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ABSTRACT

ThePlanckEarly Release Compact Source Catalogue (ERCSC) includedisis of highly
reliable sources, individually extracted at each of theerittanck frequency channels. To
facilitate the study of thélanck sources, especially their spectral behaviour across the ra
dio/infrared frequencies, we provide a “bandmerged” cafaé of the ERCSC sources. This
catalogue consists of 15191 entries, with 79 sources detéctall nine frequency channels
of Planckand 6818 sources detected in only one channel. We descelibatidmerging algo-
rithm, including the various steps used to disentanglecgsin confused regions. The multi-
frequency matching allows us to develop spectral energyilolisions of sources between 30
and 857 GHz, in particular across the 100 GHz band, wherertbggetically important CO
J=1! 0 line enters th&lanckbandpass. We nd 3 5 evidence for contribution to the
100 GHz intensity from foreground CO along the line of sighl#7 sources witflj > 30 .
The median excess contribution is 4.6.9% of their measured 100 GHz ux density which
cannot be explained by calibration or beam uncertaintieis ffanslates to 0.50.1 Kkms *

of CO which must be clumped on the scale of Blanck100 GHz beam, i.e., 1(°. If this

is due to a population of low mass {5M ) molecular gas clumps, the total mass in these
clumps may be more than 2000 M Further, high-spatial-resolution, ground-based oleserv
tions of the high-latitude sky will help shed light on thegin of this diffuse, clumpy CO

emission.
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general

1 INTRODUCTION

From 2009 August to 2012 January, tRtancl] satellite carried
out high sensitivity all-sky surveys at nine frequenciesnfr30

to 857 GHz, with beam sizes ranging from about 33 to 4.2 arcmin
(Planck Collaborationll 2011). THelanckEarly Release Compact
Source Catalogue (Planck Collaboration/VIl 2011) listaees de-
tected in the rst 1.6 full-sky survey maps, and offers a wa@p-
portunity for studying these sources, both Galactic anchgsiac-

tic, in a previously under-explored frequency domain. TRCSC
was released on 2011 January 11, and is available from beth th
ESAPIlanckLegacy ArchivB and the NASA Planck ArchivB.

1 Planck (http://www.esa.int/Planck) is a project of the Europeqa®
Agency (ESA) with instruments provided by two scienti ¢ cantia funded
by ESA member states (in particular the lead countries eramd Italy),
with contributions from NASA (USA) and telescope re ectgnovided by
a collaboration between ESA and a scienti ¢ consortium led funded by
Denmark.

2 http://lwww.cosmos.esa.int/web/planck/pla

3 http:/firsa.ipac.caltech.edu/Missions/planck.html

In the ERCSC, source detection and characterization were
done independently in eadPlanck band yielding source lists at
each frequency. The minimum S/N in the compact source kernel
Itered individual frequency maps is 5. In addition, sindetpri-
mary goal of the ERCSC was 90% reliability, a Monte-Carlo
algorithm based on the injection and extraction of artilgaurces
into the Planck maps was implemented to select reliablecesur
among all extracted 5candidates such that the cumulative relia-
bility of the catalogue is> 90%. The reliability was de ned as the
signal to noise where that the extracted ux density of thigaoted
arti cial sources would agree with the input ux density tetber
than 30%. Thus, if a source fell on top of a bright cirrus feasuch
that its ux density was biased by more than 30%, it would be ig
nored. Since Galactic cirrus emission is the dominant comant
at the higher frequencies, and cirrus emission is patcleyctm-
pleteness at a particular ux density can be high in cleanhpes of
sky but low in regions where the ISM emission is strong. Thia+e
bility cuts are applied per band with a full description o fhrocess

provided in Planck Collaboration VII (2011). Here, we metdee
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catalogs per band after these cuts; so whether or not a sisuace
multiband source is not known until after the bandmergiracpss.

