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ABSTRACT

A brief description of the methodology of construction, wmts and usage of tHlanck Early Release Compact Source Catalogue (ERCSC),
including the Early Cold Cores (ECC) and the Early Sunyaeld@vich (ESZ) cluster catalogue is provided. The cataddgibased on data that
consist of mapping the entire sky once and 60% of the sky ansittme byPlanck, thereby comprising the first high sensitivity ra@iobmillimetre
observations of the entire sky. Four source detection élgos were run as part of the ERCSC pipeline. A Monte-Carnymiathm based on the
injection and extraction of artificial sources into tRkanck maps was implemented to select reliable sources amongtedcéad candidates such
that the cumulative reliability of the cataloguex80%. There is no requirement on completeness for the ERCS@.r8sult of the Monte-Carlo
assessment of reliability of sources from thé&etient techniques, an implementation of the PowellSnakexse@xtraction technique was used
at the five frequencies between 30 and 143 GHz while the S&gtréechnique was used between 217 and 857 GHz. Taeph@tometric flux
density limit of the catalogue dib| > 30 is 0.49, 1.0, 0.67, 0.5, 0.33, 0.28, 0.25, 0.47 and 0.82 Jgctt ef the nine frequencies between 30
and 857 GHz. Sources which are up to a factorBffainter than this limit, and which are present in “cleargioms of the Galaxy where the sky
background due to emission from the interstellar mediurovis &re included in the ERCSC if they meet the high reliabiititerion. ThePlanck
ERCSC sources have known associations to stars with dutg,stellar cores, radio galaxies, blazars, infrared hous galaxies and Galactic
interstellar medium features. A significant fraction of lassified sources are also present in the catalogs. In additio early release catalogs
that contain 915 cold molecular cloud core candidates aBdsFcluster candidates that have been generated usindreguncy algorithms are
presented. The entire source list, with more than 15000uarsgurces, is ripe for follow-up characterisation wilgrschel, ATCA, VLA, SOFIA,
ALMA and other ground-based observing facilities.

Key words. Cosmology:observations — Surveys — Catalogues — Radiincom: general — Submillimetre: general

1. Introduction

Plancl (Tauber et gl. 2010; Planck Collaboratlon 2011a) is the
third-generation space mission to measure the anisotrépy o

* Corresponding Author: R.-R. Chary, rchary@caltech.edu

! Planck (httpy/www.esa.intPlanck) is a project of the European
Space Agency (ESA) with instruments provided by two scfention-
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the cosmic microwave background (CMB). It observes the skyom the end of the first sky coverage to a community-wide re-
in nine frequency bands covering 30—-857 GHz with high sehease of source lists is the motivating factor behind thiabdity
sitivity and angular resolution from 33 arcmin to 4.2 arcmiand flux-density accuracy requirements as well as the cludice
(Table1). The Low Freqguency Instrument (LEl; Mandolesilet aalgorithms that were adopted for the ERCSC.
2010;Bersanelli et al. 2010; Mennella etlal. 2011) covees th The sources of noise vary significantly as a function of lo-
30, 44, and 70GHz bands with amplifiers cooled to 20 Kation on the sky as well as a function of frequency. Apannfro
The High Frequency Instrument (HFI;_Lamarre etlal. 201@he instrumental noise and the Galaxy, at the lowest frecjasen
Planck HFI Core Team 2011a) covers the 100, 143, 217, 3%8e dominant astrophysical source of noise is the CMB it#elf
545, and 857 GHz bands with bolometers cooled to 0.1 ke highest frequencies, zodiacal dust and emission frernth
Polarisation is measured in all but the highest two banterstellar medium dominate. As a result, the flux densitytéim
(Leahy et al. 2010; Rosset etlal. 2010). A combination ofaadicorresponding to the same reliability vary widely acrogssky
tive cooling and three mechanical coolers produces thegaemp(Figure[1), with the sensitivity typically improving witiméreas-
atures needed for the detectors and optics (Planck Coliibar ing ecliptic latitude. The areas of deepest coverage arextn
2011b). Two data processing centres (DPCs) check and cali the ecliptic pole regions due to the scan strategy and indi
brate the data and make maps of the sky (Planck HFI Core! Tewithual sources in that vicinity may be observed severalsiime
2011b] Zacchei et &l. 201 1planck’s sensitivity, angular resolu- Planck in the course of a single sky survey.
tion, and frequency coverage make it a powerful instrument f  The data obtained from the scans of the sky between 2009
Galactic and extragalactic astrophysics as well as coggolo August 13 and 2010 June 6, correspondingPtanck opera-
Planck spins around its axis at a rate of one rotation péional days 91-389, have been processed and convertedlinto a
minute. The focal plane is oriented at an angle of 8 sky maps at the HFI and LFI Data Processing Centres (DPCs).
the satellite spin axis, which tracks the direction of then Surhe data extend beyond a single sky coverage with 60% of
at ~1° per day. The fiective Planck scan strategy describedthe second sky coverage included in the maps. A descrip-
in [Dupac & Taubeér [(2005) results in areas near the ecliption of the processing can be found!lin Zacchei etial. (2011);
poles being observed several times more frequently than [Ranck HEI Core Team (20111b). Foufigirent implementations
gions of sky near the ecliptic plane. This implies that thef source detection algorithms were run on these maps. The pe
is a range of almost 50 in instrumental noise between tfermance of these algorithms was compared and the single im-
most- and least-frequently observed areas of the sky (Eigwlementation which provides superior source statistiosagh
). This scan strategy achieved greater thar9@9coverage frequency was selected for the final catalogue at that frecjue
of the full sky on 1 April 2010 with gaps predominantlyFor the early SZ (ESZ) and early cold cores (ECC) catalogues,
resulting from planet crossings and the masking of assogultifrequency algorithms describedlin Melin et al. (2068}
ated artefacts. A comparison between the all sky imaging ddanck Collaboration (2011s) respectively, have beenaymd-
pabilities of Planck, Wilkinson Microwave Anisotropy Probe Vvide a candidate source list, which has then been culled lo-ma
(WMAP), Cosmic Background Explor@ifferential Microwave tain the high reliability required for the ERCSC. This paper
Radiometer COBE/DMR), Akari, Infrared Astronomy Satellite describes the methodology through which the ERCSC pipeline
(IRAS) and Wide-field Infrared Survey ExploreM{SE) is generates a high reliability source catalogue as well asepte
shown in Table[Il.Planck straddles the wavelength rangghe contents and characteristics of fianck ERCSC data re-
betweenWMAP (Bennett et all 2003) at one end addari lease.
(Murakami et all 2007) at the other end. At its lowest frequen
cies Planck improves upon the imaging resolution 9fMMAP. L
Although Planck does not have the high resolution Afari or 2. The ERCSC Pipeline

WISE(Wright et al. 2010) at higher frequencies, it matches thenis section summarises the steps involved in progressing
capabilities ofl RAS at frequencies which are more _than a faGrom the initial Planck all-sky maps to the final catalogue.
tor of three lower thamRAS. The consequence of this unprecea full description of the entire process can be found in

dented spatial resolution and wavelength coverage is aiarsi§  [Planck Collaboratidri (20111v), which has been releasedtivith

multaneous, multiwavelength view of the sky, enabling thd$ ERCSC.

of a broad class of sources, and facilitating improved ssjmar The intensity maps on which the ERCSC pipeline is run

between Galactic and extragalactic foregrounds and the CMBgre in HEALPix format (Gorski et al._2005) in units ofgK
The Early Release Compact Source Catalogue is a catalogielvin Rayleigh-Jeans, a measure of brightness tempejatu

of all high-reliability sources, both Galactic and extriagdic, in the Galactic coordinate system. Thermodynamic tempezat

detected over the entire sky, in the fifdanck all-sky survey. (Tcug) is related to the Rayleigh-Jeans brightness temperature

This includes a sample of clusters detected through theg&ny by:

Zeldovich (Sz) &ect and a catalogue of cold, molecular cloud

cores with far-infrared colour temperatures cooler thanaim- Koi = T % X expx @

bientT ~18K dust in our Galaxy. No polarisation information > ~ M8 ™ (expx — 1)2

is provided for the sources at this time. One of the primary hy

goals of the ERCSC is to provide an early catalogue of sourceX = Kx 2775 (2)

for follow-up observations with existing facilities, in piu- ’

lar Herschel, while they are still in their cryogenic operationawhereh is the Planck constarit,is the Boltzmann constant and

phase. The need for a rapid turnaround (less than nine mjonthis the frequency. The pixel size is 3.4 arcmin for the LFI beand

(30—70GHz) and 1.7 arcmin for the HFI bands (100-857 GHz)

sortia funded by ESA member states (in particular the leashwizs Which corresponds to NSIDE values of 1024 and 2048 in the

France and Italy), with contributions from NASA (USA) andetecope  HEALPiX format. In addition to the intensity map, there iscac

reflectors provided in a collaboration between ESA and aniiecon-  responding covariance map at each frequency, which is a mea-

sortium led and funded by Denmark. sure of the noise in that pixel measured as the standardtibevia
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Table 1.Comparison between all sky surveys with similar frequemai@ned in rows. The left column for each mission gives the
frequency { in GHz) while the right column gives the spatial resolutieresfull width at half maximum (FWHM) in arcminutes.

