disc witkih5 kpc of 330 < ¢ < 21°;[Contreras et al. 2013). This method is sensitive

the Galactic Centre (see Hig. 1 for a schematic of survey cag-the large-scale structures of dense clumps and smallcmole

erage). This increases to almost 100% of the surface areauldr clouds and identified 6640 sources above a threshold of

the molecular disc within the Solar circle (i.&y. < 8.5kpc) 3¢ (~180-300 mJy beam) and is 99% complete above-6The

and includes all of the 5kpc molecular ring where the majosecond method consists of a two step process where the emissi

ity of the molecular gas in the Galaxy resides (i.es 4y < maps are first filtered to remove the large-scafiude structure,

6 kpC;5). This survey has a sensitivity.8f 0 and then th&aussClump algorithm is used to identify and ex-

0.5Jybeam' (50 see Sect. 2 for details) and is able to deteetact source parameters by fitting a 2D Gaussian to the struc-

tures. This method has been applied to the whole ATLASGAL

* E-mail: jurquhart@mpifr-bonn.mpg.de (MPIfR) survey region (i.e., 280< ¢ < 60°) and has identified almost
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(Gusten et al.._2006), located in Llano de Chajnantor, eChil
The Large APEX BOlometer CAmera (LABOCA; Siringo et al.
[2009) was used to map the 87 emission across the inner
Galaxy. The instrument bandpass is centred at 345 GHz and has
a bandwidth of 60 GHz, which corresponds to FWHM beam
size of 19.2. The typical pointing r.m.s. error is4”. The noise
varies between 60 and 100 mJy bedmcross the survey region
depending on the number of coverages, the atmospheric-condi
tions at the time of the observations and telescope elevafioe
lower values are typically found towards the Galactic Gentr
regions and the highest values are associated with theséaten
region (i.e., 280 < ¢ < 300; see Fig. 1 of Csengeri etlal. 2014).
SExtractor was used to identify coherent emission in the
signal noise ratio (SNR) maps above a threshold value of 3 and
associated with more pixels than the beam integral (i-&1
pixels). We have used the same input parameters and emission
maps reduced in the same way as those uséd by Contreras et al.
@%) and therefore represents a natural extension toviloek
and combine provides a fully consistent catalogue covetieg
whole ATLASGAL survey. The SNR maps were produced by
dividing the emission maps by the square root of the weight
maps; using these avoids problems encountered when trying t

Fig.1. Schematic of the Galaxy showing the region coverdgentify sources using a flux threshold in fields where thekbac
by ATLASGAL. The background image is an artist impressio round noise is varying. The parameters olf the sources dheve
of the Galactic plane and incorporates much of what is kno/reshold are then extracted from the original emissionsnap
about the large-scale structure of the Galaxy and showstae | __ 16StS were performed to check the reliability of the
tion of the spiral arms and the Galactic bar. The Solar Ciwle SExtractor algorithm and the catalogue of extracted sources.
shown in by the dashed yellow line and the region of the GalaxyiS Was done by injecting artificial sources into two typés o
covered by the ATLASGAL survey shown by the light browr$yNthetic maps; one where the noise properties were Gaussia

shading. Background image courtesy of NASRL-CalteclR. and another where the noise i.nclude.d a varying.component in-
Hurt (S%CZCaltgch). g y A R troduced to better reflect thefflise emission seen in the survey

emission mapsSExtractor recovered 99% of injected sources

in both types of maps above a threshold-6t- and this is taken

as the completeness of the catalogue and for reliable d@tect
11000 compact embedded objects above a more conservative#r more details see Sect. 4.of Contreras &t al. 2013).
threshold|(Csengeri et/al. 2014).

We refer to theSExtractor andGaussClump catalogues as
the Compact Source Catalogue (CSC) and GaussClump Sottc&0mpact source catalogue
Catalogue (GCSC), re_spectivEI;I he two methods have beeng 1. catalogue description
designed to be sensitive tofidirent structures with the former
providing information on the global parameters of the wholé/e have runSExtractor on thirty 3® x 3° fields outside the
clump, while the latter is better to estimate the propedfase region previously reported by Contreras etal. 2013 (i.80° 2
gas more closely associated with the star formation prasess < ¢ <330 and 2T < ¢ <60°) and identified a further 3524 com-
Sect. 3 for more details). pact sources in this 267 sqg. degree region. In Table 1 we mrrese
In this research note we present the results of tffesample of the catalogue as an example of its form and con-

SExtractor source extraction for the region not covered bient. In this table we present the source name, the positibns
[Contreras et al[ (201.3). A detailed description of the spiige the emission peak and its geometric centre, the size of the se
provided byl Schuller et &l (2009) and a comprehensive disctinajor and minor axis and their position angle, the decorealv
sion of theSExtractor algorithm, procedures used, cataloguédius, the peak and integrated fluxes and their associatad e
completeness and reliability tests can be fouridin Corgreral. and any warning flags generated by the algorithm identify pos
dﬂ%). We provide only a brief summary of the ATLASGALSible problems or artefactsfacting the source.
survey and the source extraction method in $&ct. 2 and tefert The deconvolved source sizes are estimated assuming
reader to the these two papers for more details. In Bect. 3 ®aussian beam characteristics following Rosolowskylet al.