While the source lists in individual bands are impor-
tant in characterizing the statistical properties of seupop-
ulations at each frequencyl (Planck Collaboration|XIll 2011
IPlanck Collaboration Int. VIl_2013), the multi-frequencyovper
of Planck can only be fully exploited when the sources de-
tected in each band are associated. A suiteP&inck Early
Results papers have already shown the power of multifre-
quency SED in nding gigahertz peaked spectrum (GPS) saurce

i [ 2011), identifying anomalous -mi
crowave emission regions and associating the emissionspiti
ning dust |(Planck Collaboration XX 2011), and studying tie-s
chrotron break frequencies of blazars_(Planck CollabonaX\V
@). To better facilitate the study of spectral properi¢ the
Plancksources by the scienti c community, we have attempted to

nd associations between the sources detected at différeqaen-
cies in the ERCSC, a process known as “bandmerging.”

In Sectior 2 we describe the bandmerge algorithm, with em-
phasis on confusion processing. In Secfibn 3 we presentathe-b
merged catalogue and discuss the spectral energy digbrisubf
the sources. In Secti¢ 4 we use the bandmerged catalogas-to e
mate the ux-density excess due to CO contamination irPRtfaeck
100 GHz channel and use this information to assess the C&-inte
sity at high Galactic latitudes. Sectibh 5 presents our lcsians.

2 BANDMERGE ALGORITHM
FoIIowingr ), we designed an algorithm thatsstlie

speci ¢ needs of the ERCSC. The main challenges we face in
the merging process are: (1) different resolution acrosd#nds,
which leads to source confusion; and (2) the broad frequeaey
erage, which induces complications due to the intersteikedium
(ISM) emission and the transition from frequencies wheeesyn-
chrotron and free-free emission dominate to where the thiedost
emission becomes signi cant.

2.1 Cross-band matching

We begin by selecting a source in oRéanck band (the “seed”
band), and searching all the other eight bands (the “catefida
bands) for counterparts. The matching radius is alwayssshtisbe
half of the full width at half maximum (FWHM) of the larger die
two beams between the seed and candidate bands[Table dgwovi
the frequency and beam width of each of Blanckbands Planck

is not a diffraction-limited telescope and the resolutisriinited
by the scan rate, the sparse focal plane and under-illurnmaf
the primary; therefore the resolution at the upper fregigants
nearly the same. Since the upper four bands have very siarilar
gular resolutions, we adopted 5arcmin as the uniform beam si
for these four bands in the matching process. We link a sdarce
the candidate band to the seed source when the positiosat bf-
tween them is less than the matching radius. The positiccwal-a
racy of the ERCSC sources is estimated to be better than iife of
FWHM at each band_(Planck Collaboration|V/Il 2011). Therefor
our choice of the matching radius re ects a balance between i
cluding the correct counterparts of our seed source in thdidate
bands, and excluding close but unrelated neighbours ataime s
time. To avoid biasing towards or against any class of akysip
cal sources, we do not use any brightness information astafs

Whether a detection in the candidate band is an acceptalidhma

to the seed source is decided exclusively on the basis dfi@osi
Each of the nind’lanckbands is used as seed band once. For

each source in the seed band, we save the total number oftaccep

able matches (i.e., those with positional offsets less thamatch-

ing radius) in each candidate band to quantify the seriassofthe

confusion at that frequency. However, we only save poirttergp

to three qualifying matches per candidate band, arrangastiend-

ing order of the distance to the seed source. This choice ovas-s

what arbitrary, although we later found that the maximum bem

of acceptable matches per candidate band for each seea sourc

our analysis is actually three.