DMR WMAP Planck Akari IRAS WISE
vy FWHM v FWHM vy FWHM v FWHM v FWHM v FWHM
23 53
32 420 33 40 30 32.65
41 31 44 27.00
53 420 61 21 70 13.01
90 420 94 13 100 9.94
143 7.04
217 4.66
353 4.41
545 4.47
857 4.23
1.9x10° 0.8
2.1x10° 0.7
3.3x10° 0.45 *x10° 5.2
4.6x1C° 0.32 5¢1C° 3.9
16.7x10° 0.09 1X10° 4.5 13.6¢10° 0.2
33x10° 0.05 25¢10° 47 25¢10° 0.11
65x10° 0.11
88x10° 0.1

1.000F T 1.000F

0.100 0.100 ¢
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Fig. 1. The variance in units of Kelviacross the entire sky, with the left panel showing the vagdor the LFI frequencies and
the right panel showing the variance for the HFI frequendésny single frequency, the variance in the all-sky mamssgmost
a factor of 50 over the entire sky.

of all scans that have gone through that pixel, after remoiah to obtain a high reliability catalogues. Secondary qualgégess-
offset from each ring of observations. The covariance maps anent cuts are applied to the catalogue to eliminate souises a
in units of Krs?. A full description of the map-making processsociated with known artefacts in the maps. Additional prepe
can be found in_Planck HFI Core Team (2011b). ties of the reliable sources such as the dates they wereveloser
The three core processing steps within the ERCSC pipelitigir presence in CMB subtracted maps, their flux density est
are source detection, source extraction, and in the casemgted from point source fitting, and the potential contimuof
857 GHz, measuring the flux densities of each source at the thalactic cirrus emission are evaluated in the final stagebeof
lower frequencies, 217, 353, and 545 GHz, which is sometimeipeline.
referred to as band-filling. These three steps are first ruthen We note that the maps used for the ERCSC dfected
intensity maps to obtain catalogues of sources. The prasesby uncorrected pointing errors of at least two types. The
then repeated on maps which have a population of artificiatpofirst is due to time-dependent, thermally-driven misaligmin
sources of varying flux densities injected directly into thaps. between the star tracker and the boresight of the telescope
The performance of the algorithms are evaluated based on (Réanck Collaboration 2011a). The second is due to uncieuec
positions and extracted flux densities of the artificial sesr stellar aberration across the focal plane. Since 70% of ke s
whose real flux density and positions are precisely knowseBa is observed at least twice withfi#rent orientations, theffect
on the properties of the extracted artificial sources, sitma of stellar aberration for the majority of sources is nedjligi
noise ratio (SNR) cuts are defined such that the propertiggeof However, for the remaining 30% of the sky, thffeet would
extracted artificial sources are robust both in terms oftwrsi result in an &set ranging from 21 near the ecliptic poles to a
and flux density. The same signal-to-noise cut is then aghpdie value close to 0 in the ecliptic plane. We do not see thigezt
the real catalogue of sources generated from the intensipsmclearly in the centroids of sources in the ERCSC, likely bsea
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the intrinsic uncertainty in the positions is comparabléite is determined by Bayesian model selection using an approxi-
maximum dfset induced by these pointing errors. Furthermormate evidence value based on a local Gaussian approximation
since these pointing errors are not factored into the igjeatf to the peak. In this step, PwS minimises the average lossxmatr
the artificial sources into the maps, the positional unassta rather than maximising either reliability or completenebst
from the Monte-Carlo analysis is an underestimate. Tiiece is, it treats spurious detections and missing detectioesaally
on the flux density of the catalogue sources is negligiblylsmaundesirable.
<$2%. Both types of pointing error will be corrected in the maps For detection of sources with high signal-to-noise ratioSP
used for future Planck catalogues. is fairly insensitive to the choice of priors. For the versif the
algorithm which was used for ERCSC, a flat distribution of pri

) , ors was adopted with the distribution of priors on the irgign

2.1. Source Detection Algorithms source radius being uniform between 0 ard fr all frequen-

Four specific implementations of source detection algorith cies. Since this is smaller th@har]ck’s spatial resolutlon at any
were run as part of the ERCSC pipeline. These are tﬁgquency, the_ﬁect of the priors is to favour point sources.
Paris Matched Filter (PMF;_Melin et al. 2006), IFCA Mexican After merging the re_s_ults fro_m eac_h patch, the output of PwS
hat wavelet filter (IFCAMex;|[ Lopez-Caniego ef&l. 2007)° 2 set of source positions with estimated flux densitie® Th
PowellSnakes (PwS; Carvalho et al. 2011? in preparatiorﬁlRCSC pipeline photometry algorithms are then appliedet ea

Carvalho et dll 2009) and SExtractor (Bertin & Arnouts 19960Sition to obtain other measures of flux density and sixinga
Some of the algorithms are still in development and the tesyfto account the instrumental noise in each pixel.

depended on version of algorithms used and their implementa

tion methodology in the ERCSC pipeline. Of these, only twp.1.2. SExtractor

were selected to generate the final catalogues. The two aI%o- i )

rithms were selected to provide the largest numbers of aige-r  SEXtractori(Bertin & Arnouts 1996), as for PwS, requiresaloc
bility sources at high Galactic latitude in tRéanck maps. These flat patches created from gnomonic projections. Each magis p

are PwS v2.0 for frequencies 30-143 GHz, and SExtractor f§fered with a Gaussian kernel the same size as the beamrat eac
frequencies 217-857 GHz. ' frequency (the built-in filtering step within SExtractonist used

as it uses a digitised filtering grid). Typically, a Mexicaat il-
ter gives slightly more reliable detections of point sograe

2.1.1. PowellSnakes the presence of noise and background, although bright éten

] ] o sources are often missed. However, a Gaussian filter is ediopt
PowellSnakes is a fast Bayesian method for the detectiorsef thecause simulations show that it performed almost as well as
crete objects immersed in afflise background. The applicationhe Mexican hat for high-latitude compact sources and Is sti
of Bayesian model selection and the Bayesian informatién cgensitive to sources that are extended. The algorithm thels fi
terion to source detection and extraction have been redidye objects by isolating connected groups of pixels above aitert
Hobson & McLachlan (2003) and Savage & Oliver (2007). PWg_sigma threshold. Sources which are extremely close to each
builds on these ideas and incorporates them in a fast implemgther are deblended if a saddle point is found in the intg okt
tation. tribution. Spurious detections due to neighbouring braddjects

The all-sky map is resampled onto a set of overlapping flate cleaned, and finally the algorithm determines the cielstod

patches using a gnomonic (tangent plane) projection. Eaitip each source and performs photometry in an elliptical Kragr-ap
is modelled as a set of discrete objects, of known shape,@mbgire (Bertin & Arnouts 1996; Kroh 1980).
ded in a stochastic background, with added instrumentaenoi  The performance of SExtractor’s own adaptive aperture pho-
The object shape is chosen to be a circular Gaussian appn@xnetry (MAG,AUTO) is good at high latitudes for aPlanck
imation to the éective point spread function (PSF), and thérequencies, providing flux densities to within 10% accyrac
background and instrumental noise are modelled as a Gaussiad errors typically 1-5%. Nevertheless, at low Galactic la
random field with power spectrum to be estimated from thades, particularly at the highest frequencies, the phetdm
data. Because both the PSF and background vary with sky pecuracy is significantly degraded. This is because it usas-a
sition, the analysis is performed on overlapping sky paichable Kron radius, which becomes unstable in crowded fields
within which the properties are assumed to be uniform. Ahhigwith strong residual background fluctuations. To ensurediom
latitudes and low frequencies the background is dominayed §eneous flux density estimates, the primary flux densitynegt
the CMB, so the Gaussian assumption is a good one; near j§ebtained from an external source extraction code, as was d
Galactic Plane, however, the background is dominated bg-enfor PwS.
sion from the ISM and the assumption breaks down. In practice
however, PwS gives good results in these cases. At the highes , L
frequencies SExtractor was found to perform better than,Pw&1-3- Flux Density Estimation

probably because the model of the background statistiasas p Each source that is extracted has foufetient measures of flux
and also because many of the sources affeistt peaks in the gensity associated with it. These are based on aperturerphot
ISM emission and are not well represented by the PSF modekyry, PSF fitting, Gaussian fitting and a measure native to the
Given these assumptions, PwS estimates source parameetgce detection algorithm (Tadlé 2). Each of these flux den-
by maximising the posterior probability (i.e., the prodatthe sity estimates has a local background subtracted but they ha
likelihood and an assumed prior), using a simultaneousimuliot been colour corrected. Colour corrections are availabl
ple maximisation code based on Powell’s direction set @lyor [Planck Collaboration (2011v).
(hence the name) to rapidly locate local maxima in the pmster
This novel feature makes PwS substantially faster than &ontl. The FLUX and FLUXERR columns in the ERCSC FITS
Carlo Markov chain methods used by Hobson & MclLachlan files give the flux densities measured in a circular aper-
(2003). Whether or not a posterior peak corresponds to @eour ture of radius given by the nominal sky-averaged FWHM.



Planck Collaboration: ERCSC

Appropriate corrections have been applied for the flux de8-2. Primary Reliability Selection: Monte-Carlo Analysis
i ide th rtur ming that th r refilej . . : : .
Zgo?#ttzgfr(t:ee aperture, assuming that the source pre eduahty assessment (QA) is an integral step in the validatica

2. The PSFFLUX and PSFFLUEKRR columns give flux den- catalogL_Je._ It helps_ quantify flux-density biases and f.“.'"’.(g.iig
sities estimated by fitting the source with tR&nck point uncertainties, positional errors, completeness andhiétiain

spread function at the location of the source (Mitra et ot catalogue. QA metrics based on ext_ernal (‘truth”) catadsy
2011). ThePlanck point spread function is estimated at eacfUfter at the brightest flux densities since source numbers are
point on the sky by combining the individual horn beam parse z_ind resultan'_[ QA metrics are dominated by Poissea.noi
with the scan strategy, where the individual beams are Q_addmon, generating such a _truth catalogue for the .skmfr
rived from when the scans cross planet positions. A 2 st observational priors, requires uncertain assunmptbout

Gaussian is fit to the PSF and the derived parameters of & beni\r’joﬂ oftsogrcels athss a Wiorl]e. rarégetofdfreqttﬁlems_es.
Gaussian are used to perform a constrained Gaussian fifitrcfs!J » the Monte-Carlo QA approach is adopted as the pyima
the source criterion for selecting high reliability sources.

