INAF

ISTITUTO NAZIOMNALE

2 ASTROFISICA

MATIOMAL INSTITWTE
FOR ASTROPHYSICS

Publication Year

2016

Acceptance in OA

2020-05-27T16:00:31Z

Title

Planck 2015 results. XXVII1I. The Planck Catalogue of Galactic cold clumps

Authors

Planck Collaboration, Ade, P. A. R., Aghanim, N., Arnaud, M., Ashdown, M., Aumont, J.,
Baccigalupi, C., Banday, A. J., Barreiro, R. B., Bartolo, N., Battaner, E., Enfdin, T. A., Eriksen, H.
K., Fagarone, E., Fergusson, J., FINELLI, FABIO, Forni, O., FRAILIS, Marco, Fraisse, A. A.,
FRANCESCHI, ENRICO, Lattanzi, M., Renault, C., Frejsel, A., GALEOTTA, Samuele, Gdli, S,,
Ganga, K., Giard, M., Giraud-Héraud, Y ., Gjerlaw, E., Gonzdlez-Nuevo, J., Gorski, K. M., Gratton,
S., Renzi, A., Lawrence, C. R., Gregorio, A., GRUPPUSO, ALESSANDRO, Gudmundsson, J. E.,
Hansen, F. K., Hanson, D., Harrison, D. L., Helou, G., Henrot-Versillé, S., Hernandez-Monteagudo,
C., Ristorcelli, I, Herranz, D., Benabed, K., Hildebrandt, S. R., Hivon, E., Hobson, M., Holmes, W.
A., Hornstrup, A., Hovest, W., Huffenberger, K. M., Hurier, G., Rocha, G., Jaffe, A. H., Jaffe, T. R,,
Leonardi, R., Jones, W. C., Juvela, M., Keihénen, E., Lesgourgues, J., Levrier, F., Liguori, M., Lilje,
P. B., Rosset, C., Linden-Varnle, M., LApez-Caniego, M., Lubin, P. M., Macias-Pérez, J. F., Maggio
G., Benoit, A., Maino, D., Mandolesi, N., Mangilli, A., Marshall, D. J., ROSSETTI,
MARIACHIARA, Martin, P. G., Martinez-Gonzdlez, E., Masi, S., Matarrese, S., Mazzotta, P.,
McGehee, P., Benoit-Lévy, A., Melchiorri, A., Mendes, L., Mennella, A., Roudier, G., Migliaccio,
M., Mitra, S., Miville-Deschénes, M. -A., Moneti, A., Montier, L., MORGANTE, GIANLUCA,
Mortlock, D., Bernard, J. -P., Moss, A., Munshi, D., Rubifio-Martin, J. A., Murphy, J. A., Naselsky,
P., Nati, F., Natoli, P., Netterfield, C. B., Negrgaard-Nielsen, H. U., Novidllo, F., Novikov, D.,
Bersanelli, M., Novikov, I., Rusholme, B., Oxborrow, C. A., Paci, F., Pagano, L., Pajot, F., Paladini,
R., PAOLETTI, DANIELA, Pasian, F., Patanchon, G., Pearson, T. J., Bielewicz, P., Bond, J. R.,
Pelkonen, V. -M., Perdereau, O., Perotto, L., Perrotta, F., Pettorino, V., Piacentini, F., Piat, M.,
Pierpaoli, E., Pietrobon, D., Plaszczynski, S., Keskitalo, R., Bonaldi, A., Pointecouteau, E., Polenta,
G., Pratt, G. W., Prézeau, G., Prunet, S, Puget, J. -L., Rachen, J. P., Reach, W. T., Rebolo, R.,
SANDRI, MAURA, Reinecke, M., Bonavera, L., Remazeilles, M., Santos, D., Savelainen, M.,
Savini, G., Scott, D., Seiffert, M. D., Shellard, E. P. S, Spencer, L. D., Stolyarov, V., Sudiwala, R.,
Kisner, T. S, Borrill, J., Sunyaev, R., Sutton, D., Suur-Uski, A. -S., Sygnet, J. -F., Tauber, J. A.,
TERENZI, LUCA, Toffolatti, L., Tomasi, M., Tristram, M., Knoche, J., Tucci, M., Bouchet, F. R.,
Tuovinen, J.,, UMANA, GraziaMaria Gloria, VALENZIANO, LUCA, Vadliviita, J., Van Tent, B.,
Vielva, P, VILLA, FABRIZIO, Wade, L. A., Kunz, M., Wandelt, B. D., Wehus, |. K., Boulanger,
F., Yvon, D., ZACCHEI, Andrea, Zonca, A., Bucher, M., BURIGANA, CARLO, Butler, R. C.,
Calabresg, E., Kurki-Suonio, H., Catalano, A., Chamballu, A., Chiang, H. C., Christensen, P. R,,
Clements, D. L., Colombi, S., Colombo, L. P. L., Combet, C., Couchat, F., Coulais, A., Lagache, G.,
Crill, B. P,, Curto, A., CUTTAIA, FRANCESCO, Danesg, L., Davies, R. D., Davis, R. J,, de




Astronomy& Astrophysicsananuscript no. Planck_2015_XXVIII_astroph © ESO 2018
August 22, 2018

Planck 2015 results. XXVIII.
The Planck Catalogue of Galactic Cold Clumps

Planck Collaboration: P. A. R. A@& N. Aghaninf®, M. Arnaud®, M. Ashdowrf®°, J. Aumonf®, C. Baccigalugt, A. J. Banda§’é,
R. B. Barreir&®, N. Bartol#%%, E. Battanet®®’, K. Benabef-*3, A. Benoif®, A. Benoit-Lévy361%3, J.-P. Bernard®,
M. Bersanelf?4°, P. Bielewic24%84 A. Bonaldf8, L. Bonaver&®, J. R. Bond, J. Borrill'*%°, F. R. Bouchét-®’, F. Boulang€et®,
M. Buchet, C. Burigan&®3°%°, R. C. Butlef®, E. Calabresg, A. Catalan*"2, A. Chamballi3'5°, H. C. Chiang®®,
P. R. Christensé®®¢, D. L. Clement8®, S. Colombi%9, L. P. L. Colomb@%%7, C. Combet*, F. Couchof®, A. Coulais?,

B. P. Crillf™10, A, Curto>®®, F. Cuttaid®, L. Danes&, R. D. Davie$, R. J. Davié®, P. de Bernardfé, A. de Ros&, G. de Zottf>84,
J. Delabrouillé, F.-X. Déser®*, C. Dickinsoif®, J. M. Diegd®, H. Dolé?®%°, S. Donzellt®, O. Doré’*°, M. Douspi§®, A. Ducouf®°¢,
X. Dupac®, G. Efstathiof?, F. Elsnef®52% T. A. EnRIirf8, H. K. Erikser§®, E. Falgaron&, J. Fergussdn, F. Finell*8°, O. Fornp48,

M. Frailis*”, A. A. Fraissé®, E. Francesch?, A. Frejsef?, S. Galeott¥, S. Gallf!, K. Ganga, M. Giarc?*8, Y. Giraud-Héraud,
E. Gjerlaw®, J. Gonzalez-NueWd®*, K. M. Gorskf”98, S. Grattofi*®?, A. Gregorid®4"3, A. Gruppusé®, J. E. Gudmundssét
F. K. Hansef?, D. HansoA*¢"7, D. L. Harriso§2%°, G. Helod?, S. Henrot-Versill&®, C. Hernandez-Monteagutd®, D. Herran2®,
S. R. Hildebrandf1°, E. Hivorf*®3, M. Hobsort, W. A. Holmes$’, A. Hornstrug®, W. Hovest?, K. M. Huffenberge¥, G. Hurief®,
A. H. Jafe®®, T. R. Jdfe®*8, W. C. Jone¥, M. Juvel&®, E. Keihdne®, R. Keskitald®, T. S. Kisnef®, J. Knoché®, M. Kunz"692,
H. Kurki-Suonid>*3, G. Lagach&®, J.-M. Lamarré, A. Lasenby®, M. Lattanzi®, C. R. Lawrenc¥, R. Leonardi®,

J. Lesgourgudd® ™ F. Levrier?, M. Liguori?®®, P. B. Lilje%3, M. Linden-Varnlé®, M. Lopez-Caniegs®®, P. M. Lubir?’,

J. F. Macias-Péré%, G. Maggid’, D. Maing®?*?, N. Mandolest®2°, A. Mangilli®®’°, D. J. Marshaf®, P. G. Martir,

E. Martinez-Gonzalé2, S. Mast?, S. Matarres®%64L p. Mazzottd, P. McGehe¥, A. Melchiorrit®®!, L. Mendes?,

A. Mennell&?4°, M. Migliaccio®?%°, S. Mitra?>%7, M.-A. Miville-Deschéne®7, A. MonetP!, L. Montier®*®* G. Morganté?,

D. Mortlock®8, A. Mos$®, D. Munshf®, J. A. Murphy?°, P. Naselsk§+*, F. Nat?®, P. Natolf®348, C. B. Netterfield®,

H. U. Ngrgaard-Nielséfi, F. Novielld®, D. Novikov'’, I. Novikov®%77, C. A. Oxborrow?®, F. Pact, L. Pagand-®!, F. Pajot°,
R. Paladini’, D. Paoletti®0, F. Pasiaff, G. Patanchon T. J. Pearsoff®’, V.-M. Pelkonef’, O. Perderedd, L. Perottd?,

F. Perrott&, V. Pettorind?, F. Piacentinit, M. Piat, E. Pierpaof?, D. Pietrobofi’, S. PlaszczynsKi, E. Pointecouted(®,

G. Polentd®, G. W. Pratf?, G. Prézeal?®’, S. Prunét-®3, J.-L. Puge®’, J. P. Racheit’®, W. T. ReacfP, R. Rebol§*1437,

M. Reinecké®, M. Remazeille®%! C. Renault, A. Renz?>*2, |. RistorcellP*8, G. Roch&"10, C. Rossét M. Rossetfi>*,

G. Roudiet™2%7, J. A. Rubifio-Martif*37, B. Rusholm&’, M. Sandrfé, D. Santo$', M. Savelainef?*3, G. Savin??, D. Scot#?,
M. D. Seiferf™° E. P. S. Shellard, L. D. SpencéP, V. Stolyarow®®%°, R. Sudiwal&, R. Sunyae(?®, D. Suttori>5°,
A.-S. Suur-Uski®*3, J.-F. Sygnét, J. A. Taube®, L. Terenz{®®, L. Toffolatti*86548, M. Tomas?#?4°, M. Tristran®, M. Tucci’,
J. Tuovinef, G. Umané?, L. Valenziand®, J. Valiviite?>*3, B. Van Tent®, P. Vielvé®, F. Villa*, L. A. Wadé’, B. D. Wandel§19328,
I. K. Wehu$7, D. Yvont®, A. Zacchet’, and A. Zonc&

(Affiliations can be found after the references)

Preprint online version: August 22, 2018

ABSTRACT

We present the Planck Catalogue of Galactic Cold Clumps E&h all-sky catalogue of Galactic cold clump candidattected

by Planck This catalogue is the full version of the Early Cold Core (B@atalogue, which was made available in 2011 with the Early
Release Compact Source Catalogue (ERCSC) and containeligiSignal-to-noise sources. It is based on Rtenck 48 months
mission data that are currently being released to the astrimal community. The PGCC catalogue is an observatiortalague con-
sisting exclusively of Galactic cold sources. The thrednaggPlanckbands (857, 545, 353 GHz) have been combined with IRAS data
at 3THz to perform a multi-frequency detection of sourcddeothan their local environment. After rejection of pddsiextragalac-

tic contaminants, the PGCC catalogue contains 13188 Gatmirces spread across the whole sky, i.e., from the Galaleine to
high latitudes, following the spatial distribution of theam molecular cloud complexes. The median temperature &@®6&ources
lies between 13 and 14.5K, depending on the quality of thedknsity measurements, with a temperature ranging fromos28 K
after removing sources with the 1% largest temperaturenastis. Using seven independent methods, reliable diststiteates have
been obtained for 5574 sources, which allows us to derivie phgsical properties such as their mass, physical sizapndensity and
luminosity. The PGCC sources are located mainly in the s@aghbourhood, up to a distance of 10.5 kpc towards the Galzntre,
and range from low-mass cores to large molecular cloudsat&erof this diversity and because the PGCC catalogue nergaiirces

in very different environments, the catalogue is useful to investitpatevolution from molecular clouds to cores. Finally, thtatogue
also includes 54 additional sources located in the SmalLange Magellanic Clouds.

Key words. Submillimetre: ISM — ISM: clouds — ISM: structure — Galaxgcél interstellar matter — Stars: formation

arXiv:1502.01599v1 [astro-ph.GA] 5 Feb 2015

1. Introduction

* Corresponding author: Ludovic Montier,
Ludovic.Montier@irap.omp.eu The all-sky Planck’ mission has opened up the possibil-
ity of carrying out comprehensive investigations of the

! Planck (http://www.esa.int/Planck) is a project of the
European Space Agency (ESA) with instruments provided oy tw
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Fig. 1. All-sky distribution of the PGCC sources: 13188 Galactieneps plack dot3, plus 54 Large Magellanic Cloud
(LMC) and Small Magellanic Cloud (SMC) clumpgréy dot$ . The source distribution is overlaid on the 857 GManck
map, shown in logarithmic scale betweerrdt 10° MJysr.