2.2 Confusion Processing

Ideally, after the cross-band matching, for each givenur a
band, there would be at most one pointer to a counterparitnan
band, with the counterpart having only one pointer pointiagk to
the given source. In addition, every source in a single ntecgain
should point to the others. This is indeed the most commoe. cas
However, in regions of high source density (typically at IGalac-

tic latitudes), sources that are separated by less than dbehing
radius often get erroneously cross-associated with edwdr.otVe
describe below the four different types of confusion casesew
countered in the ERCSC bandmerging process and our saution

2.2.1 Inconsistent chain

“Inconsistent chain” refers to the situation where a giveed
source's rst-choice counterpart in a candidate band dag$ave
a reciprocal rst-choice pointer back to the given sourcanédel
of an inconsistent chain is given in Figure 1, where sourcénS1
band B1 nds source S2 as the preferred match (i.e., cloggghn
bour) in band B2. However, when source S2 is used as the seed
source, it nds source S3 in band B1 is a better match, i.esadl
to source S2. In the lower part of Figure 1, we show a real ex-
ample of inconsistent chain in our bandmerging process.Whe
we use 100 GHz as the seed band and 30 GHz as the candidate
band, source PLCKERC100 G291.200.71 nds PLCKERCO030
G291.47 00.62 as the closest match. However, when the 30 GHz
band is used as seed band, the same 30 GHz source nds PLCK-
ERC100 G291.6000.52 as the closest match in the 100 GHz band.
To solve inconsistent chains, we loop over all source rexord
and check that the preferred pointers are symmetric under-in
change of seed and candidate sources. If not, we follow taach
of pointers until a reciprocal relation is found, and brelaé pre-
vious link. Whenever a linkage is broken, any existing seleon
choice pointer is elevated to rst-choice status, and anigtig
third-choice pointer is elevated to second-choice statiesthen
begin processing the current source records from the biegjum-
til only reciprocal links remain. In our example, PLCKER®10
G291.60 00.52 and PLCKERC030 G291.410.62 are found to
be the preferred matches to each other. We therefore kedipkhe
between them and break the one between the 30 GHz source and
PLCKERC100 G291.2700.71.
Due to resolution differences between the two bands, the
30 GHz source could also be a blend of the two 100 GHz sources.
We therefore further check the ux densities and inspecttimul
frequency cutout images around our sources of interesg ubim
ERCSC visualization tool at tHelancklRSA archive. In this case,
the images reveal that PLCKERC100 G291.2D.71 is a dusty
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Table 1. Characteristics of thBlanckbands

LFI HFI
PlanckBand [GHz] 30 44 70 100 143 217 353 545 857
Band Pass[ , GHZ] 6 9 14 329 458 645 1014 171.3 2459
Beam FWHM [arcmin] 32.65 27.00 13.01 994 7.04 466 4.41 4.474.23
(adopted valud) 5.00 5.00 5.00 5.00

2 The upper four bands have similar angular resolutions, westbre adopted 5arcmin as the
uniform beam size for these four bands in the bandmerginggso
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Figure 1. Inconsistent chain model (top) and real example in bandmerg
ing process (bottom). One-direction arrow goes from seewmicsoto pre-
ferred candidate source, while dual-direction arrow iat#s reciprocal re-
lation between seed and candidate. The closest 30 GHz natdhCK-
ERC100 G291.2700.71 is PLCKERC030 G291.470.62. However,
when searching the source list at the 100 GHz band, we nd PER&100
G291.60 00.52 is the closest match for this 30 GHz source.

source that only starts to emerge at 70 GHz, and gets brighter

wards the higher frequencies. Based on its 70-353 GHz ux den
sities, the contribution of this source to the 30 GHz ux diéns TR )
could not be more tha5% of the ux density of PLCKERCO030 PLCKERC143 G300.51-00.17 PLCKERC100 6300.47-00.19
G291.47 00.62.

Figure 2. Excess linkage model (top) and real example in bandmerging p
cess (bottom). Dual-direction arrow indicates recipraedétion between

2.2.2 Excess linkage seed and candidate. In the real example here, if we starRLUBKERC217
. . . . G300.34 00.25, all the reciprocal relations will lead us to PLCKERG1
After all the linkages have been made reciprocal, incoestes G300.51 00.17. However, this 143 GHz source has a reciprocal relatio

can still exist. For gxample (Seg Figlﬂe _2)1 a detect_ion Sjanrd ship with a different source PLCKERC217 G300.33D.25 at the 217 GHz
B1 may have a reciprocal relationship with a detection S2aimch band.