3. The GAUFLUX and GAUFLUXERR columns give flux ' ne goals of the Monte-Carlo QA system are:
densﬂes estimated by fitting the source with an ellipticay T quantify flux-density biases and flux-density uncettes
Gaussian model whose parameters are free. _ as a function of background.

4. The FLUXDET and FLUXDETERR columns gives the flux 5 - 14 quantify completeness in extracted sources as a amcti
densities estimated by the native detection algorithm. For o flux density.

the frequencies at which PwS s used, this is estimated by 14 quantify contamination or “spurious sources” as a func
utilising the mean of the posterior distribution of all pa-  jon of flux density.

rameters, while for frequencies at which SExtractor is used T assess positionalffeets between extracted and input
it is the flux density in an elliptical Kron aperture, i.e., goyrces.

FLUX_AUTO. The FLUXDET values at the frequenciess o assess systematic uncertainties associated with beam
where PwS is used have been corrected for an average biasshape, gaps in coverage, scan strategy, etc.
that was seen in thefiierence between the extracted and in-
put flux density of Monte-Carlo sources that were injected The first step of the MC QA analysis is to run the ERCSC
into the maps. This is most likely due to an inaccurate repipeline on the input maps to generate a source catalogtiegfor
resentation of the true beam inside the PwS detection algnie sky. Unresolved point sources, convolved with a cadyl
rithm. For faint extended sources in the upper HFI frequesymmetric Gaussian with full-width at half maximum identic
cies, the SExtractor FLUXDET values might be useful.  to that of the derivedféective beam, are injected into the maps at
random positions and with random flux densiti8s)@nd re-run
the main ERCSC pipeline. The typical run parameters are 1000
Once the initial pass of the algorithm generates the listlof &ources per iteration, uniformly distributed across the kkor-
sources in the map, the next step is to identify the ones whigy {5 minimise Poisson/N variation in our estimates of QA
are highly reliable, i.e., those that have accurate post@as arameters, while keeping confusion low, we execute 1@-iter
well as flux density uncertainties which are Iess_ than Baen tions. The present set of runs uses adifdlog$S distribution
the absence of a “truth” catalogue for the sky, it is not possi | flux densities ranging from 100 mJy to 100 Jy. We have
ble to definitively identify reliable sources. The significdre- previously tested Monte-Carlo runs where the injected cesir
quency diference betweenkari, IRAS and Planck at submil-  fq10y a flux-density distribution that is similar to thlanck
limetre frequencies implies that uncertain extrapolatiofthe gy, Model. No significant dierences due to the choice of flux
thermal dust spectral energy distribution (SED) need to 8€em qensity distribution have been found, particularly beesairce

to force associations between far-infrared sourcesRiRdck  exiraction in thePlanck maps are not significantlyfiected by
sources. At radio frequencies, deeper surveys such aswltbse ésource confusion.

the Green Bank Telescope, Parkes and ATCA have been underye note that to precisely assess the performance of the

taken (e.g._Gregory et@al. 1996; Gith etal. 1995). However, hiyajine, including systematictiects associated with the gen-
the flat-spectrum radio sources that dominate the soura@l@op gration of the all-sky maps, the artificial sources shouldnbe
tion vary significantly even on short time scales. In addifihe jected into the time-ordered data stream and processedghro
high source density of those surveys requires assumptms a g5 each of the data-processing steps outlined in Zacchgi e
the thermal and non-thermal spectral indices in order to-idg017); Planck HFEI Core Team (2011b). This however, is pro-
tify possible associations between thkanck sources and the ppitively expensive in terms of computational resourced a
radio sources. Although these ancillary external cat@8@re annot be accomplished at the present time given the rapid
used for cross-validation of the final ERCSC, the primary meg,inaround required for the ERCSC.

sure of reliability for the sources uses a Monte-Carlo Quali At the end of the Monte-Carlo runs. we have one catalogue

Assessment (MCQA) analysis that is described in the next sgghich only comprises the sources detected in the origina ma
tion. This is the first application of a Monte-Carlo sourc@eh 4,4 10 catalogues which have the original sources in additio
acterisation algorithm at these frequencies, althougpriaetise 1, he detected fraction of the fake sources that were ieject

is fairly commonplace at higher frequencigs (Chary et al<20 jyig the maps. We first match the sources in the original map to
and references therein). The process is described below.  g5ch of the remaining 10 catalogues with a matching threshol
of twice the FWHM. This leaves only the artificial and spusou

2 Spurious sources can be classified as those which have an intpOUrces In the catalogues, Wh_ose propert!gs can then. b.e com-
sic flux density of zero but with some arbitrary extracted fiiensity, Pared to the known flux densities and positions of the infizcte
corresponding to a flux density error of 100%. The presencguoh SOUICES. )
sources would decrease the reliability at the corresponditracted Reliability specifies the fraction of extracted sources thia
flux density. fer from their input flux densities to within 30%. This is besmn
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Table 2. ERCSC Catalogue Columns

Column Name Description
Identification

NAME Source name
FLUX Flux density (mJy)
FLUX_ERR Flux density error (mJy)
CMBSUBTRACT Flag indicating detection of source in CMB saloted maps
EXTENDED Flag indicating that source is extended
DATESOBS UTC dates at which this source was observed
NUMOBS Number of days this source observed
CIRRUS Cirrus flag based on 857 GHz source counts

Source Position
GLON Galactic longitude (deg) based on extraction algarith
GLAT Galactic latitude (deg) based on extraction algorithm
POSERR Standard deviation of positiondfgets for sources with this SNR (arcminute)
RA Right Ascension (J2000) in degrees transformed from (ML&_AT)
DEC Declination (J2000) in degrees transformed from (GLGINAT)

Effective beam
BEAM_FWHMMAJ Elliptical Gaussian beam FWHM along major axis am)
BEAM_FWHMMIN Elliptical Gaussian beam FWHM along minor axis (anio)

BEAM_THETA Orientation of Elliptical Gaussian major axis (megesiiEast of Galactic North)
Morphology
ELONGATION Ratio of major to minor axis lengths
Source Extraction Results
FLUXDET Flux density of source as determined by detectiothoe (mJy)
FLUXDET_ERR Uncertainty (1 sigma) of FLUXDET (mJy)
MX1 First moment in X (arcmin)
MY1 First moment in Y (arcmin)
MX2 Second moment in X (arcmti
MXY Cross moment in X and Y (arcmfi
MY2 Second moment in Y (arcmii
PSFFLUX Flux density of source as determined from PSF fitindy)
PSFFLUXERR Uncertainty (1 sigma) of PSFFLUX (mJy)
GAUFLUX Flux density of source as determined from 2-D Gaasgitting (mJy)
GAUFLUX_ERR Uncertainty (1 sigma) of GAUFLUX (mJy)
GAU_FWHMMAJ Gaussian fit FWHM along major axis (arcmin)
GAU_FWHMMIN Gaussian fit FWHM along minor axis (arcmin)
GAU_THETA Orientation of Gaussian fit major axis
Quality Assurance
RELIABILITY Fraction of MC sources that are matched and hplietometric errorsc 30%

RELIABILITY _ERR Uncertainty (1 sigma) in reliabiliy based on Poissotistias

MCQA_FLUX_ERR Standard deviation of photometric error for sources tiis SNR

MCQA_FLUX_BIAS Median photometric error for sources with this SNR

BACKGROUND_RMS Background point source RMS obtained from thresholdsfapy)
Bandfilling (857 GHz catalogue only)

BANDFILL217 217 GHz Aperture Photometry Flux Density at 85z Source Position (mJy)
BANDFILL217_ERR Uncertainty in BANDFILL217
BANDFILL353 353 GHz Aperture Photometry Flux Density at 85z Source Position (mJy)
BANDFILL353_ERR Uncertainty in BANDFILL353
BANDFILL545 545 GHz Aperture Photometry Flux Density at 85z Source Position (mJy)

BANDFILL54_5ERR Uncertainty in BANDFILL545

the flux density accuracy requirement for the ERCSC. Immpsithe flux density of the source and therefore either FLUX or
the requirement implies that the catalogue is equivaleatdat- FLUXDET. The background RMS is derived from the RMS
alogue with a>5¢ cut if the noise were Gaussian. That is, aneasured in a2radius annulus on the maps after individual
typical 5o~ source would have a flux density error that is smallefetected sources are masked. The choicé efés made empir-
than 20%, 68% of the time, which translates to a flux density acally. It was found that if the outer radius were too sma#, i
ror of <30% for 90% of the sources, for a Gaussian distributiceens of minutes of arc, the RMS was similar to the RMS returned
of errors. It is well known that the contribution from the @&y by the detection algorithms which detect sources as peakasab
and the CMB results in a non-Gaussian distribution for thekba the local RMS. These RMS returned by the codes are typically
ground RMS, at least on large spatial scales. Future wotlatvil lower than the RMS measured in the larger annulus used here.
tempt to build upon our increased knowledge of the foregdsunif the outer radius were too large (several degrees), backgr
from thePlanck maps and undertake a more precise charactestructure gets smoothed out. A radius 6frpresents a trade-
zation of the noise. off between these two extremes and yields a background RMS
The reliability is measured as a function of root-mean-sguavhich is a combination of substructure in the background and
(RMS) signal-to-background where the signal is a measuretbg instrumental noise in the maps. The RMS is converted to a
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1o background RMS for a point source, by integrating over the Once the dferential reliability of each source in the origi-
Planck beam. nal map has been estimated, the sources are sorted in decreas