present the catalogue of new sources and compare theirrpro ) such that:

ties with those identified by Contreras et al. (2013) and with e

IGCkS(: S(Csﬂe ngeri et dl. 2014). We present a summary and dig= 7, [(gﬁm — 02 Y02 - Uﬁm)] ’ )
ook in Sect 4.

where opn is the 1 Gaussian beam size (i.e.,

. Obm = Orwham/V8IN2 ~ 8”) and a value forp of 2.4
2. Survey and source extraction summary (Rosolowsky et dl.] 2010) that relates the measured size to
The observations were carried out with the APEX (Atacani@e source’s fective radius (i.e.Rer = +V(A/7), where A

Pathfinder EXperiment) 12m submillimetre telescoplé the surface area of the source; Dunhamketal. [2011). An
important caveat is that since the source sizes are detedmin

1 http://atlasgal.mpifr-bonn.mpg.de/cgi-bin/ATLASGAL_DATARASEISiIY the pixels above the detection threshold we kedyli
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Fig.2. Flux density distribution for the full ATLASGAL CSC extraadl by SExtractor (grey filled histogram) and the sources
located in the 280< ¢ < 330" and 2t < ¢ < 60° region (yellow). In the left and right panels we presentdgsams of the peak
and integrated flux densities measured for each sourceatasge The dashed vertical lines shown in the left pan€idate the
nominal Gr sensitivity range above which the catalogue is considenetptete (i.e., 0.3-0.5 Jy beam). The red histogram shows
the peak flux distribution of sources not matched with a seidentified by the GaussClump catalogue. The bin width isiéxi

to underestimate the true source sizes, and in some cases thi

can result in source sizes that are smaller than the beam. 10F ' ' ' ' '
The errors given for the peak and integrated fluxes include I g

the absolute calibration uncertainty of 15% and the initins - L 1
measurement error, which are added in quadrature. In Col. 14§ 08p P ]
we give the quality flag provided b§Extractor, which iden- 3

tifies possible problems or artefactfexting the source (see 3 o6 P ]
Bertin & Arnouts 1996 for details) and in the final columnwe 2 | 7 ]
give the signal to noise ratio for each source. % oal 7 ]
3.2. Catalogue properties © ol 1
Combined with the sources previously identified from anialys I ]
of the 330 < ¢ < 21° region reported by Contreras et al. (2013) 0.0l , , , , ,

the complete ATLASGAL CSC consists of 10170 sources. In 1.0 15 2.0 25 3.0 35 4.0

Fig.[2 we present plots showing the peak and integrated flox de Aspect Ratio

sities for the full CSC catalogue (grey filled histogram) dod

comparison the new sources reported here (yellow histogramig. 3. The cumulative distributions of the aspect ratio for the
The slopes of the two distributions are very similar and agrew full ATLASGAL CSC (grey curve) and the sources reported here
law fit to the bins above the turnover@.5Jy beamt; corre- and byl Contreras et al. (2013) are shown by the red and blue
sponds to the nominal completeness) finds slopes243 + curves, respectively.

0.04 and-2.41 + 0.07 for the full catalogue and new sources,

respectively. The peak flux distributions are therefore xn e

cellent agreement with each other and the value reported by

\Contreras et all (2013) for the inner Galaxy region (2.4 + i.e., less than3). However, the source density in the 280¢ <
0.04). Analysis of the integrated flux distribution finds siamil 330° and 2t < ¢ < 60° regions is significantly lower and the
agreement between the full CSC and the sources reported hwrerall emission is less complicated and there is less bignd
and by Contreras et lal. (2013). We therefore conclude tleaethof sources, which is likely to result in more elongated sesarc
are no systematic fierences in the flux properties of the wholéeing found towards the innermost part of the Galactic plane
SExtractor catalogue.

~In Fig.[d we present a cum.ulative distribution plot ShO_WS.z.l. Comparison with the GaussClump catalogue

ing the measured aspect ratio of the full catalogue (i.e.,

maj/fmin) and the Contreras etlal. (2013) subsample and the néwcomparison between the two catalogues is presented by
sources reported here. Inspection of these distributiemsals |Csengeri et al.! (2014) and so we present only a brief summary
the new sources have slightly smaller aspect ratios than tined discuss a few points not previously mentioned. Both cat-
[Contreras et al! (2013) subsample (a Kolmogorov-Smirnstv talogues contain a similar number of sources with 10164 iden-
finds this diference is significant with a probabiligz 0.01 that tified by SExtractor and 10861 identified by GaussClumps
the two samples are drawn from the same parent distributi¢@sengeri et al. 2014), however, only approximately 760CCS
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Table 1. The ATLASGAL compact source catalogue for sources locatethé 280 < ¢ < 330 and 22 < ¢ < 60° region.
The columns are as follows: (1) name derived from Galactardinates of the maximum intensity in the source; (2)-(3)e@iic
coordinates of maximum intensity in the catalogue sourbe(g) Galactic coordinates of emission centroid; (6)s@&ni-major and
semi-minor size and source position angle measured atkelise from Galactic north; (9)fkective radius of source; (10)-(13)
peak and integrated flux densities and their associatedtaitées; (14)SExtractor detection flag (sele Bertin & Arnouits 1996
notes on these flags); (15) signal to noise ratio (SNR) — wloesources with peak flux belowtdetection should not be used
blindly.