Galactic emission components. With its high sensitivitio expand the physical parameter space probed by the pre-
and wide wavelength coveragBlanckis providing all- viously known cold sources. ThHelanckdetected sources
sky maps of the thermal dust emission and, in particulapan a broad range of temperature, mean density, mass, and
of the emission arising from cold dust. Because cold dusize. The most compact and nearby sources have a linear di-
is mainly associated with dense regions within moleculameter of~ 0.1 pc. At large distances, though, and because
clouds, these observations are relevant for studies of thithe limited instrument resolution, many sources have an
early phases of star formation, in particular to explore hointrinsic size of tens of parsec. More importantly, the av-
star formation depends on the physical conditions providedagePlanck cold clump, with a linear diameter of 1 pc,
by the parent cloud. To this end, it is necessary to invesis typically characterized by the presence of sub-strestur
gate the spatial distribution and physical properties osge each corresponding to individual cores, as revealed by the
clumps in diferent Galactic environments, and this objed-lerscheffollow-up (Juvela et a].201Q 2011, 2012 Planck
tive can be attained only by extended surveys, which c&ollaboration XXII, 2011, Montillaud et al, 2014 submit-
cover the full range of scales encompassed by the star ftae). The Herschelobservations also highlighted that the
mation process, i.e., from subparsec to several kpc. Planck sources likely correspond to figrent evolution-
During the past decade, new insights on the study afy stages, with half of the targeted fields showing signs
cold sources have been provided by sophisticated numericalactive star formation, as indicated by the presence of
modeling and by the development of sensitive millimetranid-infrared point sources. In addition, thkerschelhigh-
and submillimetre detectors, operating both from space aadgular resolution has allowed us to shed light on the fila-
from the ground, and with both imaging or spectroscopimentary nature of a substantial fractionRIinck clumps
capabilities (e.g., Sect. 1 iRlanck Collaboration XXIIl and has evidenced that, in one case out of ten, the clumps
2011)). By combining the highest frequency channels of thieave a cometary shape or a sharp boundary indicative of
Planck survey (353-857 GHz, 350—-8pfh) with the far- compression by an external forchigela et al.2012).
infrared IRAS (Neugebauer et al1984) data, and by ap- As part of the firstPlanck data release, the sample of
plying a dedicated source detection method, which levehe most robusPlanck detections has been already de-
ages on the cold sources spectral signature, we can obtaiared to the astronomical community. This Early Cold
an all-sky census of the Galactic coldest objects. In parti€lump sample (ECC) included 9Fanckcold clumps (at
ular, the method oMontier et al.(2010 makes it possi- T < 14K) that are distributed over the whole sk3l&nck
ble to separate cold and warm dust emission componer@sllaboration VI| 2011, Planck Collaboration2011). We
and to derive the physical properties (flux density, size afe now providing the entire catalogue of cold sources, i.e.
the emitting region, temperature) of the cold componerthe Planck Catalogue of Galactic Cold Clumps (PGCC),
FurthermorePlanckhas provided the first uniform submil-based on the fulPlanck2014 data release over the all-sky
limetre surveys that cover both the Galactic plane and r@ad shown in Figl.
gions at intermediate and high latitudes, which allows us In this paper, we describe the generation and content of
—— . the PGCC catalogue. A detailed analysis of the cold source
scientific consortia funded by ESA member states and led Bypylation contained in the catalogue will be presented in
Principal Investigators from France and ltaly, telescagiiectors Jorthcoming papers. In Secwe describe the data as well
provided through a collaboration between ESA and a scienti LS the source detection and extraction method. In Sect.

consortium led and funded by Denmark, and additional coutri . . . ;
tions from NASA (USA). we discuss the generation of the catalogue, including the
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applied quality flags for the source selection, and the phoftable 1. FWHM of the dfective beam of the IRAS and
metric measurements. In Seétwe discuss the source val-Planckhigh frequency channel maps.

idation process of the detection algorithm, based on a sta-
tistical analysis. In Sech we present the étierent methods

used to derive distance estimates for the clumps. In Sect. Frequency ~ Wavelength FWHM

we describe the derivation of other physical properties of [GHz] [um] [1

the sources such as mass and luminosity. Finally, in Sect. 353 850 4.818+ 0.024

we provide details on the cross-matching of the final cat- 545 550 4.682+ 0.044

alogue with ancillary catalogues and complementary data 857 350 4.325+ 0.055

sets. 3000 100 4.300+ 0.200

2. Source detection and photometry All Planckand IRIS maps have been convolved to the

same resolution,’5FWHM, before performing source de-
tection and extraction.
This paper is based on the whole observing time of the
Planck mission, corresponding to the 5 all-sky survey ;
Here we approximate thielanckbeams by usingféective "2.2. Detection method
circular Gaussiand?{anck Collaboration IY2014 Planck To detect cold sources in the combinBtinck and IRIS
Collaboration V| 2014). The Full-Width-Half-Maximum 3 THz maps, we applied theéoCoCoDeT detection algo-
(FWHM) at each frequency channel is given in Tablén rithm presented ifflanck Collaboration XXI1(2011), and
addition, in this work, we focus on the three highktnck described irMontier et al.(2010. This algorithm is based
frequency channels, i.e., 857, 545, and 353 GHz, which ave a multi-frequency approach which exploits the specific
designed to cover the Galactic cold dust emission pealalour properties of this type of sources. The detection is
The 217 GHz band has not been included in our analyspgerformed independently at 857, 545, and 353 GHz using
despite being characterized by an angular resolution cothe cold residualmaps, which are built by subtracting a
parable to the other bands, and this is for two reasonswgrm component from each frequency map. Thiarm
this band is strongly contaminated by the G€P—1 emis- component is estimated separately in each pixel by extrap-
sion line, as described iRlanck Collaboration 12014, olating awarm template, i.e., the IRIS 3THz map, to a
and this contribution is expected to be significant towardgven Planck frequencyy, using the local average back-
dense regions, given their associations with molecular mground colour estimated at 3 THz andand computed in
terial; ii) the contamination by the cosmic microwave baclkan annulus from 5to 15 centred on the pixel. The cat-
ground may become problematic in this band at high laélogues obtained in each of the thiekanck bands, 857,
itude, implying a complex component separation issug45, and 353 GHz, are then merged by requiring: i) a detec-
The noise in the channel maps is assumed to be Gausdgian in each band on theold residualmaps; ii) a signal-to-
with a standard deviation of 1.58072, 1.49«<1072 and noise ratio (8\) greater than 4 in all bands; iii) a maximum
1.4x10°3MJy srt at 857, 545, and 353 GHz, respectivelylistance between the centres of the three detections of 5
(Planck Collaboration,12014). The absolute gain calibra- These criteria assure cross-band detection consistency as
tion of High Frequency Instrument (HFI) maps is abouwell as source compactness. More details can be found in
1.2%, 6.08%, and 6.33% at 353, 545, and 857 GHz, rBlanck Collaboration XX11(2011).
spectively (see Table 6 irPlanck Collaboration,l2014). We emphasize that our methodfdis from classical de-
Further details on the data reductiddlanck frequency tection algorithms that typically perform the detection di
maps and the calibration scheme can be founBlanck rectly on frequency maps, as for instance is the case for
Collaboration VI(2014. the Planck Catalogue of Compact Sources (PEGGHick

The Planck data are combined with the IRIS all-skyCollaboration XXVIII, 2014). Our method allows a detec-
data (Miville-Deschénes & Lagache005), i.e., a repro- tion in temperaturecold sources show a positive signal in
cessed version of the IRAS data. As describedlanck the cold residualmaps, while warm sources show a nega-
Collaboration VII(2011) andPlanck Collaboration XXIII tive signal. More precisely, this technique allows us to en-
(2011, the IRIS 3THz (100um) data have been cho-hance sources having a temperature lower than the local
sen because they allow us to complementRleckdata. background. This does not automatically imply that the de-
In fact: i) 3THz is a very good tracer of Galactic warntected sources are intrinsically cold: for example, a seurc
(~ 20K) dust; ii) the emission from small grains does natould be detected a®ld simply because it is seen against a
contribute substantially at this frequency; iii) the IREB3)  very warm background (or foreground). This is the typical
and Planck data angular resolutions are very similar (seease of objects located along the line-of-sight of actiae st
Tablel). Note that the IRAS survey coverage presents twilorming regions. In building the catalogue, thifext has
gaps, which in total account for 2% of the whole sky. Ifbeen taken into account, as discussed in Sedét.
IRIS data, these gaps were filled in by using lower angu-
lar resolutionDIRBE data ¢ 40). Due to the discrepancy2 3 Photometr
in resolution between IRIS arldIRBE, these regions have =~ y
been excluded from our analysis. Furthermore, sources dere flux density of the cold clumps has been estimated from
tected by our algorithm close to the location of the gapRe IRIS andPlanckbands using the algorithm described
were carefully examined, since they might be contaminatgfl Planck Collaboration XXI11(2011). Here we recall the
by noisy features in the IRIS 3 THz map. main steps of the method: i) determination of the clump
size and position by means of an elliptical Gaussian fit of

2.1. Data set
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thecold residualmap at 857 GHz at the location where the3.1. Selection based on photometric quality
S/N is the highest; ii) polynomial fit of the background sur-
face at 3 THz and removal of the cold component from t

3THz warm template before extrapolation to tRanck
bands; iii) aperture photometry in all bands using the
liptical profile. We provide two estimates of the flux den
sity in each band, one for the cold clump and one for i
associatedvarm backgroundThe estimate for the clump
is based on theold residualmaps, after subtraction of the
warm component, while th@arm backgroundlux density

is computed from the warm component, extrapolated fro

3THz and integrated over a solid angle with the same si

; ith a negative flux density estimate, which can be
as the cold clump. The sum of these two values gives tR8UrCes Wit ensit ’
total flux density of the cold clump in the original IRIS anocau_s_ed by the presence of stripes in the data. The 13404 re-
Planckmaps. maining sources have been divided into three categories,

The uncertainty on the flux density estimates have be‘gﬁcordlng to the quality of their flux c_iensny. values (see
obtained by performing Monte-Carlo simulations. In pa ELUX-QUALITY flag). The three categories are:

ticular, for each source we inject one at a time, in an a
nulus extending from 10to 30 centred on the source it-
self and in both the IRIS anBlanck cold residuamaps,
artificial sources with the same flux density and elliptical
shape. This operation allows us to preserve the instrumen-
tal noise and confusion level of the original maps. The un-
certainty on the true source photometric measurement is haveFLUX QUALITY=1.

then given by the standard deviation of the flux densitie Y .
of theg artificigl sources when the same photometric Ste%s%tiliirésag;isezng\liTlHi?fgjllxt()j;nndssmgxczo?;g??hemllgl]s
are applied to both the true and artificial sources. We em- 3THz band. where we have obtaineg only an upper
phasize th_at our ﬂlrJ\X denflty_unce_rtamnfes are I_|ke|_y gfl}gh_ limit. These ’sources hre typically characteriead by low
conservative, as the confusion arising from injectingdfiarti fl ' i~

) ) . ux densities and extremely cold temperatures, and
cial sources in the proximity of the true source generates have no detectable counter[))/arts i thepinfrared. They

ﬁggg'o&zlr:cgzteaﬁ‘;%;2'%5}%3r']?j '.%f;ﬁiﬁdc'&@&é%‘gﬂla' are potentially interesting very cold clump candidates,
' and haveFLUX_QUALITY=2.

XXIIl (2011). We have performed a Monte Carlo Qualltycategory 3: Detection only : sources for which the qual-

e e e ety oLty of the eliptical Gaussian ft s very poo, s no
b P " reliable flux density estimate can be obtained. These

Catalogued sources aualty flags 1 inicate the atouracy on SOUICES are likely extended or embedded i a complex
9 . ytiag y environment. They haveLUX_QUALITY=3.

the estimated flux densities and sizes, and these flags are
used to divide the sources into three categories of increas-
ing flux quality, as described in Se@&t.L

Notice that a minimum distance of Hetween two
sources was required for detections at 857, 545, aHa
353 GHz. However, band-merging and elliptical Gaussi
fitting both modify the final centroid coordinates of th

e have seen that the detection algorithm described in

ect.2.2has been applied to the combireldnckand IRIS

ep THz data. After rejection of the spurious detections ob-

tained in the proximity of the gaps in the IRAS map, we
e left with 13832 sources. As a first validation step, we
ave used the quality of the photometric measurements dis-

cussed in Sec?.3to identify additional spurious sources.

Following this procedure, 428 detections 8% of the to-

[) are rejected because of highly inaccurate photometry.
e typical case of rejected sources at this stage is that of

@étegory 1: Reliable flux densitiés: sources with flux
densities at S> 1 in both Planck (857, 545, and
353 GHz) and IRIS 3 THz bands, allowing a full char-
acterization of their colour ratio and their temperature,
as required for their validation. These sources represent
the highest quality sample of the PGCC catalogue, and

We provide the number of sources in each category
in the first row of Table2. After removal of the contami-
nts, such as sourcefiexted by the presence of nearby
t sources (see Sec®.4) or extragalactic objects (see
a§1ect.3.3), we obtain the final numbers of sources shown
8n the last row of the Table. The all-sky distributions of the

qlumps, which therefore may not longer satlsfy_therﬁie- sources in eachLUX_QUALITY (hereafter FQ) category are
rion. Furthermore, elongated clumps may partially overlaé}]own in Fig.2.

even at a distance greater thanbgtween them. Because
Galactic very sources are preferentially found highlystru

tured regions of the Galaxy, where confusion is significan$,2. Blending issue
we have to face severe blending issues. After obtaining the
elliptical Gaussian profile of all the sources, we compu
the overlap between a given source and all its neigthL'JrP .
located within 15, All sources with a non-zero overlap ar Ised by the presence of a nearby and partly overlapping

flagged FLUX_BLENDING), and further information is pro- source. In this case, the fl@gUX_BLENDING is raised, and
vided, as detailed in Se@.2 an approximate estimation of the contamination level is

performed. This is expressed in terms of a relative bias

(FLUX_BLENDING.BIAS) of the original flux density esti-
3. Catalogue generation mate in each band, when flux density estimates are avail-

able for both involved sources. The median value of this
In this section, we describe the final selection of sourcasas is around-37%, although it varies greatly from one
starting from the source list generated by the detection @burce to another. This bias is only indicative and cannot be
gorithm. In particular, we discuss how we have increasgfed to correct the flux density estimates. A more accurate
the reliability of the catalogue by rejecting spurious $&sr estimate of these flux densities could be obtained by per-
and extragalactic contaminants. Finally, we provide d®taforming a detailed analysis on individual sources, which,
on the catalogue content. in particular, should take into account the local backgtbun

total number of 1757 sources ar&exted by blend-
g, i.e., their flux density estimates have been compro-
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Fig.2. All-sky distribution of the PGCC sources according to tHeEUX_QUALITY category: Reliable flux densiti€s
(FQ=1, top pane), "Missing 3 THz flux densityFQ=2, middle panél and 'Detection only (FQ=3, bottom panél
Sources located in the LMC and SMC are also shown in lighturslo
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fluctuations, hence the relative contribution of each seurers falling inside a radius of°38 centred on the Galactic
component to the integrated flux density. A visual inspecoordinates (302.67, -44.46), followirgtanimirovic et al.
tion to the ID cards of the blended sources may help to ggi999, are flagged XFLAG_SMC) as part of the SMC.

an idea of the complexity of each case. For each source iRemarkably, follow-up observations of the LMC and SMC
pacted by blending, we also provide the catalogue indexBfanckclump candidates have confirmed the nature of these
the companion sourc&UX_BLENDING_IDX) with the an- objects, as discussed in Appendix

gular distance to its centroi@LUX_BLENDING_ANG_DIST).