Figure[2 shows the flux-density accuracy, the positional &g order of SNR. The dierential reliability is converted to a
curacy and the dierential reliability as a function of SNR atcumulative reliability by integrating the ierential reliability
30 GHz based on the artificially injected Monte-Carlo sosrceoVer increasing SNR values. We imposed a cumulative relia-
The diferential reliability is simply the reliability in each birf o bility threshold of 90% and a maximum standard deviation in
SNR while the cumulative reliability is the integral of thé-d the reliability of 10% for the ERCSC. This is the primary cri-
ferential reliability above a particular SNR value. Alsmsm in terion used to select high reliability sources. The religbcut
Figurd2 is the flux density accuracy, positional uncerjaimum-  is applied to both the FLUBackground RMS as well as the
pleteness and reliability as a function of flux density fa tralf FLUXDET/Background RMS, since these are two distinct mea-
of the sky with the lowest sky background RMS. Due to the difures of flux density and the resultant catalogue is the umfion
ferences between how FLUX and FLUXDET are estimated, thge two reliability cuts. The union is selected to maximiserse
top panels and lower panels are not the same. First, FLUXDE®QuUNs since dierent measures of flux density tend to be more
flux densities have a larger scatter at almost all SNR ratios-c accurate in dferent regimes as described in Sgcfl 5.1.
pared to FLUX. This is partly due to the prior assumptions on The technique that is chosen at each frequency is the one
the source profile that are made in the estimation of FLUXDEthat returns the maximum number |bf > 30° sources above a
Deviations from this assumed source profile result in eriors cumulative reliability of 90%. These happen to be our patéc
the derived flux density. implementation of PwS between 30 and 143 GHz and SExtractor

Second, the FLUXDET reliabilities appear to be higher &€tween 217 and 857 GHz.
low SNR compared to the FLUX based reliability values. At low
values, the aperture flux-density baseq FLUX estimatestend, 3 Secondary Cuts in Selection of Sources
become increasinglyfiected by sky noise and even the back-
ground estimation becomes more uncertain. FLUXDET valug&e primary selection criteria described above have begn au
are derived assuming a fixed source shape and a flat backgronmehted by a set of secondary cuts which take into accountiknow
As a result, for point sources, the scatter in FLUXDET valaies source artefacts in the maps.
low SNR is smaller. When the error in the flux density estimate First, the transit of bright sources (especially planetspss
exceeds 30%, the reliability decreases. We note that therunghe beam results in a pattern of bright and dark patchesdinat i
tainty on the reliability estimate is dominated by the Poiss peated every 36 arcmin along the scan pattern, in the upper HF
statistics of the number of sources in the corresponding SNRnds/(Planck HFl Core Te&m 2011b). These are due to the im-
bins. That is, if the completeness in a particular SNR biovg | precise removal of an instrumental artefact (the 4K coglecs
the uncertainty on the reliability is high. The typical urteénty tral line). A subset of these patterns have been visuallytitied
on the reliability estimate in a particular SNR bin is abot.5 in the maps and masks have been generated for those patches of
Also shown in Figur&]2 is the histogram of separations beky. These masks are reflected in the incomplete sky coverage
tween the injected and extracted positions. Thepbsitional Table[3. If more than 5% of the pixels within one FWHM from
offset is approximately 230 arcsec in low background regioribg source fall on the mask, the source is rejected.
which is almost FWHNML0 at 30 GHz. Second, there are known gaps in the maps associated with

The completeness plots for the Monte-Carlo point sourct¥ masking of planets and asterfidt sources have any of
are shown for illustrative purposes for the half of the skinwie ~ their pixels within one FWHM falling on such a gap, the source
lowest background RMS. Without factoring in the source sizé rejected. This prevents edgffeets due to the side lobes of
distribution and flux density distribution of the real soeiop-  bright planets from being classified as sources and als@ptev
ulations, as well as the fraction of sky observed with a pakir the introduction of large errors in the photometry of sosrce
amount of exposure time, the completeness plot cannot lik use Third, sources are also required to have either an aperture-
to directly infer the actual completeness of the ERCSC. photometry SNR> 5 (FLUX/FLUX_ERR > 5) or a detection

Figures[B and14 show similar plots for the Monte-Carlg?€thod photometry SNR: 5 (FLUX/FLUXDET.ERR > 5).
sources at 143 and 857 GHz. Interesting trends can be oliser{/8€ distinction is important, due to the fact that the phatom
by comparing these plots. The obvious one is an improvemdi@m the PowellSnakes implementation consistently ureiere
in positional accuracy with increasing frequency due tospe= Mates the flux density for even marginally extended sourtes a
tial resolution ofPlanck improving with increasing frequency. the lower frequencies. _

Another interesting trend is the evolution in the range afba  Fourth, due to the requirements on the flux-density accuracy
ground RMS values for the cleanest half of the sky, which |8 the ERCSC, the standard deviation in the photometricrerro
provided in mJy in the numbers following “RMS:”. The numor the artificial sources with the same SNR as the real sdarce

bers indicate that the background RMS is the largest at 857 G¥¢quired to be less than 30%.
due to the enhanced contribution of ISM emission. Fifth, in order to remove extended sources associated with

The SNR values of the real sources are then estimated fr§hpstructure in the Galactic ISM, we eliminate non-circula
the ratio of FLUXBackground RMS or FLUXDE/Background — - : _ )
RMS. The reliability of the Monte-Carlo sources shown instne ~ The following objects have been masked in the map making.
Figures is applied to the real sources using the SNR vaIUmas@Stero'dS: 10 Hygiea, 11 Parthenope, 128 Nemesis, 12 Vectds

. . e geria, 14 Irene, 15 Eunomia, 16 Psyche, 18 Melpomene, 1frkgr
comparison metric. These reliability values are betweendla | Ceres, 20 Massalia, 29 Amphitrite, 2 Pallas, 324 Bambega,

although the minimum over all frequencies after the cuneat ., 41" paphne, 45 Eugenia, 4 Vesta, 511 Davida, 52 Eur@da, 7
reliability cuts are applied is 0.74. If an arbitrary sout@®s a |nteramnia, 7 Iris, 88 Thisbe, 8 Flora, 9 Metis. Comets: Eitton,
reliability of 0.74, itimplies that 74% of the time, a soutgéng  Cardinal, Christensen, d'Arrest, Encke, Garradd, Gunnitiela 2,

in a patch of sky with similar sky noise will have an estimatedolmes, Howell, Koff, Kushida, LINEAR, Lulin, McNaught, NEAT,
flux density that is accurate to within 30%. Shoemaker-Levy 4, SidingSpring, Tempel 2, Wild 2.
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sources (ELONGATION:3) in the upper HFI bands. These arénformation from these associations to characterise tha@af
sources whose ratio of major to minor axis is greater thagethr sources at each frequency.

As a sixth criterion, we also insist that the aperture flux-den The spectral index is calculated by fitting a single power
sity is positive (APERFLUX> 0), which alleviates problems duelaw (S, « v*) to the flux density of sources in adjacent bands.
to sources whose sky background estimate is biased higreby filor 30 GHz sources, only the 30 and 44 GHz flux densities of
presence of bright sources in the sky annulus. These souiites sources are considered. Similarly, at 857 GHz, only the 54b a
have uncertain photometry and are therefore rejected. 857 GHz flux densities of sources are fit. For all the intermatedi

The final ERCSC compilation is the list of sources whichands, the frequencies just below and just above are indlinde
have satisfied the primary Monte-Carlo based reliabiliecion ~ the fit, if the source is detected in the ERCSC.
as well as all the aforementioned secondary QA criterias€he  Figure[T shows the distribution of spectral indices for the
cuts imply that about half the sources in the uncut lower freources withirb| < 10° which are likely to be sources within our
guency catalogues and about a third of the sources in the uppalaxy. At low frequencies, the median SED of sources in the
frequency catalogues are classified as high reliability s Galactic Plane is a8, « v~°° spectrum. The distribution af

As mentioned earlier, each source has foufedent mea- Vvalues significantly broaden between 30 and 100 GHz, likety d
sures of flux density associated with it. These flux density v40 varying amounts of free-free emission alon@etient sight-
ues have not been colour corrected. Users should identify dpes. At 100 GHz, the spectrum becomes noticeably flattér wi
propriate colour corrections from Planck Collaborgtiof12y) a mediane = -0.25, partly due to the increasing contribution
and apply them to the flux densities. The absolute calibmati®f thermal dust emission and partly due to the large cortribu
uncertainty of the HFI and LFI instruments is better than 740n from the CO line to the 100 GHz flux density. At 143 GHz,
at all frequencies_(Zacchei et al. 2071; Planck HFI Core Tedfe spectral index distribution shows the presence of bath r
2011b). However, the requirements on the ERCSC are a pﬁ!d'p sources as well as the dominant contribution from saurce
tometric accuracy of 30%. with thermal dust emission. Expectedly, at higher freqies)c

the distribution of spectral indices is narrow and is cahtre-
tweena = 2 anda = 3, tracing the Rayleigh-Jeans component

3. Characteristics of the ERCSC of dust emission. The reason the mediars almost 3 at 217
GHz but evolves to 2 at 857 GHz is a selectidfeet. As can
3.1. Sky Coverage and Sensitivity be seen in Figurgl5, thermal dust emission with emissiviy