Catalogue Crmax bmax € b Omaj O min PA  6r Speak ASpeak Sint ASint Flag SNR
Name 9] ) ) ) ) () ) () (Qybeam) (Jy)
1) (2) (3) (4) (5) ® (M (B (9 @10 (11) (@12) (13) (14) (15)
AGAL300.164-00.087 300164 -0.087 300164 -0.089 11 7 10 --- 139 026 509 102 O 89

AGAL300.218-00.111 3018 -0.111 300218 -0.113 19 12 122 30 17 026 568 111 O 62
AGAL300.323-00.199 30823 -0.199 300323 -0.199 8 6 138 --- 071 038 228 057 16 19
AGAL300.341-00.214 30041 -0.214 300340 -0213 13 9 140 16 (@6 030 530 105 2
AGAL300.381-00.287 30881 -0.287 300379 -0286 25 13 141 37 ©0 014 711 133 O
AGAL300.403+00.544 300403 Q544 300404 0544 13 10 129 19 W02 061 338 075 O 17
AGAL300.456-00.189 3056 -0.189 300455 -0.191 14 9 15 17 ®4 017 429 089 O
AGAL300.491-00.176 300491 -0.176 300489 -0175 20 12 172 31 68 015 612 118 3
AGAL300.499-00.212 300499 -0.212 300500 -0211 17 7 7 --- 058 012 252 061 3 65
Notes: Only a small portion of the data is provided here, tiiitdible is only available in electronic form at the CDS visoaymous ftp to
cdsarc.u-strasbg.fr (130.79.125.5) or|via Httgotsweb.u-strasbg/fgi-birygcat?JA+A/L

and 10400 GCSC sources are common to both catalogues, with AGAL023.711+00.171 870 um

~1600 CSC sources being associated with 2 or more GCSC 170
sources (see Figl 4 for an example). There a800 GCSC 2

sources without a counterpart in the CSC, however, in the ma- 138

jority of cases (90%) a source was detectedbytractor but
these were later excluded as they had fewer than 11 pixedseTh
are some~2500 CSC sources without GCSC counterparts but
the majority of these fall below theoSthreshold required for ¢
inclusion in that catalogue. In the left panel of Fig.2 wewho |
the flux distribution of CSC sources without a GCSC countef
part (red histogram) that shows the unmatched sources @ddenin<
the lower peak flux density part of the distribution. The rema
ing unmatched CSC sources found are more extended regions?
of emission that were removed by the large-scale filterinttpén
GCSC catalogue.

The diferences noted here nicely illustrate the complemen- _,

1.07

inute

o

~

[}
Jy/Beam

0.43

0.12

tary strengths of the two catalogues with the CSC providing a -0.20

more global distribution of the dust while the GCSC has Iette 2 1 0 -1 -2

sensitive to even more compact sources (as illustratedyirdi Center: Longitﬁgg“ggggef Latitude 0.171

4. Summary Fig.4. Example of a source detected by both extraction al-

gorithms but whereGaussClump has separated the emission
The ATLASGAL has mapped 420dé@f the inner Galaxy into multiple components. The greyscale shows the ATLASGAL
at 87Qum, which traces thermal emission from dense clumpgust emission and the red hatched circle shown in the lovier le
In this research note we present analysis-@70 sq. degrees corner indicates the APEX FWHM beam size. The position and
not included in the previous Compact Source Catalogue (CS$ze of the CSC source is indicated by the green ellipse and
\Contreras et al. 2013). This analysis has identified aniaddit the multiple GCSC sources are indicated by the yellow alips
3524 compact sources located within the 280¢ < 330° and Contours start and increase in stepsof 3
21° < ¢ < 60 regions of the Galactic disc. Combined with the
catalogue presented by Contreras et al. (2013) the full GSC n
consists of 10164 compact sources and provides a complete in
ventory of massive star forming clumps with mass@900 M,  Advanced Investigator Grant GLOSTAR (247078) and was gyticarried
within the inner Galactic plane as well as large, but less-co@#t within the Collaborative Research Council 956, suljemtoA6, funded by
plete, samples of lower mass clumps. This catalogue has %ﬁ%“ﬁcph‘i:u(gﬁcg‘r‘é?gcstg&"se'&”fgiﬁégFG)' L.B. ackuigete support from
ready been used to identify large samples of massive stau-for
ing clumps and investigate their properties (i.e., Urqubgal.

be an indispensable resource for future studies with ALMA.
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