3.4. Nearby hot source contamination

The detection algorithrGioCoCoDeT (Montier et al, 2010
The goal of the PGCC catalogue is to contain a selectionased to extract the cold clumps from tRéanckand IRIS
large as possible of Galactic cold clump candidates. Sindata is designed to detect sources colder than a median
the CoCoCoDeT detection algorithm is applied to all-skybackground estimated in the neighbourhood of the source.
maps, it is possible to have contamination from extragalags stressed in Se@.2, this method allows us to detect cold
tic objects. Hereafter we describe the three independeagions embedded in a warm background, but it can also
methods that we have used to identify and reject this tygeeld detections of extended envelopes of warm sources that
of contaminants. appear colder than their environment but are not intrinsi-
The first step consists of a colour-colour selection afally cold. In some extreme cases, a hot source can cause an
‘radio-type’ objects, characterized by a flat spectral emverestimation of the background temperature in its prox-
ergy distribution (SED) in the submillimetre and millimetr imity and thus lead to spurious detections.
wavelength range. This kind of objects may have been de- In order to investigate this type of contamination, we
tected by our algorithm because of the flattening of theiise thecold residualmaps as an indicator of the warm
SED around 857 and 545 GHz, which tends to mimic lackground around the source and look for negative con-
cold black body spectrum. In this case, we have used ttiguous pixels. By definition, where theold residualis
353 GHz to 545 GHz flux density ratio to discriminate bepositive, the relative temperature is colder than the back-
tween radio-emitting and other type of objects. We founground, and the other way round, i.e., where the residual
26 objects with a rati®353/Ss45 > 0.9, typical of an ex- is negative, the temperature is higher. Thus we can build a
tremely flat or increasing SED in the millimetre domain. list of hot point sources by using the same detection algo-
The second step consists in cross-correlating thighm as for the cold clumps, but this time by applying it to
PGCC catalogue with extragalactic catalogues, such #se reverse of theold residualmaps. We then compute the
the Messier Kessier & Niles 1981) catalogue, the NGC minimum distance between any cold clump candidate and
(Dreyer, 1888 and IC Dreyer, 1895 catalogues of nearby hot source detections in a’l&adius from the cold clump
galaxies, and the 3CE@ge et al. 1959 Bennett 1962 coordinates centre. This yields 2464 cold-hot association
and 4C Pilkington & Scott 1965 Gower et al. 1967 with distances ranging from'@.to 15.
catalogues of quasars. The cross-correlation has been perWe emphasize that the presence of hot sources in the
formed using a 5radius, leading to 66 found associationproximity of cold sources does not lead systematically to
between a cold clump and an extragalactic object. spurious detections. This kind of association is expected i
In the last step, we have searched for possible opsitar formation regions, as both pre- and proto-stellarsore
cal counterparts in the Digitized Sky Survey (DSS) dataften reside in the same molecular cloud. In fact, the forma-
(Djorgovski et al, 2003. The whole sample of cold clumption of cold and compact condensations may even be trig-
candidates has been visually inspected to look for extendgered by nearby star formation. For this reason, we only
andor bright sources in DSS images located close to ogject cold clump detections that are associated with a hot
at the cold clump coordinates. After selecting some 8@&®urce located inside & Eadius from the cold clump coor-
sources with potential DSS counterparts, for each of thedmate centre (48 sources) and we flag the other 2416 cases
we have carefully examined ancillafyame et al.(2001) while providing the distance between the centre of the cold
CO data, extinction maps obtained with the NICER alg@lump and the hot sourc8§ARBY _HOT_SOURCE).
rithm (Lombardj 2009 and cold residualmaps. In addi-
tion, we have also searched for possible counterparts in t‘JQ% D . fih p
PlanckLow Frequency Instrument (LFI) data. The combi~~" escription of the catalogue content
nation of all these data sets has allowed us to identify 4%e final PGCC catalogue counts 13188 Galactic sources
sources that are likely of extragalactic origin. and 54 sources located in the LMC and SMC, divided
Finally, we have merged the three samples of extrgto three categories of flux density quali§LUX_QUALITY
galactic contaminants and rejected 114 unique objects fr@iig). The number of sources in each category is given in
the initial source list. Table 2. The Table also provides the number of sources
The CoCoCoDeT algorithm has also detected sourcegat are flagged due to the presence of nearby hot sources
in the Large Magellanic Cloud (LMC) and the Smal(NEARBY HOT_SOURCE flag) or because they are located in
Magellanic Cloud (SMC), which have not been rejecteghe LMC and SMC. The all-sky distribution of the PGCC
from the catalogue. Because of the proximity of these twspurces, overlaid on the 857 GiRtanckdata, is shown in
galaxies, thePlanck resolution and sensitivity allow the Fig. 1, while Fig. 2 shows the distribution per flux density
detection of individual cold clumps, forming a potentiafuality flag. The columns in the catalogue and their mean-
very interesting sample. Hence ®lanck clumps falling ing is given in TablesC.1 and C.2 in Appendix C. The
inside a radius of Q9 centred on the Galactic coordinateglistance estimates and related physical properties are de-

(279.03,-33.60), as defined Byaveley-Smith et a(2003,  scribed in Sectss and6. The PGCC catalogue is available
are flagged XFLAG_LMC) as part of the LMC, and 3 oth-

3.3. Extragalactic contamination
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Table 2. Description of the PGCC content, providing the
total amounts of initial, rejected, final and flagged sources 1.2[ - - - - - -
and split in each category of the flux density quality. I

|

IN
S857

> 15Jy]
FQ=1
Fo=2 1
FQ=3 ]

FLUX_QUALITY Total
1 2 3

Initial . ............ 7062 3833 2509 13404
Extragalactic sources . . 46 40 28 114
LMC/SMC ........ 19 25 10 54

Nearby hot sources . .. 4 13 31 48

Final ............. 6993 3755 2440 13188

Flag nearby hot sources 758 1025 633 2416
Flag blending ....... 726 528 503 1757
With distance estimate . 2940 1686 948 5574

Completeness

1_2_ T T T

online?, together with 30x30’ cutouts, respectively, from 7-0:' """"""""""""""""

the IRIS 3 THz, thePlanckfrequency map, and thelanck
cold residualmaps.

0.6F — FQ-3 - Fo=3 ]
4. Quality assessment : 1
4.1. MCQA simulations

Completeness (T, < 17K)

We have carried out a Monte Carlo Quality Assessment
(MCQA) to quantify the performance of the detection al-
gorithm applied to the combined IRIS 3 THz aRthnck
data set. To this end, we have generated all-sky simula-
tions by injecting artificial sources in the IRIS aRtanck
maps, and then applied tieCoCoDeT algorithm described

in Sect.2.2. In total, 150000 sources have been injected
over the whole sky, divided into 15 sky realizations. Each
source is characterized by a temperature, a fixed emissivity
spectral indey=2, a flux density at 857 GHz, and an ellip-
tical Gaussian profile (major and minor axis, ellipticitydan
position angle). The simulated sources are randomly dis-
tributed across the sky, using a uniform spatial distriuti

at a minimum distance of 1Zrom the truePlanck cold
clump centre coordinates.

The synthetic temperatures range from 6 to 20 K, while .
the synthetic flux densities at 857 GHz follow a uniform
distribution in logarithmic scale between 1.5 Jy and 500 Jy, 001 0.10 M [Kﬁ 10.00 100.00
indicating that we inject more faint sources that affee
tively detected. Temperatures and flux densities are inde- ) )
pendently assigned to a value, i.e., no functional reldtionF19- 3. Completeness as a function of the input tempera-
assumed between these two quantities. The ellipticitegariture op pane}, latitude (niddle pane), and massk{ottom
between 1 and 2, ar@ranges from 5to 7. pane) of thga injected sources. For the latitude and mass

We note that these simulations do not intend to accG@Ses, the input temperature was lower than 17K. In ad-
rately reproduce th@lanck cold clump properties. Their dition, when considering the dependence of completeness
goal is rather to cover entirely the physically accepfn mass, all the sources are assumed to be at 100 pc from
able parameter space, in order to allow us to recover tHt¢ Sun. Each panel shows the distributions obtained from
CoCoCoDeT transfer function. selecting only the sources in a givBhUX_QUALITY cate-

The detection and extraction procedure, described @91y I particular, FQ1, 2 and 3 correspond to the blue,
Sects.2.2 and 2.3, is then applied to the simulated dat&d"€en and pink curves, respectively. Finally, the dotted li
set, and a catalogue of detected sources, with corresppndih €ach panel denotes the completeness for the sample of
flux densities an@LUX_QUALITY flag, is built. sources with input flux densit$gs7 > 15 Jy.

Completeness (T, < 17K)

4.2. Completeness the Monte Carlo analysis described in the previous section,

we have investigated whether the completeness of the cata-

Completeness is defined as the ratio of the number of qSQue generated with th@CoCoDeT algorithm depends on
tected sources to the total number of injected sourcesgUsiamperature, Galactic latitude, flux density and mass.

2 ESAPGCC link
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Fig.4. Completeness (computed on a restricted sample of sourtlesnjgcted temperature below 17 K) as a function
of the injected flux density in the IRAS 3 THzop left pane) and Planck upper frequency bands, 857 GHpy right
pane), 545 GHz pottom left pang| and 353 GHzlfottom right panél It is shown per-category of flux density quality,
i.e., FQ=1, 2 and 3 categories (blue, green and pink, respectiveliyd cbmpleteness is also computed on a more restricted
sample of sources with injected temperature below 17 K attid avilux density accuracy better than 508a¢hed lines

The top panelof Fig. 3 shows the relation between The middle panelof Fig. 3 illustrates the complete-
catalogue completeness and temperature of the injectagbs as a function of Galactic latitude. Outside the Galacti
sources. The completeness is about 6@%dak solid ling plane, the completeness cumulated over all FQ categories
for temperatures lower than 10K, while it drops below 1%emains quite constant and around 60%, while it drops to
for temperatures larger than 17 K. In addition, the con80% for|b| < 10°. This &fect is expected and due to confu-
pleteness increases to almost 90%, for temperatures bekian in the Galactic plane. Sources with£Qand 2 present
10K if we consider only sources with input flux densities similar behaviour. On the contrary, the simulated sources
Sgs7 > 15 Jy (dotted line). This result confirms that with FQ=3 are mainly detected outside the plane, as ob-
t CoCoCoDeT is a method optimized to detect cold sourcesrved for the real PGCC sources in this flux category (see
embedded in a warm environment, while rejecting warimottom panebf Fig. 2).
sources. We also note that sources flagged witaF@.e., We have also explored the dependence of the complete-
Detection only are found in correspondence of relativelyness on the injected flux density in the IRIS 3THz and
warm temperatures (between 12 and 18 K), indicating th&lanckbands. The result is in Figl. The completeness of
as discussed in Se&.1, they might not be cold clumps. Onthe FQ=3 sources increases with flux density, especially at
the other hand, the completeness of the sources with2=Qthe two highest frequencies. This is indeed the behaviour
(i.e.,Missing 3 THz fluxincreases towards lower temperawe expect from relatively warm sources. Conversely, the
tures, further suggesting that they are probably very colcompleteness of the F€ sources, which are presumably
Notice that the completeness of sources with very low teraery cold, peaks at bright flux densities in the two lower fre-
perature (close to 6 K) is still about 60%, which means thajuencies, and at faint flux densities (below 1 Jy) at 3THz,
if these sources indeed exist, our algorithm is able to dehere it has not been possible to get any output flux density
tect them. Finally, the completeness of the most relialile sstimates. The completeness at 3 THz of the-EQources
of sources (F@1, blue) appears to peak (at 40%) arounthat, by definition, have /8l > 1, is about 20% below the
12K, ranging from 17K to 6K, i.e., the floor of the tem-IRIS sensitivity limit (1Jy), and may appear inconsistent
perature distribution of the injected sources. Because tiith it. This comes from the fact that completeness in a
detection éficiency drops to zero beyond 17 K, in the fol-given band is here defined based on the input source flux
lowing we limit the discussion to simulated sources witkdensity rather than on the output one. If we estimate the
temperatures lower than this threshold. completeness by using only the sources for which the re-
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Fig.5. Density distribution of the positionalfisets com- B ]
puted from 100 000 Monte Carlo realizations. Circles show i
the cumulative distributions at 68% (solid line), 90% (leng ool : : ]
dashed line), 95% (dashed line) and 99% (dotted line). 20 5
covered flux has an accuracy of 50% or mataghed ling 15
we obtain a result in agreement to withior With the IRIS § i ]
sensitivity limit, i.e., it drops to 0% for flux densities loel 3
0.5Jy. Interestingly, the completeness drops to 09&tas =
andSgss3 below 1 Jy and 0.3 Jy, respectively, for all FQ cat- :%
egories: these two bands define the detection limit of our ]
catalogue. Q5[
This flux density limit can be converted into a mass de- i
tection limit if we assume that all the sources are located ,; . .

at 100 pc from the Sun. The completeness as a function 10 100
of mass is shown in thbottom panebf Fig. 3. The cat- SNR
alogue appears very incomplete for sources with a mass be-

low 0.1 M,, which explains the lower cufdof the PGCC Fig. 6. Ratio of the recovered (OUT) to injected (IN) geo-

mass distribution in Figl1l. At the same time, for sources : : -
. . ' etric parameters for the simulated sources detected with
with FQ=1 the catalogue is complete at the 20% — 40 —1 and 2 ¥ (top), position anglerpiddle and ellipticity

level across the entire mass range, meaning that no m L : :
TS ' tom). The ratio is given as a function of the detection
selection is introduced b§oCoCoDeT. Therefore, the only SN estimated from theold residualmaps. The light and

(significant) bias introduced in the PGCC mass distribt&ark grey shaded regions (denoted by the dot-dashed and

tion originates from the availability of distance estinste . . S .
; ; ! . g-dashed lines, respectively) highlight the behaviafur
Finally, the simulated F&2 detections are characterize 596 and 68% of the sources, respectively, in eabhtsn,

by a higher degree of completeness for relatively high m fie median of the ratio distributions are shown with a solid

values, as also observed also for the PGCC sources. line. The 0%, 10% and 50% levels of uncertainty are over-
laid using a red solid, dashed and dotted line, respectively
4.3. Geometric accuracy

By geometry we mean the ensemble of parameters (e.gainty. The median of the positiorfiset distribution is 10.
centroid, ellipticity, position angle and equivalent fwidth  Thus, despite background confusion, our catalogue appears
half maximum) that describes the location, size and orient® contain accurate source coordinates.
tion of the source. The accuracy of these parameters is cru- We have also checked the accuracy for the other geo-
cial for accurate photometric measurements, as descrilvedtric parameters. For this purpose, we have investigated
in Sect.2.3. the relation between the ratio of the recovered to injected
Figure5 summarizes the catalogue positional accuraayuantity (OUTIN) and the @&N. The result is illustrated in
which we define as thefiset between the input and theFig. 6.
recovered centroid of the synthetic sources. The cumula- For each bin in 8N, we have computed the cumula-
tive distributions are shown at four confidence levels: 68%ye OUT/IN distributions and corresponding median (solid
90%, 95% and 99%. 68% of the sources have a recoveti): in Fig. 6, each panel shows 68% (light shaded con-
centroid with a 02 uncertainty, and 95% with &®uncer- tours) and 95% (dark shaded contours) of the sources at
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a given frequency. The uncertainty on the recovered posi-
tion angle (Fig6, middle panéland ellipticity (Fig.6, bot-

tom pane) is very good, and below 10% for 68% of the 5E
sources at Bl > 6. When we include 95% of the sources at

SN > 6, the uncertainty varies between 20 and 30%. Note - 4f  _ 3
that for SN > 10, the uncertainty on the recovered parame- >~ ¢ Pé SN ~4
ters remains fairly constant up to very higiNSThe recon- 3 :
structed size of the sources, (Fig. 6, top pane) appears mé,

more uncertain at all/8l, with an uncertainty of about15

to 20% for 68% of the data afI$ > 6, and+30% of uncer-
tainty when we include 95% of the data. More importantly
the recovered is systematically underestimated by about
10% compared to the injected one, due to background. This
effect has a direct impact on the photometric accuracy, as
discussed in the following section.