. would increase faster with increasing frequency compavea t
Table[3 shows the fraction of sky coverage, the beam FWHNbLy|eigh-Jeans spectrum, relative to Bianck sensitivity. As a
and the sensitivity of the ERCSC after all cuts have been gy, sources at the intermediate frequencies can spamedy
plied. Although the 16 values are quoted, sources which argynge of spectral indices than a faint source at 857 GHz which
up to a factor of~2 fainter and located in regions of low skyyoyid have an estimated spectral index only if it were detict
background are included in the ERCSC since they meet the highg 45 GHz, and thereby preferentially have a spectrum that i
reliability criterion described in the previous sectiors An il-  |g5g steep.
lustration, Figur¢ 5 shows the flux density limit Bfanck both Figure[8 shows the distribution of spectral indices for the

in the Galactic Planellj < 10°) and at high Galactic latitude 5o, ;rces apy| > 30° which are likely to be extragalactic. At the
(bl > 30) relative to other wide area surveys at COmp"’"""b%vver frequencies, the distribution of spectral indicesdstred
frequencies. Also shown are the spectrum of typical sowtes,; , — . However, unlike the Galactic sources where the dis-
foreground emission. Figurés 6 show the all sky distributd i tion broadens with increasing frequency, among theaex

sources colour coded by flux density. galactic sources, the spectral index distribution narroeta/een
30— 100 GHz. There are two possible origins for this. One is

3.2 Statistical Nature of Sources that the CO contribution is generally negligible for theraxt
galactic sources and that the larger distribution of spéatr

In this section, we characterise the sources detect®fdngk at  dices around 100 GHz for the Galactic sources is simply @trac

each frequency. A source, called source one, at frequereisonof variation of the CO contribution to the broadband photom-

associated with a source, called source two, at frequernmyitw etry. A second possibility is that the spectral index disttion

it lies within (FWHM; + FWHM) /2, if source two is the clos- of Galactic sources is intrinsically broader while the agtilac-

est source at frequency two to source one, ¥nd versa. The tic sources at 100 GHz are dominated by a power-law distribu-

results are summarised in Table 4. Naturally, at the lowest ftion of electrons produced in relativistic shocks, whichddo

quency, 30 GHz, it is impossible to find associations at a foweisplay a more uniform power-law index. At 143 and 217 GHz,

frequency and hence columns B & C are blank. Similarly, at thie radio source population continues to dominate althahgh

highest frequency, 857 GHz, it is impossible to find ass@mat dusty sources start to become significant. This is in contoas

at a higher frequency and hence columns B & D are blank. the Galactic population where the infrared luminous sasiece

We find that at 30 GHz, where the radio spectrum mighie dominant contributor. Itis also striking that even &2 8z,

have a significant optically thin synchrotron emission compthe radio source population continues to make a significamt c

nent (which implies decreasing flux density with increadieg tribution. At the highest frequencies, both the Galactid ar-

quency), the number of sources seen in the adjacent passhiaagialactic source populations show similar behavioueetgd

is 54%. Similarly, at the highest frequency where the thérmiom the Rayleigh-Jeans tail of dust emission.

dust emission has a steep spectrum of the f8im- v**#, the A comparison with the statistical properties of sources

fraction of 857 GHz sources seen at 545 GHz is predictably Idaund in the South Pole Telescope 1.4mm and 2mm surveys

due to the relative sensitivities of the two bands. Howeaethe (Vieira et al.| 2010) is warranted. The SPT surveys found that

intermediate frequencies, the fraction of sources whietagso- ~30% of the 1.4mm sources are dusty while the majority are

ciated with sources in the adjacent bandpasses is highoddth synchrotron dominated. This is similar to the results fertigh

the fraction of associations is not 100%, we can use theisgpecGalactic latitude ERCSC source25% of the ERCSC 217 GHz
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Freq [GHz] 30 4 70 100 143 217 353 545 857
ATum] 10000 6818 4286 3000 2098 1382 850 550 350
Sky Coverage in % 99.96 99.98 99.99 99.97 99.82 99.88 99.88.809999.79
Beam FWHM [arcmirf ~ 32.65 27.00 13.01 9.94 7.04 466 4.41 447 423
# of Sources 705 452 599 1381 1764 5470 6984 7223 8988
#of |b| > 30° Sources 307 143 157 332 420 691 1123 2535 4513
100 [mdy] 1173 2286 2250 1061 750 807 1613 2074 2961
100° [mdy] 487 1023 673 500 328 280 249 471 813
Flux Density Limif [mJy] 480 585 481 344 206 183 198 381 655

Notes. @ The precise beam values are presented in Zacchei et all)(@adPlanck HFI Core Tearn (2011b). This table shows the sakiech
were adopted for the ERCS®. Flux density of the median100- source ath| > 30 in the ERCSC where is the photometric uncertainty of the
source© Flux density of the faintest100- source afb| > 30° in the ERCSC! Faintest source &l > 30° in the ERCSC.

Table 4. ERCSC Source Characterisation

Frequency A B C D E F

30 705 379 379 0.54
44 452 334 379 388 433 0.96
70 599 363 389 520 546 0.91
100 1381 496 520 1104 1128 0.82
143 1764 929 1106 1357 1534 0.87
217 5470 1067 1357 4190 4480 0.82
353 6984 2848 4189 4244 5585 0.80
545 7223 3404 4245 5363 6204 0.86
857 8988 5365 5365 0.60

Notes. (¥ Total Number of sources detectédd Number of sources detected both at frequency just below astdapove given frequency
© Number of sources detected at frequency just below givequénecy®® Number of sources detected at frequency just above giveudrey

® Number of sources detected either at frequency just belqusbabove given frequend§ Fraction of sources detected either at frequency
just below or just above given frequency

sources show an SED consistent with thermal dust emissien. Bity uncertainties. The plotted SED also show IRAS/ant50
difference however is that the dusty sources observed by the SlBX densities at far-infrared wavelengti®anck can clearly re-
dominate at fainter flux densitiesx{5 mJy). In contrast, the veal the contribution of cold dust at wavelengths longwafrd o
dusty population in the ERCSC appears to be at brighter flUlRAS/ISO and observe the transition from thermal dust emis-
densities with a median FLUX of 2.4 Jy, while the synchrotrosion to synchrotroffree-free radio emission.
sources have a median FLUX of 0.8 Jy. Thiffelience is be-
cause the ERCSC 217 GHz dusty sources are associated with
the Large Magellanic Cloud and are thereby brighter than the validation of the ERCSC
typical dusty sources that the SPT has observed.
At the three lowest frequencies Bfanck, it is possible to val-
idate ERCSC source identifications, reliability, posidbaccu-
racy and flux density accuracy using external data setdcpart
larly large-area radio surveys. This external validaticaswn-
The SED of representative sources offefient classes that dertaken using the following catalogues and surveys: (L3ky
can be found in the ERCSC are presented in this sufurveys and cataloguedMAP 5-year catalogué (Wright etlal.
section. The selected sources are a pre-stellar core L12§99) and the NEWPS catalogue, based on ealiAP re-
(Ward-Thompson et al. 2002), an extragalactic radio soursgits (Massardi et al. 2009); (2) in the southern hemisptere
Centaurus A, a synchrotron dominated radio galaxy Pictor AT20G survey at 20 GHZ (Murphy etlal. 2010); (3) in the north-
IRC+10216 which is the prototype of stars with dust She”%rn hemisphere'where no |arge-area’ high-frequencyya[jkm
the starbursting ultraluminous infrared galaxy Arp 220 #mel  AT20G is available, we used CRATES (Healey €f al. 2007).
cold stellar core ECC G176.52-09.80. The senS|t|v_|ty_andeNa An ERCSC source was considered reliably identified if it
length coverage oPlanck enables synchrotron emission, therta|is within a circle of radius one half thelanck beam FWHM
mal bremsstrahlung emission, thermal dust emission asasellyhich is centered on a source at the corresponding frequency
the transition frequencies between the emission procéss®s i, one of the above catalogs. This means of identification was
studied. FIgUI’E]g shows the SED of these representat'veuremployed aﬂb| > 5° where confusion was less of a problem
Since some of these sources are extended &®ldrek an- and the majority of the sources were extragalactic. Very few
gular resolution, the ERCSC Gaussian fit flux densities (i.such sources were spatially resolvedignck. Table[® shows
“GAUFLUX") are shown, except in the cases where the fihe percentage of sources thus identified. For the threestowe
failed in the low signal-to-noise regime. In those casesfier- Planck frequencies and fab| > 5°, the ERCSC clearly meets
ture photometry values (i.e. “FLUX” in the ERCSC) are plotits 90% reliability specification as measured by this exdéval-
ted. Uncertainties include the Monte-Carlo estimate of flar- idation. Tabld b also displays results of an attempt to as®es

3.3. Individual Case Studies
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1.5cm 3mmwoveler1‘?r§?n[ﬂm%50Mm 100um for instance, a spectral index changenof -0.5 is allowed at
' ' ' iy frequencies above 43 GHz, the agreement between the extrapo
1000 —— ena o lated and measured 70 GHz fluxes would be entirely acceptable
S E (Planck Collaboration 2011j).
| — é&%zczge.sz—og.ao
100