B2, which has a reciprocal relationship with a detectionrSi3and

B3, which then has a reciprocal relationship with a diffesurce

S4 in band B1 than the detection that started the chain. We-the present in Figuré]2, a hotspot that is seen as one source from
fore have two sources in band B1 in the same merged chain. Such70 to 143 GHz (7 arcmin resolution) is resolved into two dis-
situation is referred to as excess linkage. In the ERCSCrhargt tinct sources at 217 GHz ( 5arcmin resolution). In this case,
ing process, excess linkage often happens when one souwce dePLCKERC070 G300.4300.23, PLCKERC100 G300.470.19
tected in a lower-resolution band is resolved into multgderces and PLCKERC143 G300.5100.17 would remain linked and be

in higher-resolution bands. We break the links between tire-u listed as one entry in the merged catalogue, with a note adic
solved detections and the resolved ones, and separate théifh a  ing its association with the two sources at 217 GHz that atedi
ferent entries in the bandmerged catalogue. In the real wase  separately as two independent entries.
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2.2.3 Linkage rejection

Linkage rejection refers to the problem that not all deteiin

a single merged chain are linked to each other. We illustiage

problem using the model given in Figuré 3, where source S1 in

band B1 is matched to both source S2 in band B2 and source S3

in band B3, but S2 and S3 are not matched to each other. For

bands with similar resolutions, this problem is usually ssliby

the different positional errors of the detections in diéfier bands.

In the case of ERCSC, the main cause is the difference in th& be

sizes in different band, which means that different maighadii

are used for each pair of bands during the process of crosb-ba

matching. For instance, assuming source S1 is from the 30 GHz

band, sources S2 and S3 are from 217 GHz and 353 GHz bands in-

dividually. As de ned in Sectioi 2]1, the matching radii een

the 30 and 217 GHz bands and the 30 and 353 GHz bands are both
16arcmin as the 30 GHz band has the larger beam in both match-

ing pairs. Therefore sources S2 and S3 can both be assouwiled

source Sl if the positional offsets of these two pairs aré bess

than 16 arcmin. However, when source S2 and source S3 are com-

pared, the matching radius is 0.5 FWHM of the 217 or 353 GHz

beam, 2.5 arcmin. Therefore, these two sources will not ieled

if they are further than 2.5 arcmin apart. However, the fhat 52

and S3 are indirectly linked to a common source gives sont cre

ibility that they are probably matches to each other. Weetoze

test the unlinked detections with an enlarged matchingusadf

1 FWHM. If this relaxed threshold is passed, these detestior

temporarily associated. We then use the ERCSC visualiz &ial

to inspect the multifrequency images of these sourceselifttages

con rm that the detections at different frequencies aresil the

same source, we make the linkage permanent. If the imaggesiug
that the detection made at the lower-resolution band is kiedb
ing of the detections at higher-resolution bands, we breakink-

age. Figuré3 presents such an example, where the 30 GHz detec

tion PLCKERCO030 G256.8717.72 breaks into two components
at higher frequencies. The more compact component in the cen
ter is detected at 217 GHz, but is not in the 353 GHz catalogue;
while the component to the upper left of the center is detkate
353 GHz but not 217 GHz. Although the compact 217 GHz source
is seen at 353 GHz (Figulé 3), its high frequency counterdidniot

Figure 3. Linkage rejection model (top) and real example in bandmerg-
ing process (bottom). Dual-direction arrow indicates pemtal relation be-
tween seed and candidate, while short broken lines indicatetually-
rejected sources. The 30 GHz source PLCKERCO030 G256L8772 is
seen resolved into two components at both 217 and 353 GHzKPLC
ERC217 G256.8017.69 is detected at 217 GHz but is not in the 353 GHz
catalogue, while PLCKERC353 G257.027.52 is detected at 353 GHz but
is not in the 217 GHz catalogue. The extended nature sughesthe latter
may be thermal dust emission from the ISM.

meet the SNR requirements of the ERCSC and was excluded fromother in a one-to-one reciprocal relationship in a singlegeeé

the 353 GHz catalogue. We link PLCKERC217 G256.87.69
and PLCKERC353 G257.0017.52 temporarily after they survive
the larger matching radius, but eventually break the lirdésvieen
these two sources as it is evident from the images that thestnar
distinct sources. We further examine the SED of the sournds a
nd that PLCKERC217 G256.8017.69 is the correct counterpart
of PLCKERCO030 G256.8717.72. We therefore keep the link be-
tween these two and merge them into one entry in the bandcherge
catalogue.