15 b e e —
4.4. Photometric accuracy § T
> L R T T S g e g iy iy
Following a procedure similar to the one applied in the < "0_\ _______ ——————
case of the geometric parameters, we have estimated theac® = ’:_’:___._ """"""""""""""""""""""""
curacy of the photometric measurements. Accordingly, we o Fv-=" 7T ]
have computed the ratio of the recovered (OUT) to injected 1
(IN) flux densities and analysed its behaviour as a function i
of S/N. We have limited the analysis to sources with=HQ 0.0[ , , 1
at 3 THz and F@1 and 2 in thePlanckbands. 201 ]

The poorest performance appears to be in the 3THz
band. The 8N has to be as large as 15 for the accuracy
to reach a level of about 50% for 68% of the data, while
the uncertainty is higher by a factor 4 if we include 95% of
the distribution. At lower 8N (< 15), the OUTIN ratio can
reach a factor of 10, while, by definition of FQ, it should
be below 2, because of tlsé’o%g/o-s%g > 1 contraint. Thus,
the uncertainty at 3 THz is severely underestimated during
the photometry measurement. i

If we compute the ratio of the flerence between the ool :
recovered and injected flux density to flux density uncer- 29[ ' ' ]
tainty, (Sgpo0 - Shooo/oseur, We find a mean value of 5. We [ ]

S, OUT/IN

3000
interpret this result as due to the fact that, at this freqyen

the performance of the photometric measurements is domi- 15

nated by modeling uncertainties, such as the removal of theS | '\\
warm background. However, thigfect does not introduce § Y e R
any bias on the flux density measurements at 3 THz. g e — —

E—

The photometric accuracy of the photometry in the =l K R
Planckbands (second, third and fourth panel from the top 5[
in Fig. 7) is much better than at 3 THz. Indeed the uncer- I
tainty goes down to less than 10% for 68% of the sources at i
SN > 6, once the data are bias-corrected. In fact, the flux 0 : :
densities in thd”lanckbands are systematically underesti- 10 SNR 100
mated, i.e., by 10% at low/N and by 5% at high 8, as
a consequence of the underestimatio ¢éee Sect4.3), _ ) o
a well-known éfect also studied in the framework of bothFig. 7. Ratio of the recovered (OUT) to injected (IN) flux
the ERCSPlanck Collaboration VI{2011) and the PCCS densities for the simulated sources detected witk-F@nd
Planck Collaboration XXV11(2014); Planck Collaboration 2. The ratio is given as a function of the detectighl &s-
XXVI (2015. This bias is about at the same level as the fldimated from thecold residualmaps. The light and dark
density uncertainty, thus it is included in the tincertainty. grey shaded regions (denoted by the-dashedandlong-

dashed linesrespectively) highlight the behaviour of 95%
and 68% of the sources, respectively, in eaf¥ Isn. Note
5. Distance estimates that at 3THz {op pane) we only consider sources with
FQ=1, and the corresponding contours and shaded regions
X . . e highlighted in colour. The median of the ratio distri-
timates for the PGCC sources which have been obtained fions are shown with solid ine. The 0%, 10% and 50%
using four diferent methods: i) cross-checking with kine-

matic distance estimates already available, ii) using the Ouncertalnty levels are overlaid using a saiid, dashedand

tical or near-infrared extinction due to the PGCC sources g(s)tted ling respectively.

S

In this section we describe the derivation of the distanee

10
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an indicator of their distance, iii) associations with kmow  We adopted the following prescriptions bfc Gehee
molecular complexes, iv) estimates from the literature. (2015 in preparationto build a final selection of robust
distance estimates: i) distance estimates obtained wéth th
M dwarf based techniqueMc Gehee 2015 in prepara-
tion) towards sources with an extinctidf(B — V) < 0.4

The Simon et al.(20063 and Jackson et al(2008 cata- are rejected, and ii) distance modulus estimates with uncer
logues of infrared dark clouds (IRDC) provide kinematiginties larger than 1.0130 and 0.7317, for Beary et al.
distances for 497 objects. These distances are obtained 2§12 or Mc Geheg2015 in preparatiommethods, respec-
combining the gas observed radial velocity with a Galacttévely, are also rejected. Furthermore we have performed a
rotation curve, in the assumption of gas circular motioganity check on the altitude of the sources, rejecting those
Accordingly, an observed radial velocity at a given |ongNVith an altitude above or below 2 times the Galactic scale
tude corresponds to a unique Galactocentric distance §@ight, which has been recently estimatedJoyes et al.
lution while, at least in the inner Galaxy, two heliocen(201]) at 119-15pc.

tric distances are allowed. By cross-correlating the PGCC Two sets of distance estimates are finally provided
sources with the IRDC catalogues in ‘aradius, we have using optical extinction with SDSS data, depending on
found 92 associations, mainly located along the Galactite SDSS data version. Hence 1083 sources have been
plane. To these sources we have assigned the distance #iggjgned a distance estimate based on the DR7 SDSS
DIST_KINEMATIC. We note that, when two heliocentric so-data version using th@&erry et al. (2012 method [2]
lutions are available, we always choose the near solutiddistance flagpIST_OPT_EXT_SDSS_DR7) and 191 sources
An arbitrary 25% uncertainty on these distance estimatedigsed on the DR9 SDSS data version using khe
adopted. In the following, we will refer to kinematic dis-Gehee(2015 in preparationmethod [3] (distance flag
tances as method [1]. DIST_OPT_EXT_SDSS.DR9).

5.1. Kinematic

5.2. Optical extinction 5.3. Near-infrared extinction

Distances derived from optical extinction are based d#y comparing observed stellar colours to the predictions of
processing of two independent Sloan Digital Sky Survéfie Besancon Galactic modéRgbin et al, 2003 Robin
(SDSS) photometry-based data sets containing the co@t-al, 2012, we have attempted to infer the most prob-
puted distances and interstellar reddening to each ster. Bple three-dimensional extinction distribution along the
first data set, based on SDSS DR7 photometry and cdine-of-sight. The line-of-sight extinction is parametd
ering 1467 PGCC sources, is that Bérry et al.(2012 using a number of points, each described by a distance
who fit reddening and the stellar locus colours@dvey and an extinction. These parameters are probed using a
et al.(2007) to the observed photometry. The second datdarkov Chain Monte Carlo (MCMC) method, based on
set, fromMc Gehee(2015 in preparation makes use of the Metropolis Hastings algorithm with iGterations.
the SDSS DR9 catalogue. This targets a total of 1769 cdWpdeled stars are reddened using linear interpolation be-
clumps and computes the reddening frgm i colour ex- tween points and comparison with observations is per-
cess, where the intrinsic stellge- i colour is derived from formed on the colour distribution using a Kolmogorov
the reddening invariant indices defined ldgGehee et al. Smirnov test.
(2009. Stars are chosen from the Two Micron All Sky Survey
Distance moduli values and uncertainties for each col@dMASS, Skrutskie et al. 200§ point source catalogue
clump are inferred from analysis of 100 Monte Carlo runéat lie within the ellipse defining the cold clump, so in the
using stars within a YQradius of the catalog position. Forlocation of the cloud along the line-of-sight should be de-
each realization the distance moduli &8(@-V) reddening tectable as a sharp rise in extinction. The resultant extinc
of each star are randomly varied assuming normal distribiien vs distance profile is then analysed to detect the pres-
tions of N(0, 0.282%) andN(0, 0.072), respectively, These ence of any clouds. The dust density with respect to dis-
variance values, which are similar for both data sets, weli@nhce is calculated via the derivative of the extinction dis
computed by propagating the observed stellar locus wid@nce relation and the flise extinction is estimated from
in low extinction @ < 0.05) regions and the stated photothe continuum. Any peaks in dust density-3ver the dif-
metric uncertainties through the relations E({B — V) and fuse are flagged. If a line-of-sight contains more than one
m-— M. cloud, the one with the highest extinction is chosen and
Each of these profiles are processed by a Canny edfje presence of a second cloud is flagged. Only lines-of-
detection filter Canny 1986 with the location of the cold sight with a single detected cloud have been included in the
clump set by the distance modulus for which the edge deresent PGCC catalogue. S _
tection signal is maximized. A Gaussian sigma of 0.3 ma%- The principle of the method is similar to that described
nitudes inm — M is used in the Canny filter for smooth-by Marshall et al.(200§ and Marshall et al.(2009. The
ing and noise reduction. Implicit in this approach is the agnotivation for the change in our case is to provide more
sumption that there is only a single interstellar cloud glorfobust estimates when stellar density is low, as well as to
the line-of-sight. For each PGCC source we assign a vali@re fully characterize the uncertainty via the MCMC ex-
and uncertainty to the distance modulus based on the mgderation of the parameter space.
and standard deviation of the distribution. This distibat ~ The former version of this method was first applied in
is obtained via kernel density estimation [KDE] on a 0.0Marshall et al.(2009 on the Simon et al.(20063 MSX
magnitude grid using the values returned from the Mong&talogue of IRDCs, providing 1218 distance estimates.
Carlo realizations and with the bandwidth of the KDE seAfter cross-correlating the PGCC sources with this IRDC
by the normal distribution approximation. catalogue using a’Fadius, we have found 182 associa-
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tions, leading to the distance estimates of the method [#ble 3. Molecular complexes used to assign a distance es-
(DISTNIR EXT_IRDC field). We have adopted an uncertimate to the PGCC sources. For more details see Selct.
tainty for the distance estimate of 25% followiMgarshall
et al. (2009 prescriptions. The improved algorithm has

been then applied to the PGCC sources using 2MASS data. ngme | b Area Distance No.
After performing the sanity check on the altitude (as for the [deg] [deg] [ded] [pc]
- L ) ) A 9 g p
optical extinction methods), and including 787 upper Ignit— i
(marked as negative estimates), this has led to 2810 eéﬁll-“"?‘ Selrpens : 38 23 30 268 55[3i 51
mates (method [S]DIST_NIR_EXT field). The uncertainty Pogglso';;‘:gan's' : i 4?;3 246 1135; ?f”% gg . (158
0|r|1 trtl)es?] ne\lN se_tr?fdlstance estimates is provided indiviglfjz , Major .... 148 35 44 350 350 >
ally by the algorithm. Taurus . ... .. .. 177 -15 440 140+ 158 384
Taurus Perseus .. 163 -15 440 230+ 200 224
AOri. ... .. 196 -13 113 400+ 401 70
5.4. Molecular complexes Orion ........ 212 -9 443 450+ 50 333
A simple inspection of the all-sky distribution of coldchamaeleon.... 300 -16 27 170+ 15{2 114
clumps (see Figl) suggests that it follows the distributiorfOPhiuchus . .. ... 35 17 422 156 5 316

of known molecular complexes at intermediate latitude, H§rcules . . . . .. 45 9 35 30@75° 19

it is illustrated in AppendixB. Many of these molecular [ Bontemps et ak2010; [l Loinard (2013; 1¥! Schiafly et al(2014);

complexes have distance estimates in the literature. To as? Murdin & Penston(1977; &I Bertout et al.(1999; ) Andersson
sign the distance of a complex to a particular cold clump,gtal (1993

we have used the all-sky CBlanckmap. In particular, we

havelchef:kec: thg [k))resence of a g||<ven PG({’%?”‘?'”%%hing to a source an average distance computed from
a molecurar cloud, by using a mask generated from the ividual estimates obtained from veryfigirent meth-

map. This method has been applied to 11 molecular co - :
plexes listed in Tabl& and located outside the Galactic@ds' Importantly, we have checked the internal consistency

. e . among the available estimates for a given clump using the
plane, which allows us to minimize thé&ect of confusion. foIIow?ng relation: 9 P 9
Following this procedure, we have obtained 1895 distance '

estimates (method [6DIST_MOLECULAR_COMPLEX field)

with associated uncertainties. Xp = i Z (M) <1, (1)
Cﬁ 7] o + oj

5.5. Herschelfollow-up wheren is the number of available distanc&,andD; are

As mentioned in the introduction and further discusseéfe distance estimates and their corresponding standard de
in Sect.7 we have performed a high angular resolutioMiationo; andoj, andCr% is the number of combinations of
follow-up with the PACS and SPIRE instruments on-boargirs between theestimates. A valu¥p < 1indicatesthat
Hersche]in the framework of thélerschekey-programme the mean distance bgtween dlstance_ estimates is compati-
Galactic Cold Cores (HKP-GCC). This follow-up pro-ble with a 1o~ uncertainty on each estimate. We have used
gramme has targeted 349 PGCC sources, for which we h&e Xo parameter to assign BIST_QUALITY flag to each
obtained distance estimates from the literatiergtillaud source. In particulaiXp can take up the following values:
et al, 2014 submittel] the most reliable of which (228 _ , ) . . . )
sources) are reported in the final catalogued and flag d"No estimate : no d|s.tance estimate available; .
asDIST_HKP_GCC field. In the following, we refer to this 1."Consisterit : few estimates are available and consistent
method as method [7]. within 1o (Xp < 1);

2."Single' : one single estimate;

3. "Unconsistenit : few estimates are available, but not
5.6. Combined distance estimates consistent within & (Xp > 1);

We rank all methods by increasing order of confidencAé "Upper limit' - only an upper limit is available.

level, starting with the kinematic estimates ([1]), whielvs pqjiowing the procedure described above, we have ob-
eral authors indicate as less reliable than extinction esfineq a total of 5574 distance estimates distributed acros
mates Foster et al.2012), due to the distance ambiguityiha \yhole sky with an associatedST_QUALITY flag. The

in the inner Galaxy. The estimates derived from optical ¢;ethod selected for each distance estimaIsT) is spec-
tinction are ordered as [2] then [3], according to the SDSgeq with the DIST_OPTION field, which ranges from 0 to
data release version (DR7 to DR9). The estimates obtaingdsee Taplet). The statistical properties of the distance
from the near-infrared extinction come next, starting fronistripution are shown in Tabke We emphasize that these
those obtained towards IRDCs ([4]), and then consideringsiance estimates have been compiled without taking into
the ones from the improved algorithm ([S]). The associgj;cquntthe quality of the photometric measurements. In to-
t!on with molecular comple_xes ([6]) provides conS|_stent €%al, there are 4655 PGCC sources VIMIST_QUALITY flag
timates for sources belonging to the same cloud. Finakly, taq 4] 10 1 and 2. Of these, only 2489 sources have reliable
distance estimates derived from the analysis ofteeschel )« densities in all bands (F€L), while 1378 sources have

observations appear as the most reliable ([6]). reliable flux densities in thBlanckbands, but not at 3 THz
In the final catalogue we have assigned to each SOUIERY-2). For more details see Talfie

a unique distance valu@1sT) , corresponding to the dis- = "t cross-correlation between theST_QUALITY and

tance estimate with the highest confidence level among tf‘E:UX_QUALITY flags is shown in Tablé, and reveals that
available estimates. This approach allows us to avoid gs1y 2489 sources have both reliable distance estimates
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Fig. 8. All-sky distribution of the 4655 PGCC sources for which ataige estimate with BIST_QUALITY flag equal to

1 or 2 is available. The various types of distance estimatesl@fined as follows : kinematic (purple), optical extinati
(blue), near-infrared extinction (green), molecular cter@ssociation (orange), atersche[HKP-GCC (red). We also
show the distribution of the 664 sources with an upper-lestimate PIST_QUALITY=4) provided by the near-infrared
extinction method in light green. The regions covered byniwecular complexes are shown as black contours (see
Table3).