A comparison between the ERCSC sources andNNAP
point source catalogue was also undertaken. VWMAP seven-
year catalogue (Gold etlal. 2011) contains a total of 47 1cgsur
in the five WMAP bands. We have compared theMAP 50
sources at 33, 41, 61, 94 GHz with the sources in the ERCSC
at 30, 44, 70 and 100 GHz, respectively. A search radius corre
sponding to the FWHM of th&/MAP beam at each frequency
(0.6, 0.5, 0.35, 0.22 at 33 to 94 GHz channels) is used
to find a match oMMAP sources in the ERCSC. Figure]12
100 1000 shows the histogram distribution ®MAP flux densities; the
Frequency [GHz] WMAP 50 sources are shown in gray, and the ones with an
) ) ) ERCSC match are in red. The ERCSC include 88%, 62%, 81%
Fig.9. The SED of representative source classes in the ERC&fpd 95% of thaMMAP 50 sources at the four bands, individ-
The plot shows a pre-stellar core L1544, an extragalactic fgally. Figure[IB is a similar plot, but shows the histogras di
dio source Centaurus A, a synchrotron dominated radio galajpution of the ERCSC flux densities: the ERCSC sources are
shells, the starbursting ultraluminous infrared galaxp 220 \\\MAP seven-year point source catalogue mask which excludes
densities are shown as solid squares whileRtamck flux den- o the ERCSC beforehand to ensure the same sky coverage. It
sities are shown as stars. TREnck ERCSC enables a dlverseis_ evident that the ERCSC is a much deeper and more complete

class of sources to be studied over a broad range of freq®nelatalogue than th&tMAP 7 year catalog, especially at the 100
and flux densities. GHz channel.

o
ALl

Flux Density [Jy]

0.1

liability of ERCSC sources in the Galactic Planelkit < 5°. The WMAP 50 detections that are missed in the ERCSC at

Here, an ERCSC source was considered reliably identified i§0; 70 and 100 GHz are further investigated. The 44 GHz chan-
falls within 5 arcmin from Galactic objects like planetargtn €l is skipped since it is known to have lower sensitivity eom
ulae, supernova remnants, Hil regions (or in a few casesg-exiPared to thaeAMAP 7-year data. It is found that at 100 GHz, all
galactic sources that happen to be found at low Galactiat). the missedMMAP sources can be explained by either WflAP

The percentage of identifications in the Galactic Planevigtp Source not having a 5 GHz counterpart or only being weakly as-

but still leaves the overall reliability figures at greateamn 90%, Sociated with a 5 GHz source suggesting thaliAP source
meeting the ERCSC specification for reliability. might be spurious. At 70 GHz; 41% of the unmatched sources

We also examine the positional accuracy of ERCSC sourcd§ Variable (this is a lower limit as the variability info svab-
by comparing positions taken from the ERCSC with those detdfin€d from theMMAP five-year catalog, which is a subset of the
mined quasi-simultaneously using the Very Large Array (JLAYWMAP seven-year catalog); 13% of the unmatched sources
of the US National Radio Astronomy Observatory. ERCSC p@ve no 5 GHz ID or are only loosely associated with a 5 GHz
sitions were also compared to the positions of several faghdS0Urce~ 38% are recovered after the CMB subtraction. At 30
bright quasars (Figuie 1L0) at frequencies of 353 GHz and/\bel@HZ’ ~ 17% of _th(_a unmatched sources are variable (again, this
where a significant fraction are detected. The median sdatte 'S o_nly a 'OYYef I_|m|t),~ 34% of the unmatched sources have no
offset for frequencies 30-217 GHz was 2.0, 1.7, 1.1, 0.8, (87, §°lid identification,~ 54% are recovered after the CMB sub-
and 0.35 arcmin. The results of these two tests are consiatgh Taction. This analysis suggests that the reason theseesour
suggest that the ERCSC clearly meets its specification of RNE not detected iRlanck is a combination of source variabil-
scatter in positions being less than FWEV ity, map sensitivity (dferen'g scanning strategy WIVIAP_ and

A comparison between the ERCSC flux densities with VL lanck result_ in a dfference in the local background noise; also
measurements of the same source has also been made (FigJf&ERCSC is based on 1.6 sky surveys whereadiviéP cat-
[IT) and is discussed In_Planck Collaboration (2011j). Ahbo ogue is based on 14 sky surveys), and incompleteness of the
30 and 44 GHz the two flux density scales appear to be in go gCscC.
overall agreement with anyfiiérence attributable partly to noise
in the Planck measurements and partly due to variability in the The similarity between th®/MAP frequencies anélanck
radio sources, since thelanck and VLA measurements werebands also motivates a comparison between their flux dessiti
not exactly simultaneous. At 70 GHz however, the compariserhich is shown in Figur€14. Overall we find there is no sys-
is challenging since the VLA measurements are made at 43 Gtdmatic diference between th&MAP and ERCSC flux densi-
and an extrapolation needs to be made assuming some spetiralat the corresponding bands. The significant scatteigimre
index for the source. If a simple extrapolation to a 70 GHz fluik4 again indicates that variability is an issue. There is ag-v
density is made based on the VLA 22-43 GHz spectral indeagility analysis of theMMAP seven-year point sources, but an
the extrapolated VLA values are either too high or the flux-deanalysis of the variability on the five-ye®WMAP point sources
sity scale ofPlanck is too low. The most likely interpretation of mentioned above, shows that a high fraction of the sourees ar
this discrepancy is that the spectral index of radio soudees variable at greater than 99% confidence, and these are imajene
tected byPlanck steepens at frequencies above 44 or 70 GHz. the brighter sources (Wright et/al. 2009).
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Table 5.ERCSC Source Validation

Frequency #4dbl>5" #ldentified #ath| <5 #ldentified Total# # Identified

30 563 547 (97%) 142 95 (67%) 705 642 (91%)
44 278 265 (95%) 176 144 (82%) 454 409 (90%)
70 320 289 (90%) 280 600
5. The ERCSC: Access, Contents and Usage product of the major and minor axis of the source is 1.5 times

larger than the square root of the major and minor axis of the
estimatedPlanck point spread function at the location of the
urce, i.e.,

The ERCSC is available from both the ESAanck Legacy

Archivé] and the NASA Infrared Science ArchiV@RSA).
The source lists contain 35 columns per source at the L

bands and 36 columns at the HFI bands. The 857 GHz source VGAU_FWHMMAJ x GAU_FWHMMIN

list has six additional columns which consist of the baniedil

flux densities and flux uncertainties at the three adjacemtio > 15x VBEAM_FWHMMAJ x BEAM.FWHMMIN 3)

frequencies, 217, 353 and 545 GHz for each source detectethahe upper HFI bands, sources which are extended tend to be

857 GHz. The locations of sources are provided in Galactic cg@ssociated with structure in the Galactic interstellar ionadal-

ordinates. In addition, we also provide for each detectedc®y though individual nearby galaxies are also extended selase

a postage-stamp cutout of the source from the all sky map s¥fen byPlanck [see_ Planck Collaboratibh (20111)]. The choice

the corresponding frequency after the CMB has been subttaciof the threshold being set at 1.5 times the beam is motivated

The size of the cutout is a square of side=¥HM at the corre- by the accuracy with which source profiles can be measured

sponding frequency. The primary purpose of these cutouts isfrom maps where the Point Spread Function is critically sam-

aid in the visual validation of sources. We also provide sotgled (1.7 pixel scale for a~4’ FWHM). Naturally, faint sources

in a text file, one per frequency, for particular sources i@ ttfor which the Gaussian profile fit might have failed do not have

catalogues which state associations of the ERCSC sourbe wite EXTENDED tag set.

sources in ancillary catalogues (e.g. IRAS, GB6, WMAP) as As described in Se¢_2.1.3, four measures of flux density

well as potential variability information. are provided in mJy. For extended sources, both FLUX and
Including the ECC and ESZ, the entire data release thus c@8FFLUX will likely be significant underestimates of theeru

sists of 11 source list files, 11 all-sky source distributioaps, source flux density. Furthermore, at faint flux densitiesreor

11 notes files and postage-stamp cutouts in JPEG format ofggdbnding to low signal-to-noise ratios (less than 20), tBE Rt

the sources detected at the nine individual frequencie®d®® might have failed. This would be represented either by athega

in the ECC list. No postage stamp cutouts are provided for thiex density or by a significant fierence between the PSFFLUX

ESZ. and FLUX values. In general, for bright extended sources, we

recommend using the GAUFLUX and GAUFLUERR values

although even these might be biased high if the source isddca

in a region of complex, diuse foreground emission.

The key columns in the catalogues are: Uncertainties in the flux density measured by each tech-

. s . nique are reflected in the correspondingRR” column. The

1. source identification: NAME (strmg)_ . . flux uncertainties derived from the artificial point sourées

2. position: GL_ON, GLAT, POERR wh_lch gives t_h_e Galactlcjected into the maps are available in MCQAUX_ERR.
coordinates in degrees and the estimatedbbsitional un- ‘\ycoa FLUX_ERR is the standard deviation of the dimension-
certainty in arcminutes. _ , . less Ginput — Soutput)/ Sinput fOr input and output flux densities

3. flux density: FLUX, FLUXERR in mJy measured in a Cir-haseq on the aperture flux density (i.e., FLUX) at the sigoal-
cular aperture with radius equal to the nominal FWHM lgise ratio of the source. We believe that the most conseevat
the beam. flux uncertainty is the quadrature sum of the Monte-Carlo flux

The one additional column for the HFI bands compared to thgcertainty and the ERR” value relevant for the appropriate
LFI bands is due to the inclusion of a cirrus estimate, dbegri flux density (FLUX, PSFFLUX, GAUFLUX or FLUXDET).
below. MCQA_FLUX_BIAS provides the median in theftirence
Individual sources can be searched for in the list either Bgtween the injected flux and extracted aperture flux of ttie ar
Galactic coordinates (GLON, GLAT), or by the equivalentG@0 f|C|aI point sources. In _prlnC|pIe, the _blas should be ClmISBal_’O
equatorial coordinates (RA, DEC). Ther Ipositional uncer- if the aperture corrections are precisely known, the apeliti
tainty for a source, given by POBRR in arcminutes, dependsp,erfeC“y centred on each source, and the background carebe p
on the local background RMS and SNR. This uncertainty is orfjS€ly estimated. In practice, there is afset of a few percent,
a measure of the uncertainty for fitting the location of therse  Which can become large at the lowest signal-to-noise ratias
in the maps and does not take into account any astromefric §igh-background regions. This is a medifset estimated as a
set in the maps. Furthermore, PERR is measured from the function of SNR from the artificial point sources, and hasatty
positional uncertainty of artificial point sources injetttato the P€en applied to the FLUX value of all sources. The bias cerrec
maps. As a result, sources might have larger positionalrunchion has been applied such that the FLUX in the catalogueeis th
tainties which are not reflected in this value (See Section 2) Measured flux density divided by (1-MCQALUX BIAS) and
When a source is classified as extended, we dBfreases the flux density values by about 5%.