2.2.4 Cirrus contamination

The aforementioned steps result in a bandmerged cataloghe w
reciprocal one-to-one pointers between matched sourcesjna

which all the sources linked in each merged chain are pointed
to each other. However, between the 353 and 857 GHz frequency

channels, the contribution from the ISM emission gets gfeoand
Galactic cirrus features can sometimes be confused wittpaotn
sources. An example is given in the top panel of Fiduire 4, e/aer
detection is made at the center of the eld in all tRenckbands
except for the 545 GHz band. All the detections are linkedaithe

chain. The 30-353 GHz images show a bright, compact source in
the center, and a positional search in the NASA/IPAC Exieage
Databad®con rms the source as the well-known blazar 4C +56.27.
The 545 and 857 GHz images, however, clearly reveal thetateic
of extended ISM emission which physically overlaps the &taie-
tected at the lower frequencies. Therefore, we cannot lplisso-
ciate the blazar with the detection at 857 GHz since the IS4em
sion at 857 GHz would boost the ux density of the blazar at the
resolution ofPlanckand result in a rising spectrum which may not
be truly associated with the blazar. We plot the SED of thisgee
chain in the bottom panel of Figuré 4. The black lled circla®
the ux densities of all the detections in the merged chaihe T
clean, at spectrum of the blazar between 30 and 353 GHz sigge
the association at these frequency channels is robust.ufing at
857 GHz is due to the contamination by ISM emission. We owrpl
the band lled ux densities for the 857 GHz sour&at 217, 353,

4 |http://ned.ipac.caltech.edu/

5 For each source detected in the 857 GHz band, the ERCSC alsenha
tries which contained the ux densities of the source in th&,2353 and

545 GHz maps derived through photometry in apertures cahten the
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Figure 4. Example of a compact blazar (4C +56.27) misassociated with e
tended ISM emission during the bandmerging process. Toy: 2degree
images centered on the sourcePlanck30-857 GHz maps. Bottom: SED
constructed from the merged detections (black lled cisgleand from the
band lled ux densities of the 857 GHz source at 217, 353 add &EHz
(red lled circles). In some cases, the uncertainty in thex density is
smaller than the size of the symbol and so the error bar ishwtis. The
clean at spectrum between 30 and 353 GHz suggests that ueiation
in these frequency channels is solid. The discrepancies lse®veen the
band lled ux densities of the 857 GHz source and the at spam indi-
cate that the 857 GHz detection is slightly offset from thasar, and its
857 GHz ux density is mostly from the ISM emission.
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ing sources with bandmerged 217-545 GHz ux densities tifat d

fer from the band lled ux densities at these frequenciesrhypre

than the total of uncertainties from both the bandmergedthed
band lled ux densities. Since the ISM emission is normabx-
tended — as in the example shown here — and the upper four bands
have very similar spatial resolution, if the sources deidett 217

and 353 GHz are compact, then the 545 and 857 GHz counterparts
should also be compact for robust matches. The EXTENDED ag
inthe ERCSC is used to selected sources which are exten86d@ at

or 545 GHz but compact at 217 or 353 GHz and these are identi ed
as cirrus candidates. Finally we inspected the images ai$ SE
these cirrus candidates, keeping the robust matches aachsieg

the incorrect associations.