L ——  Final E
1000 - -~ Kinematic -
: ~-=-= Optical Extinction
L1~ —=  NIR Extinction R
1005 i Molecular Complex 3
= S Herschel KP-GCC
10K 1 3 g
E: =
1 —
10
Distance [kpc]
Fig. 9. Distance distribution per type: kinematic, optical ex-
tinction, near-infrared extinction, molecular comples@s i -
ciation, andHerscheHKP-GCC. x[kpe]

Fig. 10. Distribution of the PGCC sources as seen from
DIST_QUALITY=1 or 2) and reliable flux densities in allthe North Galactic pole. Only distance estimates with a
bands (F@1), while 1378 sources have reliable flux densBIST_QUALITY flag equal 1 and 2 are plotted. fBrent
ties inPlanckbands but not at 3 THz (F£2). methods have been used to derive the distances: kine-
The spatial distribution of the sources having a distaneeatic (purple), optical extinction (blue), near-infrarext
estimate (see Fig) strongly depends on the adopted distinction (green), molecular complex association (orange)
tance method. For example, sources with distances derieetiHerschelHKP-GCC (red). We also show the distribu-
from optical extinction (blue) mainly follow the SDSS sky-tion of the distance upper-limitd{ST_QUALITY=4) pro-
coverage, while distances obtained from associations witltled by the near-infrared extinction method (light green)
molecular cloud complexes present a patchy distributiolhe red dashed circle shows the 1kpc radius around the
mirroring that of the host clouds (orange). The near-ifdar Sun. Blackdashed linesepresent the spiral arms and the
extinction estimates (green) are mostly concentrated focal bar. The black circles, centred on the cross, provide
wards the inner Galactic plane where the density of staga indication of the location of the molecular ring.
is suficient to provide high extinction contrast, while the
near-infrared extinction upper-limit estimates (lighegn) o ) ] ]
are spread at larger latitudes for the same reason. A similar type of consideration applies to the analy-
sis of the statistical distribution of all distance estiegat
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Table 4. Number of sources with a distance estimate fatispersion; ii) as defined by the lower and upper limits of
each of the seven methods, before (column 2) and aftBe 68%, 95% and 99% confidence intervals of the Monte
(column 3) the combination process described in Se6t. Carlo distributions. The latter takes into account the non
in which only one distance is selected among the ongaussian behaviour of the same Monte-Carlo distributions.
available. The repartition between methods of the final dis- Figure 11 illustrates the temperature, column density,
tance estimates provided in the catalogDes( field) is size, mass, mean density and luminosity distributions for
shown in columns 4 to 7 for each category of the distantiee PGCC sources witALUX_QUALITY equal to 1 and 2.
quality (DIST_QUALITY flag) : Consitent(1), Single(2), We recall that sources with €1 have reliable flux den-
Unconsisten3), Upper limit (4). sities in both the IRIS 3 THz anBlanckbands, which al-
lows the derivation of reliable temperatures and emissivit
index, while sources with FER are likely faint and cold,
and their temperatures estimated are obtained using onl
Method Init Ncl):inal 1 DISE'QUAL?Y 4 thethredDIancFIzbands and a fixed emissivity spectral ir?dex g
- of 2. In the case of physical quantities for which a distance

E} glgfrgitt.chF'{'?' 10?3% 721% - 72137 '2 N e_stimate is needed, we also require thBST_QUALITY is
[3]Opt Ext. DRO 191 173 63 89 21 - eitherlor2. . ) . .
[4NIR Ext. IRDC 182 106 19 81 6 . Additionally, we investigated the impact of the individ-
[GINIRExt. .... 2810 2491 138 1601 88 664 Ualuncertainties estimated above on the overall souree cat
[6] Complexes .. 1895 1834 177 1576 81 - alogue distribution for each physical quantity. To this end
[7]HKP-GCC ... 228 228 67 104 57 - we have again used a Monte-Carlo approach. In this case,
Total ... 5574 464 4191 255 664 [OF €ach quantity, we build 10000 synthetic samples with

the same number of sources as the original sample. Then,
starting from the computed values, we add random noise
Table5. Number of sources with a distance estimate in eagfased on the uncertainty associated with each source. At
category of thedIST_QUALITY andFLUX_QUALITY flags.  this stage, we generate the ipper and lower contours for
each of the 10 000 samples, where theliinit is estimated
based on the median of the distribution. Fig.shows, as
expected, that the contours follow reasonably well the dis-
tribution of the computed values when the uncertainties are
240 146 78 relatively small. On the contrary, there is quite a signiftca

2%1‘2 12835 75110 departure from these when the uncertainties are large.

335 220 109

DIST_QUALITY  FLUX_QUALITY
1 2 3

A WNBE

6.1. Temperature and emissivity

(see Fig.9). The near-infrared extinction and kinematicl N Source temperatures and the local warm background
methods allows us to probe distant regions (from 1 kpc {§Mperatures have been estimated using the flux density
9kpc) across the Galactic plane. On the contrary, the dﬂ;l_easurements and their corresponding uncertainties in the
tical extinction and molecular complex associations metfRIS 3 THz band and th@lanck 857, 545, and 353 GHz
ods are applicable in the nearby Galaxy only (up to 1 kggannels (see Sed.3). The fits of the SEDs have been
and 0.5 kpc, respectively). As seen from the North Galactterformed assuming that the emission can be described as
pole (Fig.10), the complementarity of the iérent meth- @ modified black body:

ods shows clearly. About 88% of the sources with a reli= _

able distance estimat®@IST_QUALITY=1 or 2) lie within F, = FLoBT)0/vof 2)
2kpc from the sun. Therefore, the PGCC catalogue mainkhereF, are the observed flux densitigsis the emissiv-
probes the solar vicinity. It is interesting to notice thag t ity spectral index T is the fitted colour temperature, and
distribution of the PGCC sources at larger distance f()ﬂ:-m0 is the fitted flux density at a reference wavelength
lows at first order the Galactic arms and the molecular rinh Eq. 2 we have assumed that the observed emission is
This is especially significant for the Perseus arm towardsptically thin at frequencies < 3 THz, that the emissiv-

the outer Galaxy and for the Scutum-Centaurus and Normg spectral index is constant within the fitted wavelength
arms in the inner Galaxy. We conclude this section by erfange, and that the source is isothermal. The first two as-
phasizing that, due to the variety of distance estimatons, asumptions likely hold, however, the sources are not neces-
statistical analysis involving distances or the relateg@injid  sarily isothermal. In particular, the temperature is expec
ties, will be dfected by severe biases which, given the fags vary along the line-of-sight due to radiative transfer ef
that the catalogue is not flux density complete, are very hagtts, with lower values in the inner, denser part of the
to quantify. clump than the averaged colour temperature obtained from
Eq. 2. The derived column density and mass can then be
underestimated up to a factor $qard et al. 2012. For
each source, two independent temperature estimates have
For thePlanckGalactic cold clumps we have derived: tembeen obtained, i.e., by fixing the emissivity spectral index
perature, column density and, when distance estimates Ard0 2.0, or by lettingd be a free parameter. These esti-
available, size, mass, mean density and luminosity. THeates and their uncertainties have been calculated with a
propagated uncertainties on the computed quantities are $MC approach, using a Bayesian formulation with flat
tained, for each clump, from #Monte-Carlo simulations priors distributions for the temperature, emissivity spaic

and are provided in two fierent fashions: i) asdstandard index (when this is a free parameter), and the amplitude

6. Physical parameters
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of the fitted modified black body (sekivela et al.2013 drops to zero below 9 K, while the expected detectifin e
and references therein). The allowed parameter ranges aiency is still about 15% below 8 K for the same category.
50<T < 30K, 05 < B <5.0andF,p > 0.0. Considering now sources with FQ, about 0.5% of the
The MCMC calculations have been made in chunks sample exhibits temperature below 8 K, but no sources be-
107 iterations. After reaching convergence (following théow 5.8 K, where the expected completeness reaches almost
initial burn-in phase), the parameters have been estimatsf for the same category. The lower temperature limits at
from the final 5<10’ steps. The parameters values quoted 816 and 5.8 K for sources with F€l and 2, respectively,
the catalogue correspond to the mean and the marginalisggbear therefore as physical thresholds, rather than a bias
68% confidence intervals calculated from the MCMC santroduced by the detection algorithm. However, it is im-
ples. The uncertainty of the MCMC temperature estimafortant to keep in mind that colder sources (below 6 K) may
caused by the finite length of the MCMC chain is alwaystill exist on smaller angular scales.
negligible.
For sources with F@1, we have compared the tempera- .
ture and emissivity spectral index obtained frgfrfits and 6.2. Size

from the MCMC results, and these are on average withirhe geometric parameters of the PGCC sources are derived
1%. For sources with the lowest\§ the x> method tends from the photometric measurements by means of an ellip-
to give higheiT values and lowes values than the MCMC tical Gaussian fit to the 857 GHmld residualmap with
technique. This is consistent with the behaviour found isin elliptical Gaussian. From the fit, we can estimate: the
simulations where, whegiis treated as a free parameter, theource centroid, its major and minor axis, ellipticity ard p
joint probability distribution ofT andg is asymmetric and sijtion angle. In the catalogue, these quantities are dtaila
presents a long tail towards low temperatures and high vahly for sources with F&1 or 2.
ues of the emissivity spectral indeuela & Ysarg2012 The distribution of, defined as the geometric mean of
Shetty et al.2009. The standard deviations of the MCMCthe major and minor FWHM§ = \Brmaifhmin, is shown in
vs x* estimates are-(T) = 0.3K ando(8) = 0.08. Again, Fig. 11. The PGCC sources have an averdgs 7’5 (red
these numbers reflect mostly the behaviour of sources WiiHshed ling thus appearing slightly extended with respect
the lowest BN measurements. In general, théelience be- to the dfective beamgpsr, at 857 GHz (4.3250/055,
tween the MCMC ang® estimates are not significant wherpjanck Collaboration, 12014. We have also computed the
compared to the uncertainties. The MCMC results have alggrinsic size g, of the sources by deconvolution of the ob-
been compared tg? fits performed over a regular grid with served diameter from theffective beam, and yielding an
a stepAT = 0.2K andAg = 0.05, where, at each grid posi-ayerage value of 6. We have obtained an averagfps r
tion, we fit only the amplitude of the model spectrum. Theatio of 1.4, which is consistent with other similar ob-
results are consistent within the uncertainties, configmiservations, e.g., by BLAST (1.Netterfield et al. 2009
that MCMC has correctly localised the absolute minimuming Bolocam (1.5Enoch et al. 2007). This efect might
across the entire allowed parameter space. have to do with the hierarchical structure of the interatell
We stress that the temperature estimates of the Sourg@sdium, and to the fact that cold clumps are likely to be
correspond to the temperature of the clump-only after rgharacterized by the presence of extended envelopes. Note

moval of the warm background, while the colour tempethat, statistically speaking, PGCC sources with-AQ@r 2
ature is usually associated with the total emission on th@yve comparable distributions.

|ine-0f-sight. The reSUIting C|ump temperature dIStl‘ib[]t The e|||pt|c|ty Of the sources is defined as:

is shown in Fig.11 for the two categories of sources, with

FQ=1 and 2. When the emissivity spectral indexs al- 0 \2

lowed to vary éolid lineg, the temperature of thBlanck &= /1 - (ﬂ) ) (3)
cold clump candidates with F€]1 ranges from 8.6 to 30K, Omaj

and actually from 10.5 to 19.9K when excluding the 29

. ; S s shown in Fig.11, PGCC clumps exhibit a distribu-
extreme percentiles, with a peak of the distribution at &boj, -y X ; ;
14.5K. Likewise, when we takg=2, the distribution is tlon of the ellipticity peaking around 0.9 with a median

. value of 0.83, larger than the average ellipticity of the
narrower (ranging from 6 to 22.5K, and from 11.1 Qe e peam at g857 GHz, which is %boutpo.m)zla(nck
16.8 K when excluding the 2% extreme percentiles) but st allaboration | 2014. While the uncertainty on the ma-

peaks around 14K. These values are about 1K higher tl]gp and minor FWHM determination can lead to an artifi-

the temperature estimates derivedllanck Collaboration - ; ; o
XXl (2017). This can be ascribed to the change in calibr cial elongation of the sources, we estimate that a 45% level

tion of thePlanckhigh frequency bands (857 and 545 GHz f uncertainty is required to produce a median value of the

; llipticity of 0.83 instead of 0.7, whereas thi@extive accu-
with respect to the data used for tRéanck Early Papers PR
and the%lanck Results 2013 (se®lanck Collgborgtion racy of the recovered ellipticity is about 10% (see Sed.

S ... Therefore, the observed elongation of the PGCC sources
VI, 2014). The temperature distribution of sources W'tr&%nnot be explained by noisegonly. Furthermore, we have

EQa:nzs gar;r? geo?‘l?o%\té(r)\{\éenr] tiﬂ?ﬁ:g;uézs\,’vﬂg%ng Iggvxlfﬁilzq rified that the position angle of the PGCC sources is not
P 9 P ’ o rrelated with thé&lanckscanning strategy. Indeed, for the

X C
ranges from 8.6 to 22.3K when excluding the 2% extre evious catalogue version, particularly the EQRafick

pﬁ:ﬁgggﬁ?‘f;rlﬁelgecggﬁlt«séggtavgghcm;f%iﬂesnéfrgzg h %Ilaboration VI| 2011), a statistical analysis revealed that

EQ:l W orie_ntation of the sources was slightly spat!ally corre
If We compare this actual distribution with the expecteI ted W.'th the scan direction. S.UCh afieet was mqluced

y the instrument transfer function, which at the time was

temperature completeness of Fig. we notice that the - L -
L : not fully characterized. This issue has been resolved in the
temperature distribution of the PGCC sample with=RQ public release dPlanckdata (se®lanck Collaboration VII
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Fig. 11. Distribution of the physical properties of the PGCC objegith FQ=1 (blue) and F@2 (green). The coloured
shaded regions provide an estimate of the impact of theibhaé uncertainties on the statistical distribution aadis-
persion level around the mean value obtained from 10 000 M{izedions (see Sedb.for more details). The temperature
distribution is shown for two temperature estimates, ueing a free emissivity spectral indgx(solid line) or a fixed
B=2 (dot-dashed ling The distribution of the intrinsic size, after deconvadat is shown on théop right panelin dot-
dot-dot-dashed lineThe distributions of the physical size, mass, mean deasityiuminosity of the clumps are provided
for sources with reliable distance estimate3T_QUALITY=1 or 2). These distributions are also shown separately for
sources at solar distances smaller or larger than 1 kpc fner8tin, indashedanddotted linesrespectively.
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2014 used to build the present catalogue. About 40% afre averaged over the size of the clump which, aPllaeck

sources have.B7 < ¢ < 0.95, which translates to ax- resolution, is likely inducing a bias at low values, be-

ial ratios between 2 and 3. PGCC clumps appear therefaause of beam dilutionfiects. Indeed, as shown Rlanck

clearly elongated, which may be due to their associati@ollaboration XXII (2011), the Herschelhigher angular

with filamentary structures. resolution observations of a sample of PGCC sources have
For the sources with a reliable distance estimatevealed complex sub-structures, characterized by lower

(DIST_QUALITY=1 or 2), i.e., 2489 and 1378 sources withemperatures and higher densities compared to the parent

FQ=1 and 2, respectively, we have also derived their linealump.