EXTENDED=1. This implies that the square root of the 1he lo- point source flux uncertainty due to structure in the
background is given in BACKGROUNIRMS in units of mJy.

4 http://www.sciops.esa.int/index.php?project=planck&pagdtihentdnwesiasitecprenties this is a combination of CMB noise
5 http://irsa.ipac.caltech.edu/Missions/planck.html and instrumental noise, with the latter dominating. At 148G

5.1. Catalogue Contents and Usage

11


http://www.sciops.esa.int/index.php?project=planck&page=Planck_Legacy_Archive
http://irsa.ipac.caltech.edu/Missions/planck.html

Planck Collaboration: ERCSC

Wavel th
el B0 450

4000 2000 500 250

1143
1217

0.8

1545

0.6 b

Transmission

310 |

N
Frequency [GHz]

0.0L

r

100 1000
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tionallines0=1—-0,2—-1,3—- 2,4— 3,and5— 4
from left to right) shown as a horizontal black line with tick
marks. The CO lines can introduce a significant positive inias
the flux density of the sources, particularly those assediaftth
Galactic star-forming regions. Th&ect is the most significant

sample of sources and therefore care should be taken before
undertaking statistical studies such as source counts.ighi
partly due to the fact that the scan strategy results in sig-
nificant variation in instrumental sensitivity as a funatiof
position on the sky. In addition, the relative contributimin
astrophysical sources of “noise” such as the CMB and the
emission from the Galactic interstellar medium (ISM) vary
across thé’lanck frequencies. The CMB contribution peaks
between 100 and 143 GHz while the ISM contribution peaks
above 857 GHz. In conjunction with the varying spatial res-
olution, this results in varying limits to the sensitivity o
sources that can be detected both as a function of position
on the sky and as a function of frequency. The Monte-Carlo
analysis presented later, does quantify this variatioreim s
sitivity for the overall catalogue. However, the estimdtas

the fraction of sky area above a particular completeness lim
have not been factored into the catalogue.

Variability: At radio frequencies, many of the extragalactic
sources are highly variable. A small fraction of them vary
even on time scales of a few hours based on the brightness
of the same source as it passes through tferéintPlanck
horns. Follow-up observations of these sources might show
significant diferences in flux density compared to the values

at 100 GHz where the flux density may be boosted by more than in the data products. Although the maps used for the ERCSC

50%. See Planck HFI Core Team (2011b) for details.

the noise is dominated by the CMB. At higher frequencies it i

are based on 1.6 sky coverages, the ERCSC provides only
a single average flux density estimate overRiinck data
samples that were included in the all sky maps and does
not contain any measure of the variability of the sources.

dominated by Galactic ISM. The ratio of source flux density to ThePlanck Quick Detection System (QDS; Aatrokoski et al.

BACKGROUND_RMS is the primary parameter which is used
to calibrate the RELIABILITY of sources.

2010) attempts to quantify the variability of sources segn b
Planck. The information from the QDS has been included in

The dates on which the source was observed are includedthe notes for certain sources.
in DATESOBS (UTC) in the yyyymmdd format. This will be — Contamination from CO: At infraredsubmillimetre frequen-

useful in the analysis of time-variable sources. The flunsitg

cies (100GHz and above), tliitanck bandpasses straddle

value in the ERCSC is an average over all the dates of observa-energetically significant CO lines (Figurel15). Theeet is

tions.

the most significant at 100 GHz, where the line might con-

Sources in the HFI bands each have a CIRRUS number tribute more than 50% of the measured flux density. Follow-
which is based on the number of sources (both low and high up observations of these sources, especially those as=hcia

reliability) within a 2 radius of the source, in raw 857 GHz

with Galactic star-forming regions, at a similar frequebay

catalogues derived from the maps. The number has been nor-different bandpass, should correct for the potential contribu-
malised to a peak value of one. The normalisation factor is tion of line emission to the continuum flux density of the

in practice, derived from the number density of sources & th

source. See Planck HFI Core Team (2011b) for details.

Large Magellanic Cloud region where the maximum number of Photometry: Each source has multiple measures of photom-

857 GHz sources is located.
Finally, each source has a CMBSUBTRACT flag. This flag

etry FLUX, GAUFLUX, PSFFLUX and FLUXDET as de-
fined above. The appropriate photometry to be used depends

has values of 0, 1 or 2. The value is 0 if the source is detected on the nature of the source. For sources which are unresolved

in the CMB-subtracted maps and has an aperture flfi@réince
|Sintensity_ Snocmd/sintensity < 0.30. CMBSUBTRAC L1 if the

at the spatial resolution dPlanck, FLUX and PSFFLUX
are most appropriate. Even in this regime, PSF fits of faint

source is detected in the CMB subtracted maps but has a flux dif sources fail and consequently these have a PSFFLUX value

ference of greater than 30%. CMBSUBTRAET if the source

of “NaN” (“Not a Number”). For bright resolved sources,

is not detected in the CMB subtracted maps. CMB subtraction GAUFLUX might be most appropriate although GAUFLUX

results in artefacts in the maps which might remove realcasur

appears to overestimate the flux of sources close to the

Itis recommended that a conservative user who wants a guaran Galactic plane due to an inability to fit for the contribu-

tee of source detection in follow-up observations neglegtses
with CMBSUBTRACT=2.

5.2. Cautionary Notes in Usage of Catalogues

In this section, we list some cautionary notes associaték wi
usage of the ERCSC list.

— Statistical Character: The ERCSC list is an early list of —

highly reliable sources from the firBlanck all sky survey.
It is not a flux density limited sample or even a complete

12

tion of the Galactic background at the spatial resolution of
the data. For faint resolved sources in the upper HFI bands,
FLUXDET, which is the flux density in an elliptical Kron
aperture provided by SExtractor, might give the most accu-
rate numbers. The user should also note that the absolute cal
ibration of flux-density values are required to be accurate t
within about 30% although the signal-to-noise of the sosirce
are much higher.