size. A few things need to be noted regarding the linear size

distribution shown in Figll. First of all, this distribution

is limited to objects for which a distance estimate is avai

able, and these constitute, as discussed in Sget.very For sources with a reliable distance estimate, the mass of

heterogeneous sample of sources. Secondly, this distrilie clump is given by:

tion is strongly influenced by thielanckangular resolution 5

(%), therefore small€ 1 pc) and compact clumps are likelyy; — S/D (6)

local objects (D< 1kpc), while larger objects (a few pc) Ky B,(T)’
are likely intrinsically extended structures located a§i¢a |1 a5 is the flux density measured at 857 GHz, inte-

distances (D> 1 kpc). grated over the solid angl@ defined in Sect6.3 D is
the distancey, is the dust opacity defined in Se6ét3, and
6.3. Column density B, (T) is the Planck function for a dust temperatire
) The mass distribution shown in Fifj1, ranges from a
The column density o_f thePlanck colq _clum_ps has few 102 to almost 16 Mo, probing a large variety of ob-
been evaluated following the prescription iRlanck jects, from cores to giant molecular clouds. We stress that

ﬁ.4. Mass and mean density

Collaboration XXIII (2011 this mass distribution, as the linear size distribution dis
S/ /Q cussed in Sec6.2, is biased by our distance sample, which
N, (4) we know being highly heterogeneous (see S&ctThis be-

K By(T) ko comes clear when we partition the mass distribution accord-
whereS] is the flux density per beam at the frequengy ing to distance, in particular by separating sources lacate
which is integrated over the solid angle of the clump definedioser flashed lingor further @otted ling than 1 kpc from
by Q=n0minfmaj/4, ©=2.33 is the mean molecular weightthe Sun. Furthermore, except for less than 40% of the cases
my is the mass of the atomic hydrogen, ands the dust where the distance estimates are obtained from molecu-
opacity. We have adopted the dust opacity frBeckwith lar complex association providing highly reliable estiegt
et al. (1990, «,=0.1(v/1THz)’ cm?gt, which is appropri- the uncertainty on the computed mass is mainly dominated
ate for the case of dense clouds at intermediate densitieg.the uncertainty on the distance, which is about two to
The column density is computed at 857 GHz, close to tlieree times larger than the uncertainties on the temperatur
1 THz reference oBeckwith et al.(1990, which allows us and flux density involved in the calculation. Hence about
to minimize the impact of assuming a fixed emissivity spe&4% of sources have mass estimates witliN[&tween 1
tral index,5=2. Changing the emissivity spectral index irand 2, and 16 % with a/8 above 2. Note also that we have
the range 1-3 yields up to 15% variations on the emissigimost reached the theoretical sensitivity limitRinckto
ity estimate, which is negligible compared to the intrinsitow-mass cold cores, as it has been derived in Ské.
uncertainty of the emissivity. This is also tidanckHFI which is about 0.03 M for a cold source located at 100 pc
band where the/8l is the highest, and where dust emissioand having a column density of 3¥&m-2.

remains optically thin. Note th&;.., integrated ovef2, is Finally, we have obtained the mean density of the
half the flux density provided in the catalog®s7, which clump, computed asy,=M/V, whereV is the volume of
is the flux density integrated over the whole clump. the clump, modeled as a sphere of diameter equal to the
The peak column density is defined by: physical size of the clump derived in Se6t2. Figurel1l
| shows that the mean density ranges from 5.3 © 33
ﬂeakz . — (5) 10* cm3, again spanning a wide range of object categories.
2 umy B,(T) «, While the smallest estimates are not consistent with typica

wherel, is the surface brightness measured at the pedl€nsity of large clouds (i.ex 107cm s, Williams et al,
and it can be derived from, by multiplying by 1.38. We 2_000 Blitz, 1993, a closer look at the correlation with the_
stress that these two estimates of the column density are §iZ€ Of the objects reveals that these values can be explaine
rived for thePlanckclumps only after removal of the warmBY @ dilution éfect in thePlanck beam, as discussed in
component, which is not what is typically found in the ljt-Sect.6.6.
erature.

The Ny, distribution is shown in Fig.11. This 4.5 Luminosity

ranges from 6.810% to 1.2x10?2cm™2, with a median of _ o
3.4x10%°cm2 and 6.%107°cm2 for sources with F@1 We have computed the bolometric luminosity of the cold

and 2, respectively. clumps as:
Sources with F@2 have slightly larger column den-
sities, which is expected if these sourceteetively cor- L = 4rD? f S,dv, (7

respond to colder and denser objects. About 80% of the
sources have a column density betweenx1@° and whereD is the distance an@), is the flux density of the
3.7x10?*cm™. We emphasize that these column densitiesump modeled with a modified black body function with
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Table 6. Statistical description of the physical properties of tl& clumps with F&1. The statistics of the quantities
denoted withx has been computed on the sub-sample of sources having acgigstimate witDIST_QUALITY=1 or 2.

Percentile Te FWHM  size & N, D* M* Ny, ™ L*
[K] [] [pc] [em™]  [kpc] Mol [cm=3] [Le]
min. ....... 8.6 3.4 0.14 0.10 6«0® 0.07 5K&102%2 53x10° 7.6x102
first 1% 10.5 4.6 0.20 0.36 X20° 0.12 1.410' 1.6x100 1.4x107*
first 10% 12.1 5.8 0.27 0.61 «80° 0.14 4.%10' 6.8x10' 3.6x10°
median . .... 14.5 7.5 0.71 0.83 SH*° 0.33 3.%x10° 3.0x10? 2.1x10°
last10% .... 17.0 9.3 1.91 094 xB8® 092 5%100 2.4x10® 6.9x10"
last1% . . ... 19.9 11.0 11.72 0.97 8&B** 551 6.&%10° 1.3x10* 7.5¢<10°
max. ....... 30.0 13.1 25.16 0.98 &B¥ 1048 2.&10* 3.5x10* 7.6x10%

Table 7. Same as Tabléwith FQ=2. The statistics of the quantities denoted withas been computed on the sub-sample

of sources having a distance estimate \BIIST_QUALITY=1 or 2. We recall that for this class of sources, we only previd
an upper limit of the temperature.

Percentile

T FWHM size & NH, D* M* Ny, ™ L*
(K] [] [pc] [em™]  [kpc]  [Mo] [em~] [Lol
min. ....... 5.8 2.8 0.15 0.16 1x40° 0.07 50102 6.4x10° 9.2x103
first 1% 8.6 4.2 0.19 0.37 4Q0° 0.12 1.410' 1.4x10' 6.4x107?
first 10% 11.0 5.6 0.28 0.61 x&4aC*° 0.14 6.%x10! 6.4x100 2.7x10°
median .. ... 13.0 7.5 095 0.84 &BX® 041 8%10 3.5x10 3.7%x10°
last10% .... 15.7 9.7 855 0.95 ¥ 4.38 3.k16 2.6x10° 3.3x10°
last1% .. ... 22.2 11.7 15.69 0.98 «DFX> 6.90 1.4100 1.2x10° 4.6x10
max. ....... 30.0 14.5 30.56 0.98 £ 10.16 6.%10° 2.4x10* 2.9x10°
2, respectively, have B/M < 1, which is typical of ob-
AR : N S jects with low degree of evolution. Interestingly, we find
1000 = = 3 i istributi
— . FQ=1withdist 3 the same proportion when we analyse thH# distribution

FE—-- FQ=2with dist

100

10

’
1
I
I
I
I
I
I
I
I
I

2 -1

0

log(L/M) [log(Lo/Mo)]

estimate.

in Sect.6.1, and normalized t&, defined in Sect6.3. The
integral is taken over the frequency range 300 GHz <
10 THz, which extends beyond the IRAS aRlhnckspec-

gories are very heterogeneous, ranging fronf 101 L,

presents the advantage of not depending on distance, tiyl

(dotted line} for objects with a reliable distance estimate,
suggesting that the sample of sources with distance esti-
mates is statistically representative of the entire sample

6.6. Correlation between physical properties

A summary of the statistical properties of the PGCC clod
clumps physical quantities is provided in Table for
sources with F@1, and in Table, for sources with F@2.

For each quantity the 1%, 10% lower and higher percentiles
and the minimum, median and maximum values are re-
ported. We stress that there is no systematic correlation be
Fig.12. Distribution of the luminosity to mass ratio of thetween physical properties for the objects in the lowest and
PGCC clumps for sources with EQ(blue line) and F@2 highest percentile bins. Indeed, the existence of a paienti
(green line). Thelot-dot-dot-dashed lindenotes the distri- correlation between the physical properties of the clurapsi
bution for the sub-sample of sources with a reliable distangXplored in Fig.13. Only sources with robust distance es-
timates PIST_QUALITY=1 or 2) and reliable flux densities
(FLUX_QUALITY=1 or 2) have been considered, amounting
o , ) to a total of 3867 clumps. The locus of ti&mon et al.
temperaturd and emissivity spectral indg as described (20068 IRDCs properties is shown as red points, including
local thermodynamic equilibrium (LTE) mass estimates.

As expected, the clumps size and mass are strongly cor-
 UE -~ related with the distance estimate, while the FWHM of the
tral coverage. Any emission at shorter wavelengths is Ne5cc sourcesis mainly constrained by thBBnckbeam,
included in this calculation. From Fig.1 we note that the yanging from 36 to 9.7 for 80% of the sources. Artefacts
luminosity distributions for sources in the EQ and 2 cate- qye to the distance association with molecular clouds are

: . (G : - visible as straight lines in all the scatter plots including
Figurel12illustrates thel/M distribution. This quantity he distance. Comparing the PGCC distributions (black)

%he IRDC population (red), it appears that the PGCC

often used as an indicator of the evolutionary stage of cqlts ocated in the solar neighbourhood and detected at all
sources. About 73% and 83% of the sample with=2@nd
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Fig.13. Correlation plots for: temperature, column density, distg size and mass. The black dots represent 3867 PGCC
sources with a robust distance and flux density estimateréithéots denote the IRDCs fro&imon et al(20068.between

the following physical properties of the 3867 PGCC sourcesvhich a robust distance estimate is available combined
with a reliable flux density: temperature, column densitstahce, size and mass. It is compared to the physical gieper

of IRDCs fromSimon et al(2006H in red.

latitudes, while the IRDCs are preferentially detected td-1.1. ECC

wards the Galactic plane and represent distant structur.

Furthermore, IRDCs appear more massive and dense trfaﬁ? Early Cold Qoreg catalogue contains 915 SOUrces that
the PGCC sources. were detected with high/8 by the Planck Early Mission

; : ; ; - sing the same colour-detection method used for the PGCC
PGg(I:Saili/%rlgtﬁ)ﬁsggﬁjrtr?nn(;)élr?sit;z?tlz)ggcﬁ%) lﬂg:lr%r_] 0:f:’atalogue. We find matches in positions for 892 ECC

sponds to sources with an intermediate linear size, from (F8UT¢eS: The missing 23 ECC sources have a strong signal
to 2 pc. This is fully consistent with the dilution of a dens%p1 all three detection maps. However, we have deblended

core of 0.1 pc with a column density of ¥&n? at a dis- . € d_etectlon maps using the local maxima of the detec-

tance of 500 pc in thelanckbeam (5). Similarly, we may tion signal (se@ontier et al, 201Q Sect. 5.2), and adopted

explain the very low density estimates (a few éjpwhich me gotsm?_ns of :heseh I?Cal max'mghfof tge_goolr(:mates of
are not expected even for large clouds. e detections at each frequency. The individual frequency

catalogues have then been merged to create the final cata-
logue. This last step of band merging has been improved in

7. Ancillary Validation the final version of the catalogue to ensure a higher degree
- ) ) of compactness of the detected clump across the frequen-
7.1. Identification with Planck internal catalogues cies. The missing 23 ECC sources do no longer satisfy the

We have performed a positional cross-correlation of tfgempactness criterion. This does not mean that these ECC
PGCC catalogue with the othePlanck internal cata- SCUTCeS are spurious, rather it suggests that they arelgligh
logues, using a ‘Sradius. In particular, we have con-More extended compared to the rest of the sources in the
sidered: the Early Cold Cores catalogue (ECC), tHeétalogue, hence they are discarded.

Planck Catalogue of Compact Sources (PCCS), the Planck

Catalogue of Sunyaev-Zeldovich sources (PSZ), and theg > pccs

Planck Catalogue of High-redshift source candidatesPH
The results are summarized in TaBle The Planck Catalogue of Compact Sources (PCRI&nck

Collaboration XXV|, 2015 contains frequency catalogues
in eachPlanck band.The PCCS detections are obtained
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Table 8. Result of the positional cross-correlation of the PGCClogtze with the othePlanckinternal catalogues.

PGCCFLUX_QUALITY

Catalogue option N 1 2 3 Total
(6993) (3755) (2440) (13188)
ECC................. 915 622 237 55 892
PCCS857 ............ zone 0 4891 55 9 5 69
zone 13 43290 5361 2511 1725 9597
PCCS545 ............ zone 0 1694 67 15 12 94
zone 13 31068 5010 2412 1596 9018
PCCS353 ............ zone 0 1344 59 17 8 84
zone 13 22665 4645 2227 1393 8265
PCCS217 ............ zone 0 2135 168 15 27 210
zone 13 16842 3963 1836 1129 6928
PCCS143 ............ zone 0 2160 106 12 9 127
zone 13 4139 959 748 320 2027
PCCS100 ............ zone 0 1742 119 26 20 165
zone 13 2487 545 478 225 1248
PCCS70 ............. zone 0 1101 17 23 14 54
zone 3 195 6 8 6 20
PCCS44 ............. zone 0 830 6 17 13 36
zone 13 104 - 5 1 6
PCCS30 ............. zone 0 1435 16 19 18 53
zone 13 125 2 5 6 13
PCCS 857x545x357 ... .. zone 0 648 27 8 2 37
zone 13 20534 3946 1890 1165 7001
PSZ ... ... 1653 31 16 18 65
PHz ................. 1261 2 13 - 15

from individual frequency maps to which a Mexican HaR1 182 PCCS sources that are simultaneously detected at
Wavelet filter has been applied. This procedure allows r857, 545, and 353 GHz. Of these, 7038 have a match in the
moval of extended emission and noise. Because of this d®@CC catalogue in & $adius. Thus the PGCC catalogue
treatment, the Bl of PCCS sources depends on the frezontains~ 45% of new sources not already identified in the
guency and on the area of the sky. The detections in ed26CS catalogue in the three upgdanckfrequencies as
band are divided into two categories depending on the mnld sources.
gion of the sky: zone 0 corresponds to regions where the
reliability of the sources has been quantified, while zone 13 PS7
to 3 correspond to filaments, Galactic regions or filaments™"
in Galactic regions, respectively. The second category Phe Planck Catalogue of Sunyaev-Zeldovich sources (PSZ,
PCCS sources is considered to have a lower reliability th@anck Collaboration XXVIJ 2015 contains 1653 detec-
the zone O sources. tions. These are exclusively extragalactic sources, so the
The number of retrieved matches is given in Tehlén  overlap between the PSZ and PGCC catalogues is small,
the Table we provide the total number of matches (last cgle., 65 sources. Most of these sources exhibit cold temapera
umn), as well as byLUX_QUALITY flag (second, third and ture, except one which is warm. Since tteoCoDeT algo-
fourth columns). This is given for each sub-category of thethm is suited to detect sources whose SED peaks around
PCCS catalogue: zone 0 and zones31Since the PCCS 857 GHz, it is not expected to be sensitive to the S&a
catalogue contains warm sources that are rejected from thém galaxy clusters, which is characterized by a peak at
PGCC catalogue, it is not surprising that we do not fing53 GHz and almost no emission contribution at 857 GHz.
PGCC matches for all the PCCS detections. However, fience it is likely that this sample of 65 matched sources, ly-
important fraction of the PGCC sources have a counterpgig at the limit of the Galactic mask used when building the
in the PCCS catalogue, especially in the highest frequenegz catalogue, consists of Galactic cold clumps at interme-
channels, up to 75% in the 857 GHz band when includingiate to high latitudes, therefore representing a contantin
the zones 13 sources. Notice also that the proportion ofor the PSZ catalogue.
matched sources in the low frequency channels becomes
extremely small (131 in total) and mainly consists of zone-0
sources, which could represent a population of extragala?c—l-A'- PHz

tic radio contaminants that has notbeen fully rejected 80frhe planck Catalogue of highsource candidates (RH
interestingly, the PGCC detection algorithm requires a dpanck Collaboration2015 in preparationis a catalogue
tection in all three frequenayold residuaimaps, while the of sources detected at high latitude, in the 26% clean-
PCCS only requires single frequency detections. There @& fraction of the sky, and consists of a sample of high-
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redshift candidates identified by their 'red’ colours in the AL B | A R | B4
Planck highest frequency bands. By cross-correlating the ]
PGCC and PHcatalogues, we found 15 common sources.
This result was partly expected, due to the similar spec- 12|
tral behaviour of Galactic cold objects and extragalatit r :
sources. Nevertheless, at the time of writing the nature of
these matches is uncertain and requires further investiga-
tion. g 107

O
—

T
7.2. Crosscheck with follow-up observations =

alogo dN/dT/dNy,

107k
7.2.1. Herschel imaging E

A sub-sample of the PGCC sources has been further investi- ' ;
gated in theHerschelOpen Time Key Programme Galactic  1¢7 4
Cold Cores (hereafter, HKP-GCCherschel PACS and g ]
SPIRE instruments were used to observe 115 fields at five b on oo LN
wavelengths, from 106m to 500um, with an angular res- 10 15 20 25 30
olution from 12’ to 37’. The fields were selected based TIK
on an early version of the PGCC catalogue, and target 349
individual Planck clumps, spanning a wide range i\
latitude and temperature.