Cirrug1SM: A significant fraction of the sources detected
in the upper HFI bands could be associated with Galactic
interstellar medium features or cirrus. THEAS 100um
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surface brightness in MJysr for each of the sources,tured by the MMF algorithm can contaminate the list and an
which is commonly used as a proxy for cirrus, is availadditional step of validation of the detection is needed.
able through a search of the ERCSC with IRSA. Candidate Unlike the individual frequency source list or the ECC list,
ISM features can also be selected by choosing objects witthich are validated through a Monte-Carlo technique, the re
EXTENDED=1 although nearby Galactic and extragalactiability of the ESZ list has been estimated through a valida
sources which are extendedRiainck spatial resolution will tion process based on internal checks and on cross-chetks wi
meet this criterion. Alternately, the value of CIRRUS in thencillary opticalnear-infrared and X-ray cluster catalogues or
catalogue can be utilised to flag sources which might be clistages. Cross-matches with the Meta-Catalogue of X-ray de-
tered together and thereby associated with ISM structure.tected Clusters of galaxies (MCXC hereafterfi&tietti et al.
2010), Abell and Zwicky catalogues, SDSS-based catalggues
MAXBCG and Wen et al. (2009) and a compilation of SZ ob-
6. Astrophysical Source Classes ldentified by their served clusters were undertaken. For each known X-rayetjust
Multifrequency Signature several entries are available among which the identifiex; r
N . ) ) shift, coordinates, total maddsqg, and radiusRsgg were used
In addition to the single frequency catalogs describedérptie-  during the external validation processoRis the radius that en-
vious sections, there are two other source catalogs thgirare compasses a mean matter density which is 500 times the crit-
vided as part of the ERCSC. These two additional catalogs4evical density at the corresponding redshifteis less than the
age the spectral signature of two specific classes of astsephvirial radius of the clusteMsq is the mass withifRso. Further
cal sources through thielanck bands and are generated usingearches in Virtual Observatory (VO) and in logs of observa-
specialized multifrequency algorithms which have beeretieviories were performed. The goal of this search was to iden-
oped within thePlanck Collaboration. These are a list of galaxyify cluster candidates which might already have ancilldaya
clusters detected through the Sunyaev-Zeldovitdteand cold available for community access. Of the 189 cluster candgjat
pre-stellar cores identified by the derived far-infraretbcéem- 169 are associated with known X-ray or optical clusters &ied t
perature in fits to th@lanck photometry. Planck data provides the first measure of the SZ signature for the
majority of them. In addition to the cross-check with araril
data, follow-up observations with XMM confirmed an additbn
11 new clusters which are describedLin_Planck Collaboration
The Planck Early Release Sunyaev-Zeldovich (ESZ) clus2011e). 9 other new clusters have not been confirmed in the
ter sample [described in more detail lin_Planck Collaboratiok-ray as yet.
(2011d)] is a list of 189 SZ cluster candidates which are de- A full description of the validation fort is in
tected by their multi-frequency signature in tRanck bands. (Planck Collaboration 2011d). Figufe]16 shows the all sky
The thermal SZ #ect is the result of energetic electrons idistribution of the clusters and cluster candidates while
the hot intra-cluster medium inverse-Compton scatterifighe Figure[LT shows their redshift distribution. Table 6 gives list
CMB photons. The net result is a distortion in the shape of tleé columns in the ESZ catalogue.
CMB spectrum, which results in a deficit of flux density below All clusters have &lanck name which is given in the column
~220 GHz and an increment in flux density at higher frequenciB\ME. This name is constructed from GLON and GLAT, the
(Sunyaev & Zel'dovich 1972; Carlstrom et al. 2002). By wtili best estimated Galactic coordinates of the SZ signal. SM&sgi
ing a matched multi-frequency filter, the spectral signatof the detection’s signal-to-noise ratio as defined by the heaic
this distortion can be detected and measured irPthack all-  multi-filter method MMF3.
sky maps, which enables cluster candidates to be detected. When aPlanck SZ cluster candidate is identified as an X-
The ESZ sample generated as part of Bhanck early data ray cluster in the MCXC the coordinates of the X-ray counter-
release is the result of a blind multi-frequency search i thpart (i.e., the X-ray centroid) is given. The same positiamfar-
all sky maps, i.e., no prior positional information on ckrst mation is given for thé’lanck cluster candidates confirmed by
detected in any existing catalogues was used as input to ¥MdM-Newton observation (apart from one candidate iderdifie
detection algorithm. The ESZ sample is produced using owith a double cluster, see notes below). For those clustitnsanw
of the four matched multi-frequency filter (MMF) algorithmsX-ray counterpart, the Comptoiparameter, which is the inte-
available within thePlanck collaboration (hereafter MMF3; seegral of the Comptoryover the cluster area, is re-extracted from
Melin et al. (2010) for details of the comparison of the ahuist the Planck maps using the X-ray centroid coordinates and X-ray
extraction algorithms available within the collaboradiddMF3 size THETAX as priors, yielding the value Y’SX and its er-
is an all-sky extension of the algorithm described in Mefiale ror Y_PSXERR. The Comptor¥-parameter measured using the
(2006) and is run blindly over the six HFI frequency maps. Thé-ray position and size priors is known to be more robust than
technique first divides the all-sky maps into a set of overlathe blind value estimated without priots_(Planck Collaltiora
ping square patches. The matched multi-frequency filten th2011d).
optimally combines the six frequencies of each patch, assum  For cluster candidates without available estimates of K-ra
the SZ frequency spectrum and using the Arnaudlet al. (203@)sition or size, the derived SZ parameters THETA, Y, and the
pressure profile as the cluster profile. Auto- and cross- powassociated errors THETERR and YERR are the values re-
spectra used by the MMF are directly estimated from the datarned directly by the matched filter. These are likely to lwren
They are thus adapted to the local instrumental noise ang-astincertain than cases where the cluster has been confirmieel in t
physical contamination such as ISM emission. For each pateéiray data. THETA and THETAX are the estimated angular
the scale radius of the cluster profile is varied to maximige tsize of the cluster at 5 times;R.
signal-to-noise ratio of each detection. The algorithnsths- Notes on individual clusters can be found in
signs to each detected source an estimated size and arabettgPlanck Collaboration | (2011v). These notes include cross-
flux. The detected sources extracted from individual patene matches with ERCSC sources as well as the origin of the
finally merged into an all-sky cluster list. Non-SZ sourcap< redshift.

6.1. The Early Sunyaev-Zeldovich Cluster Catalogue
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Table 6.ESZ Catalogue Columns

Keyword Type
INDEX Index of clustersi.e., 1, 2, 3...
NAME Planck name of cluster candidate
GLON Galactic Longitude fronflanck (deg)
GLAT Galactic Latitude fronPlanck (deg)
RA Right Ascension (deg) frorRlanck (J2000)
DEC Declination (deg) fronfPlanck (J2000)
SNR Signal-to-noise ratio returned by the matched mutefiiMMF3)
ID External identifier of cluster e.g., Coma, Abell etc.
REDSHIFT Redshift of cluster from the MCXC X-ray cluster coilation (Pifaretti et al. 2010) unless stated otherwise in the notes
GLON_X Galactic Longitude of the associated X-ray cluster (deg)
GLAT _X Galactic Latitude of the associated X-ray cluster (deg)
RA_X Right Ascension (deg) of the associated X-ray cluster@d20
DEC.X Declination (deg) of the associated X-ray cluster (J2000)
THETAX Angular size (arcmin) at 5R500 from X-ray data.
Y_PSX Integrated Compton-Y (arcrijnat X-ray position and within 5R500 (THETX)
Y_-PSXERR  Uncertainty in YPSX
THETA Estimated angular size (arcmin) from matched multefiMMF3)
THETA_ERR  Uncertainty in THETA
Y Integrated Compton-Y (arcmiat Planck position and within THETA from matched multi-filter (MMF3)
Y_ERR Uncertainty in Y
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6.2. The Early Cold Cores Catalogue
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Pre-stellar cloud cores represent the transition fromulerice
dominated large scales to the gravitation dominated pi@ltos
lar scales and are therefore a crucial step in the procegarof strate, most of these entries are more correctly describtmbid

formation. Imprinted in their structure and statisticsnforma-

clumps”, intermediate in their structure and physical sda-

tion of the properties of the parental clouds and the core faween a true pre-stellar core and a molecular cloud. This is o

mation processes where interstellar turbulence, magfielis,
self-gravity, and external triggering all play a role.

course to be expected as tRkanck effective beam dictates a
preferred angular scale for ECC detection, and the sefeptio-

ThePlanck all-sky submillimetrgmillimetre survey has both cess places their emission peak in the submm range.

the very high sensitivity and spatial resolution requiredthe

In order to detect the cold cores, a warm background deter-

detection of compact cores. The highest frequency chamelsnined by the scaletRAS 100um emission is subtracted from
857, 545 and 353 GHz cover the frequencies around and lomige Planck maps at 217, 353 and 545 GHz (Montier et al. 2010;
wards of the intensity maximum of the cold dust emissiollanck Collaboration 2011s). The scaling factor is deteeti

B,(T = 10K)? peaks at a wavelength close to 30f6while,

by measuring the sky background in a disk of 15arcmin outer

with a temperature of ~ 6 K, the coldest dust inside the coresadius. We search for the presence of a source in the residual
has its maximum close to 5@®n. WhenPlanck data are com- emission, and perform photometry at the location of detkcte
bined with far-infrared data like thERAS survey, the observa- sources. The band-merging process positionally matchHestsb
tions enable accurate determination of both the dust tesnpen the 353 GHz detection list, which contains the least numbe

tures and its spectral index. For historical reasons, wéQasi

of entries, against both the 545 and 857 GHz catalogues asing

Cores” to designate the entries in the ECC, since pre-stelfd matching radius. Sources only detected in one or two bands
cores were a major scientific goal of this product. However, are discarded. The SNR and position of the detection hahiag t
two companion papers (Planck Collaboration 2011r,s) demagreatest SNR are assigned to the band-merged entry.
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Keyword Type

NAME Source name

SNR Signal to Noise ratio of detection

GLON Galactic longitude (deg) based on bandmerge algorithm
GLAT Galactic latitude (deg) based on bandmerge algorithm
RA Right Ascension in degrees (J2000)

DEC Declination in degrees (J2000)

APFLUX353 Aperture flux density at 353 GHz (mJy)

APFLUX545 Aperture flux density at 545 GHz (mJy)

APFLUX857 Aperture flux density at 857 GHz (mJy )

APFLUX3000 Aperture flux density at 3000 GHz (mJy)

APFLUX353 ERR Uncertainty (1 sigma) in APFLUX353

APFLUX545 ERR Uncertainty (1 sigma) in APFLUX545
APFLUX857.ERR Uncertainty (1 sigma) in APFLUX857
APFLUX300QERR Uncertainty (1 sigma) in APFLUX3000
TEMPERATURE Temperature from greybody fit (K)

BETA Emissivity index from greybody fit

S857 Flux density at 857 GHz from greybody fit (mJy)
TEMPERATUREERR Uncertainty (1 sigma) in TEMPERATURE (K)
BETA_ERR Uncertainty (1 sigma) in BETA

S857ERR Uncertainty (1 sigma) in S857

BESTNORM Summed squared residuals for best fit GnJy
TEMPERATURECORE Core Temperature from greybody fit to cold residual simis(K)
BETA_CORE Emissivity index from greybody fit to cold residual esiis

MAJ_AXIS _FWHM_CORE

MIN _AXIS _FWHM_CORE
TEMPERATURECOREERR
BETA_COREERR

MAJ_AXIS _FWHM_COREERR
MIN _AXIS_FWHM_COREERR

Ellipse major axis of cold residual emission (arcmin)
Ellipse minor axis of cold residual emission (arcmin)
Uncertainty (1 sigma) TEMPERATUREORE (K)
Uncertainty (1 sigma) BETEORE

Uncertainty (1 sigma) MAAXIS _FWHM_CORE
Uncertainty (1 sigma) MIMXIS_FWHM_CORE
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Fig. 4. As in Figurd2 but at 857 GHz with the SExtractor algorithm.
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Fig.8. The distribution of spectral indices for sources above &0the Galactic Plane, likely to be
sources.
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