The sensitivity and resolution of thiderschelinstru-
ments Pilbratt et al, 201Q Poglitsch et al.201Q Griffin

Fig.14. Temperature vs. column density two-dimensional
distribution for all PGCC cold clumps followed-up by
Herschelin the HKP-GCC programme. The plotted data

et al, 2010 enable detailed studies of the structure of th;@Oints are identified as IN and OUT: IN points are located

clumps and their interplay with their parent clouds. Firdp'Side thePlanckclump solid angle, while the OUT points

results of theHerschelfollow-up have been presented indre located outside. The distribution of the OUT points is

Juvela et al(201Q 2011 201 dinPlanck Collaboration Shown in colour, while the distributiqn of the IN points is
XL%le ;(:12e01a])(. q . 3 andinPlanck Collaboration denoted by cyan contours at thredfeiient levels : 10, 50

For the purpose of target selection, tRé&anck cold and 90% of the maximum.

clumps have been binned according to their Galactic coor-
dinates, their estimated dust colour temperature, and theGCC sources are defined as IN pixels, and are shown with
mass. The bins are identified by the following boundaryyan contours in the Figure. They exhibit a much narrower
values:l= 0, 60, 120, and 180 degreas; =1, 5, 10, and distribution with respect to pixels located outside the RIGC
90 degreesTqus=6, 9, 11, and 14KM =0, 0.01, 2.0, sources, defined as OUT pixels. The IN pixels are mostly
500, 16 M. HereTausis the clump cold dust temperaturefound in correspondance of the coldest and densest regions
After creating the bins, the targets have been selected us the two-dimensional diagram, while the OUT pixels are
a Monte Carlo technique, in which we have uniformly samaiso in regions of low column density and relatively high
pled the sources in the various bins. This procedure allowmperature. This result highlights the dense and cold na-
us to cover entirely the parameter space, including sourggge of the PGCC sources.
at high latitudes and with extreme mass values. Whed Based on theHerschelfollow-up, Montillaud et al.
bin has been reserved for sources with no distance estimai®14 submitte}l have also built a catalogue of com-
Noteworthy, the selection of the PGCC sources hashct sources. After removing extragalactic contaminants,
to avoid areas of the sky covered by otfiégrschelKey pre-stellar candidates have been identified with a multi-
Programmes, such as the Galactic planglfor 1 , which wavelength analysisMontillaud et al. (2014 submittefl
was targeted by the Hi-GAL programmpklglinari et al, have performed a detailed analysis aimed at classifying
2010, and several nearby clouds that are included in thiee Herschelsources according to their evolutionary stage,
Gould Belt @ndré et al, 2010 and HOBYS (e.g.,Motte i.e., from starless cores to Young Stellar Objects (YSO).
et al, 2010 programmes. For eachHerschelfield, the fraction of YSOs and starless
The final selection of 115 fields includes 16 fields sgources falling inside the 3-elliptical Gaussian contour of
Galactic latitudes above 20 degrees. The median peak dble PGCC clumps are derived, providing a unique informa-
umn density in these fields Ny, = 1.5 x 10?tcm2 (for  tion of the evolutionary stage of the PGCC clumps observed
details on the column density calculation skmela et al. as a whole wittPlanck A preliminary analysis of the YSO
2012. In each followed-up field, thBlanckclump coordi- and starless populations in titerschelfields around the
nates clearly identify a coherent structure in therschel 349 PGCC sources has already shown elahckclumps
surface brightness maps. This is the case even when tiegtain a mixture of the two populations in various pro-
surface brightness is below 5 MJy5iat 250um, suggest- portions: we find a number dPlanck clumps with only
ing that theCoCoCoDeT algorithm is able to reliably extract one source that is a starless coffgafes=1), or a YSO
very low column density features from tRéanckdata. (fyso=1), but more often sources composed by a mixture of
The Herscheldata have been used to generate columfSOs and starless cores with fractions ranging from 10%
density and colour temperature magpgofitillaud et al, to 50%. Again this illustrates the variety of sources cov-
2014 submitte}] Figure 14 shows the pixel-to-pixel two- ered by the PGCC catalogue, probing the ISM in extremely
dimensional distribution of column density vs temperaturgarious evolutionary stages.
Pixels located within & of the elliptical Gaussian fit of the
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7.2.2. Gas tracers We have combined seven independent methods to as-
sign a distance estimate to 5574 sources. In the PGCC cat-
alogue, for each source we quote all the available distances
Y8rived from the dferent methods, however, only the most
reliable estimate is used to compute other source physi-
cal quantities such as mass and luminosity. Distance esti-
|raates from dferent methods have been compared and val-
ated. Accordingly, we have assigned, to each clump, a
Obsle3rvat0ry. AII.the clumps §except for Oneé)g hd\?é:.o DIST_QUALITY flag: 464 sources have consistent distance
and ~"CO detections, and 68% of them have’Q emis-  oqtimatesgIST QUALITY=1); 4191 Sources have only one
sion. The three line peak velocities are found to Co'nc'dgstimate BIST_QUALITY=2): 255 have incompatible es-
suggesting that thelanckclumps are quite cold and qUieS'timates DIST E]UALITY:S)' '664 sources have only dis-
cent. The comparison between the derived excitation tepaz .o upper I_imitS[(IST Q[’JALITY:4) More detailed on
perature and the dust temperature shows that dust and analysis can be found in the 6n-|ine version of the
are well coupled in 95% of the cIu_mps. Ten of the EC CC catalogue. The 4655 sources with an accurate dis-
clumps were also mapped, evidencing sub-structures, sygho estimatepfST_QUALITY=1 or 2) are mainly located
as cores, and filamentagjongated morphologies. in the solar neighbourhood, with about 85% of sources at
less than 1 kpc, and 91.4% within 3kpc from the Sun.
8. Conclusion We have obtained the temperature for 10748 sources,
) ) using a free (for sources with Q) or fixed 3=2, for
The highest frequency bands of tftanckHFI instru-  soyrces with F@2) emissivity spectral index. The cat-
ment provide an extremely powerful tracer of Galactigiogue temperature distribution confirms that the PGCC
cold dust. By combining data from thelanck three up- clumps are not only colder than their local environment
per bands with IRAS 3THz data, we have conducted @s by construction of the catalogue) but, more importantly
multi-frequency compact source detection, and generaig@t they are intrinsically cold sources, with a median be-
the Planck Catalogue of Galactic Cold Clumps (PGCC). fveen 13 and 14.5K, depending on the quality of the flux
first version of this Catalogue was released in 2011, i.e., taensity measurements. The minimum temperature of the
Early Cold Core catalogue (ECC), together with the Earlygyrces in the catalogue is 5.8 K, reached for sources with
Release Compact Source Catalogue (ERCSC). Atthattinigy—> |t js important to emphasize that this value is not
915 sources, selected for their low temperature and highthreshold artificially induced by our detection method,
SN, were made publicly available to the astronomical comghjch in fact has been shown (through a MCQA analysis)
munity. With the present work, we are releasing the wholg provide a 60% completeness level at temperatures as low
PGCC catalogue, containing 13188 Galactic sources anda'igf)e K. Therefore, we can confidently state that, at least at
cold sources located in the LMC and SMC. _ thePlanckangular resolution, no Galactic source is colder
We have applied th€oCoCoDeT algorithm (Montier than 5.8K.
etal, 2010 to thePlanck857, 545, and 353 GHz maps and  From the flux densities, temperature and distance es-
to the IRAS 3THz data. The combined use of these maggates, we have derived other physical properties of the
allow the separation of the cold and warm emission cOmppGCC clumps, namely: column density, physical size,
nents, hence the identification of sources colder than thgiss, mean density and luminosity. The column density of
local environment. Through a dedicated analysis, we hawg planckclumps covers almost five orders of magnitude,
removed all possible extragalactic contaminants. In @artieaching a value as low as &80cm 2, which can be
ular, we have cross-correlated the PGCC catalogue Withmpared to the sensitivity limit ¢8L0?1cmr2) of theMSX
publicly available extragalactic catalogues, leadingh® t apsorption measurements used to detect IRDR@se(tto &
rejection of less than one hundred sources, mostly at higfjjler, 2010. Hence objects detected in emissiorfignck
Galactic latitude. In parallel, we have also discarded dgjith the CoCoCoDeT algorithm may not be detected in ab-
tections, which have turned out to be contaminated by tQgrption by MSX, meaning that tielanckPGCC sources
presence of nearby hot sources. Noteworthy, the final Catight represent a larger class of objects than the IRDCs,
alogue contains 54 sources located in the LMC and SMgnd might include less dense #midmore deeply embed-
These sources have been kept in the catalogue becausgyifobjects. Furthermore, the PGCC sources are character-
proximity of these dwarf galaxies makes it possible to d¢zed by a wide range of sizes and mean densities, which is
tectindividual clouds wittPlanck indicative of a variety of astrophysical sources and evolu-
The PGCC sources have been divided into three caigynary stages. The physical size of the catalogue sources
gories, depending on the quality of their flux density €sanges from 0.14 pc to 30.6 pc, i.e., from the typical size of
timates. 6993 sources have accurate photometry in beflaold core to the one of a giant molecular cloud. Similarly
the Planckand IRAS bands. These sources correspond g@e mean density spans four orders of magnitude, from 5.3
FQ=1and are the most reliable in the catalogue. An amougf 3 5¢10* cm3, encompassing the three categories intro-
of 3755 sources have accurate flux densities inRteeick  quced bywilliams et al.(2000), that are cores, clumps and
bands but not in the IRAS 3 THz band. These sources c@lpyds.

respond to FQ2, and are likely so cold that their emission  \e emphasize that, although we have adopted the term
at 3 THz falls below the IRAS detection limit. The last catejump to refer to the generic source in the PGCC cata-
egory comprises 2440 sources, and for these no accurgigue, we are aware that, depending on the distance, some
flux density has been measured in at least two bands. Thggghese sources are in fact cores, either pre- or prottastel
sources correspond to EQ and might be intrinsically very while others are giant molecular clouds. The preliminary

faint or still deeply embedded. Despite the poor photomererscheland gas tracers follow-ups have confirmed that
try, they are considered real detections.

In order to characterize the gas content of fanckcold
clumps, several ground-based follow-ups of dense medi
tracers have been performed.

Wu et al.(2012 carried out a large survey of tRéCO,
13CO and GO J=1-0 transition, targeting 674 ECC
clumps with the 13.7 m telescope of the Purple Mounta|
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the PGCC sources are indeed cold and dense environmessirces have a godd.UX_QUALITY flag and one is only
but have also shown that they often contain colder subletected.
structures (e.g., cores) and even warm components (e.g.,At the distance of the Magellanic Cloud®\c =
YSOs). In the future, other follow-ups of this kind, as welb0.1 kpc, Dsyc = 61.7 kpc, Walker, 2012 Hilditch et al,
as cross-correlations with already existing ancillaryadaP005), the working resolution of thBlanckand IRAS maps
sets (e.g.Hersche] WISEor AKARYI), will become neces- (5') corresponds to spatial scales~080 pc, which is com-
sary to shed light on the exact nature of Blanckclumps. parable to the characteristic size of giant molecular csoud
We believe that the PGCC catalogue, covering th&MCs) in the Milky Way ¢ 50pc, e.g.Blitz, 1993.
whole sky, hence probing wildly fierent environments, Magellanic PGCC sources are therefore quitéedént ob-
represents a real goldmine for investigations of the eaijgcts to Galactic PGCC sources, but they are still of consid-
phases of star formation. These include, but are not limitedable interest for studying the early phases of star forma-
to: i) studies of the evolution from molecular clouds to oretion. Firstly, thePlanckdata provide a census of cold mate-
and the influence of the local conditions; ii) analysis of thgal in the vicinity of the Magellanic Clouds that is indepen
extremecold sources, such as the most massive clumpsaent of previous observations of HI and CO emission, the
those located at relatively high latitude; iii) charactari standard tracers of neutral interstellar gas in externakga
tion of the dust emission law in dense regions and the raks. Secondly, PGCC sources in the Magellanic Clouds con-
of the environment. All these topics will be discussed istitute a useful comparison sample to local GMCs with
forthcoming publications. low levels of star formation, since the galactic environ-
AcknowledgementsThe Planck Collaboration acknowledges th ment hosting the cold molecular ma-ltenal 'S quite distinct
sUpport of: ESA' CNES and CNRSISUINZPS-INP (France): Asi, 1€ clouds span a small but appreciable range of sub-solar
CNR, and INAF (ltaly); NASA and DoE (USA); STFC and UKsA Metallicities (0.2 to 0.5Russell & Dopita1992), and have
(UK); CSIC, MINECO, JA, and RES (Spain); Tekes, AoF, and csalust-to-gas mass ratios that are3 to 10 times lower than
Eginland)l;( )Dgé Vgg% 'V(ISPG.t (GFrné?nyécﬁS(AN (Cane;daé;FlDaUISr:SCme value in the solar neighborhoo@ddrdon et al.2014).
enmark), witzerland); orway), reland); ~ i T
CTNCTES Poruga ERC and PRACE () A deserpion oty £ T8 o e than the mormal
the Planck Collaboration and a list of its members, indigativhich - p g
technical or scientific activities they have been involwectan be found at diSC galaxies.
http://www.cosmos.esa.int/web/planck/planck-collaboration. Of the 51 PGCC sources detected towards the LMC,
34 are located within the field surveyed by NANTEN at
. 2’6 resolution for CO emission in the LMG(@kui et al,
Appendix A: LMC - SMC 2008, while 27 sources are located inside ?he region ob-
As noted in Sect.3.3 the PGCC catalogue includesserved by the higher resolution (45MAGMA LMC sur-
51 sources located within a°@9 radius of the Large vey (Wong et al, 2017). All of these 27 sources exhibit CO
Magellanic Cloud (LMC), and three sources within’@g. emission that is well-detected by MAGMA, with peak in-
field centred on the Small Magellanic Cloud (SMC). Of théegrated*?CO J1—-0 intensities brighter than MAGMA's
51 sources in the LMC, 42 sources have=HAQr 2, while 4o sensitivity limit (~ 1.2 K.km.s1). Dedicated follow-up
9 are only considered as poor detections. In the SMC, tedservations of the remaining Magellanic PGCC sources
with the Mopra Telescope have detected CO emission as-
sociated with a further 15 PGCC sources in the LMC, but
none of the three SMC sourceddighes 2015 in prepara-
tion). FigureA.1 shows the spatial distribution of all PGCC
sources in the Magellanic Clouds. The spatial distribution
of PGCC sources in the LMC is clearly not random: only
1 one PGCC source is detected at high stellar surface den-
. sities €, > 100 Mpc) even though many CO clouds are
detected there, while there are four PGCC sources that ap-
pear to be aligned in an east-west direction along the south-
| ern periphery of the LMC. These sources were previously
0 noted in the dust property maps obtained by combining the
IRAS and thePlanck data as regions of low temperature
| and high dust column density.
T In the LMC, theCoCoCoDeT algorithm therefore seems
to be an €icient tool for identifying cold molecular mate-
g rial. After re-scaling for the lower dust-to-gas ratio ireth
LMC and accounting for mismatches between the intrin-
sic source size and thelanck and Mopra beam widths,
- the catalogued masses of the LMC PGCC sources are in
274 good agreement with the masses derived from the Mopra
CO data. A more detailed investigation of the spatial distri
bution and physical nature of the LMC PGCC sources will
Be presented irlugheg2015 in preparation

=30+

LAT

-36+

284

Fig.A.1. Distribution of the PGCC sources located in th
LMC (in Galactic coordinates) for eaG.UX_QUALITY cat-
egory: 'Reliable flux densitiés(1, blue), '‘Missing 3 THz
flux density (2, green) and Detection only (3, pink). The
grey scale image is thBlanckintensity map at 857 GHz
shown in log scale between #0and 0.5 MJysrt*.
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Fig.B.1. All-sky distribution of the PGCC sources with EQ or 2, displayed over thelanck*?CO J=1—0 map ranging
from -5 to 30 K.kms®. The locations of the molecular complexes used in the dist@stimate procedure are shown as
red circles.

Appendix B: Correlation with CO map

In Fig. B.1 we overlay the all-sky distribution of the PGCC
Galactic clumps to th@lanck *>CO J=1—-0 all-sky map
(see Planck Collaboration XIlI 2014). As expected, for

a large majority of the PGCC sources, their location co-
incides with al?’CO J=1—0 transition. This is especially
true in the Galactic disc. At high latitude, objects appear
less associated with a CO signature, although this is likely
due to the limited sensitivity of thelanckCO map. A fur-
ther analysis is required to investigate whether the PGCC
sources are associated to CO clumps, or only witfusié

CO emission.

Appendix C: Catalogue content
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Table C.1. PGCC catalogue columns.

Column Name Unit Description
Identification
NAME . ... .. Source Name
SNR ot Maximum/N over the 857, 545, and 353 GHPtanck cold residuamaps
SNR.857 v vttt B of thecold residualdetection at 857 GHz
SNR.545 . ..ot B\ of thecold residualdetection at 545 GHz
SNR-353 . .t i it B\ of thecold residualdetection at 353 GHz
Source position
GLON ..ottt [deg] Galactic longitude basedcorphology fitting
GLAT oot [deq] Galactic latitude (degped on morphology fitting
RA [deg] Right ascension (J20@0jegrees transformed from (GLON, GLAT)
DEC ittt [deq] Declination (J2000) irgdees transformed from (GLON, GLAT)
Morphology
GAUMAJOR_AXIS .............. [arcmin] FWHM along the major axis of thegical Gaussian
GAU_MAJOR_AXIS SIG . .......... [arcmin] & uncertainty on the FWHM along the major axis
GAUMINOR-AXIS .............. [arcmin] FWHM along the minor axis of theigfical Gaussian
GAU_MINOR_AXIS SIG . .......... [arcmin] @ uncertainty on the FWHM along the minor axis
GAU_POSITION_ANGLE ........... [rd] Position angle of the elliptical gaussidefined as the clockwise angle
between the Galactic plane orientation and the orientatiche major axis
GAU_POSITION_ANGLE_SIG ....... [rd] 1o~ uncertainty on the position angle
Photometry
FLUX_3000_CLUMP . ............ [Iy] Flux density of the clump at 3 THz
FLUX_3000_CLUMP_SIG .......... [Jy] b uncertainty on the flux density of the clump at 3THz
FLUX.857.CLUMP .............. [Iy] Flux density of the clump at 857 GHz
FLUX_857_CLUMP_SIG ........... [Jy] b uncertainty on the flux density of the clump at 857 GHz
FLUX.545 CLUMP .............. [Iy] Flux density of the clump at 545 GHz
FLUX_545 CLUMP_SIG ........... [Jy] b uncertainty on the flux density of the clump at 545 GHz
FLUX_-353 CLUMP . ............. [Iy] Flux density of the clump at 353 GHz
FLUX_353_ CLUMP_SIG ........... [Jy] b uncertainty on the flux density of the clump at 353 GHz
FLUX_-3000_.WBKG .. ............ [Iy] Flux density of the warm background at&
FLUX_3000_WBKG_SIG ........... [Jy] b uncertainty on the flux density of the warm background at 3 THz
FLUX-857 WBKG . .............. [Iy] Flux density of the warm backgroun@a? GHz
FLUX_857_WBKG_SIG ............ [Iy] b uncertainty on the flux density of the warm background at 862 G
FLUX 545 WBKG . .............. [Jy] Flux density of the warm background4b GHz
FLUX_545 WBKG_SIG ............ [Iy] b uncertainty on the flux density of the warm background at 542 G
FLUX_353 WBKG . .............. [Jy] Flux density of the warm backgroun®s8 GHz
FLUX_353_.WBKG_SIG ............ [Iy] b uncertainty on the flux density of the warm background at 362 G
FLUX_QUALITY .. ... [1-3] Category of flux density reliabylit
FLUX_.BLENDING ............... [0,1] 1 if blending issue with flux densitstienate
FLUX_BLENDING_IDX ............ Catalogue index of the closest source resplenfor blending
FLUX_BLENDING_ANG.DIST ....... [arcmin]  Angular distance to the closest sourceaasible for blending
FLUX_BLENDING_BIAS_3000 ...... [%0] Relative bias of the flux density at 3 THz due to lliexy
FLUX_BLENDING_BIAS 857 ....... [%0] Relative bias of the flux density at 857 GHz due lenbing
FLUX_BLENDING_BIAS 545 ....... [%] Relative bias of the flux density at 545 GHz due lending
FLUX_BLENDING_BIAS_ 353 ....... [%0] Relative bias of the flux density at 353 GHz due lenbing
Distance
DIST_KINEMATIC .............. [kpc] Distance estimate [1] using kinerosti
DIST KINEMATIC.SIG . .......... [kpc] br distance estimate using kinematics
DIST-OPT_EXTDR7 ............. [kpc] Distance estimate [2] using opticafiestion on SDSS DR7
DIST_OPT_EXT_DR7_SIG ......... [kpc] b distance estimate using optical extinction on SDSS DR7
DIST_OPT-EXTDRY ............. [kpc] Distance estimate [3] using opticdiiestion on SDDS DR9
DIST_OPT_EXT_DR9_SIG ......... [kpc] b distance estimate using optical extinction on SDSS DR9
DIST_NIR.EXT-IRDC ............ [kpc] Distance estimate [4] using near-infextinction towards IRDCs
DIST_NIR_EXT_IRDC_SIG ........ [kpc] 1 distance estimate using near-infrared extinction towdR¥Cs
DISTNIREXT ................ [kpc] Distance estimate [5] using ne#rared extinction
DIST_NIREXTSIG ............. [kpc] Ir distance estimate using near-infrared extinction
DIST_MOLECULAR_COMPLEX ....... [kpc] Distance estimate [6] using molecular cormesociation
DIST_MOLECULAR_COMPLEX_SIG [kpc] 1o distance estimate using molecular complex association
DISTHKP.GCC .. ......ouuuunnn. [kpc] Distance estimate [7] from tHerschelKey-Programme Galactic Cold Cores
DIST_HKP.GCC_SIG ............. [kpc] I distance estimate from thterschelHKP-GCC
DISTOPTION . ................ [0-7] Option of the best distance estenssed in other physical properties
DIST_QUALITY .. ...oovviennnnn [0-4] Quality Flag of the consistencyweén distance estimates
DIST .. iiit i [kpc] Best distance estimateduee further physical properties
DIST-SIG .. vt viiieaee e eeeen [kpc] & uncertainty on the best distance estimate
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Table C.2. PGCC catalogue columns (continued).

Column Name Unit Description
Temperature
TEMP_CLUMP . ................. K] Temperature of the clump wjgtas a free parameter
TEMP_CLUMP_SIG . ............. K] 1 uncertainty on the clump temperature witfree
TEMP_CLUMP_LOW1 ............. K] Lower 68% confidence limit of the clump tperature withs free
TEMP_CLUMP UP1 .............. K] Upper 68% confidence limit of the clumprteerature witg free
BETACLUMP .............0..... Spectral indgsof the clump
BETA_CLUMP_SIG . ............. Ir uncertainty (from MCMC) on the emissivity spectral ingegrf the clump
BETA_CLUMP_LOWL ............. Lower 68% confidence limit of the emissivipestral indexs of the clump
BETACLUMP.UP1 .............. Upper 68% confidence limit of the emissigpectral indey of the clump
TEMP_BETA2 CLUMP ............. K] Temperature of the clump with= 2
TEMP_BETA2 CLUMP_SIG ......... [K] lo- uncertainty on the temperature of the clump vata 2
TEMP_BETA2 CLUMP_LOW1 ........ K] Lower 68% confidence limit of the clump tempenat withg = 2
TEMP_BETA2 CLUMP_UP1 ......... [K] Upper 68% confidence limit of the clump tempera withg = 2
TEMP_WBKG .. ... K] Temperature of the warm backgrdwvith g as a free parameter
TEMP_WBKG_SIG . .............. K] b uncertainty on the temperature of the warm background gvéh a free parameter
TEMP_WBKG_LOWL1 .............. K] Lower 68% confidence limit of the warm l@cound temperature with free
TEMP_WBKG_UP1 ............... K] Upper 68% confidence limit of the warntkground temperature wighfree
BETAWBKG ... ..oviiinneennn Spectral indgkof the warm background
BETA_WBKG_SIG ............... I uncertainty on the spectral indgof the warm background
BETA_WBKG_LOW1 .............. Lower 68% confidence limit of the emissisfyectral inde)s of the warm background
BETAWBKG.UPL ............... Upper 68% confidence limit of the emisgigpectral indey of the warm background
TEMP_BETA2 WBKG . ............ K] Temperature of the warm background vdta 2
TEMP_BETA2 WBKG_SIG .......... K] 1o uncertainty on the temperature of the warm background gvitt2
TEMP_BETA2 WBKG_LOW1 ......... [K] Lower 68% confidence limit of the warm backgnoutemperature witfs = 2
TEMP_BETA2 WBKG.UP1 .......... K] Upper 68% confidence limit of the warm backgnd temperature with = 2
Physical properties
NH2 .o [cnf]  Column densityNy, of the clump
NH2.SIG .o oooeie e [c?] 1o uncertainty on the column density of the clump
NH2 LOW[1,2,3] ... ... .. [cm?]  Lower 68%, 95% and 99% confidence limit of the column density
NH2_.UP[1,2,3] ............... [cm?]  Upper 68%, 95% and 99% confidence limit of the column density
MASS .o W] Mass estimate of the clump
MASS.SIG . v vvii et [\b] 1o uncertainty on the mass estimate of the clump
MASS_LOW[1,2,3] ............. [Mo] Lower 68%, 95% and 99% confidence limit of the mass estimate
MASS_UP[1,2,3] .............. [Mo] Upper 68%, 95% and 99% confidence limit of the mass estimate
DENSITY .. ovvvviiennnnnnnn [cmP]  Mean density of the clump
DENSITY_SIG .. ..o vvvinnnnnn. [cm®] 1o uncertainty on the mean density estimate of the clump
DENSITY_LOW[1,2,3] .......... [cm®]  Lower 68%, 95% and 99% confidence limit of the mean densitiynede
DENSITY_UP[1,2,3] ........... [cm®]  Upper 68%, 95% and 99% confidence limit of the mean densttynase
SIZE .\ [pc] Physical size of the clump
SIZESIG .ot vviiie e [pc] & uncertainty on the physical size estimate of the clump
SIZE.LOW[1,2,3] ............. [pc] Lower 68%, 95% and 99% confidence limithe# physical size estimate
SIZEUP[1,2,3] .............. [pc] Upper 68%, 95% and 99% confidence lirhthe physical size estimate
LUMINOSITY . ..... ... [] Luminosity of the clump
LUMINOSITY_SIG . ............. o] 1o uncertainty on the luminosity of the clump
LUMINOSITY.LOW[1,2,3] ........ [Lo] Lower 68%, 95% and 99% confidence limit of the luminosity
LUMINOSITY.UP[1,2,3] ........ [Lo] Upper 68%, 95% and 99% confidence limit of the luminosity
Flags

NEARBY_HOT.SOURCE . ........... [arcmin]  Distance to the closest hot source
XFLAGLLMC ... vviiiiie e [0,1] 1 if part of the LMC
XFLAGSMC ... v i [0,1] 1 if part of the SMC
XFLAGECC ..o v [0,1] 1 if present in the ECC
XFLAG-PCCS_857 . ............. [0,1] 1 if present in the PCCS 857 GHz band
XFLAGPCCS 545 . ............. [0,1] 1 if present in the PCCS 545 GHz band
XFLAG-PCCS-353 . ............. [0,1] 1 if present in the PCCS 353 GHz band
XFLAG_PCCS_217 ... ........... [0,1] 1if present in the PCCS 217 GHz band
XFLAG-PCCS_-143 . ............. [0,1] 1 if present in the PCCS 143 GHz band
XFLAG_PCCS_100 . ............. [0,1] 1 if present in the PCCS 100 GHz band
XFLAG-PCCS.70 .. ... [0,1] 1 if present in the PCCS 70 GHz band
XFLAGPCCS 44 ............... [0,1] 1 if present in the PCCS 44 GHz band
XFLAG-PCCS-30 . ............n. [0,1] 1 if present in the PCCS 30 GHz band
XFLAGPSZ ... [0,1] 1 if present in the PCCS SZ
XFLAG.PHZ ... ... i [0,1] 1 if present in the PCCS HZ
XFLAG.HKP.GCC . .............. [0,1] 1 if present in thderschel[HKP-GCC
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