3 THE BANDMERGED CATALOGUE
3.1 Content

The nal bandmerged ERCSC has 15191 entries. It is disteidbut
on the form of a FITS binary table, and is available in the NASA
PlanckArchive. The columns are described in Tdble 2. Sources are
sorted in ascending order of Galactic longitude. The enama
and positions are based on the detection at the highesteinegu
in a merged chain, as it is generally true Rlanckthat the higher
the frequency, the better the angular resolution and therbtte
positional accuracy of the source. The spatial resolutmnefich
of the upper four bands is comparable, therefore it does @t m
ter which of the upper frequency counterparts we base thiéqros
on; we use the position from the detection at the highestigraqy
for consistency with the choice at lower frequencies. Fetance,
the rst entry of the catalogue is PLCKERC G000.018.90. The
highest frequency at which this source is detected is 857.GHz
so its NAME is inherited from the 857 GHz counterpart PLCK-
ERC857 G000.0118.90 (with the frequency omitted), and its
GLON, GLAT, RA and DEC are propagated from the 857 GHz
source. This choice of the position for the merged entry maty n
always be the best solution, as the emission centroid of eceou
can sometimes shift between radio and infrared wavelengtles
therefore encourage the users to refer to the ERCSC silagie-b
source lists for characteristics of a source derived in é@cfuency
channel.

The number of frequency channels (1-9) in which a source
is detected is recorded in the NBAND column. FLUX and
FLUX_ERR are both 9-element vectors that are set to the ERCSC

and 545 GHz in red. Large discrepancies can be seen between th FLUX and FLUXERR [(Planck Collaboration VIl 2011) in the

band lled ux densities of the 857 GHz detection and the gqtex-
trum of the blazar at 217 and 353 GHz. This suggests that ibere
small offset between the 857 GHz source position (the pedkeof
cirrus feature) and the position of the blazar. The band llex
densities and the 857 GHz ux density constitute a smootimgis
spectrum that is a signature of thermal dust emission, whither
con rms that the detection at 857 GHz is mostly an ISM featlire
is also noticeable here that the 100 GHz ux density of thesqués
a little high. This is due to the contamination from the ¢é1! 0
emission line in the 100 GHz bandpassRiinck which we will
discuss in more detail in Sectidns13.3 and 4.

We detect and disassociate cirrus contamination by retctel

857 GHz position of the source. These ux densities are reteto as band-
lled ux densities, and are included in the ERCSC 857 GHz smulist.

bands where a detection is made, and set to NaN in bands where
there is no ERCSC detection. Similarly, the names of thecasur

in the ERCSC single-band lists are provided in ERO$AME,

with a null value indicating no detection at a given band. We d
tribute with the merged catalogue a note le, providing ditaial

notes for sources with NOTE ag setto 1.

3.2 Spectral types

Using the bandmerged catalogue, we have selected souateseh
detected in all three of the LFI bands (319 in total), in th@-10
217 GHz bands (910 in total), and in the 353-857 GHz band$5(337
in total). Within each group, we have calculated spectréicies

(s / ) between the adjacent bands. Figure 5 presents the
colour-colour diagrams for the spectral indices betweg3@nd



6 X.Chenetal.

Table 2.Bandmerged ERCSC content

Parameter Description

NAME Source name

GLON Galactic longitude [deg]

GLAT Galactic latitude [deg]

RA Right ascension in J2000 [deg]

DEC Declination in J2000 [deg]

NBAND Number ofPlanckbands with detection

FLUX Flux density [mJy] in thePlanckbands, set to NaN if not available.
FLUX_ERR Flux density uncertainty [mJy] in tHlanckbands, set to NaN if not available.
ERCSCNAME Name of the source in the ERCSC, set to blank if not alséela
NOTE Flag, set to 1 if there is an entry in the notes le.

70 GHz; 100, 143 and 217 GHz; and 353, 545 and 857 GHz. Sepa-3.3 Detections in all nine bands

rate colour-colour diagrams are presented for sourcgs at 10

that are likely Galactic, and for sourceglgt> 30 that are likely
extragalactic. Although not all high latitude sources maydx-
tragalactic, statistically, they are likely dominated bstragalac-
tic sources and appear to show a different distribution etspl
indices compared to sources close to the Galactic PlaneaAs ¢
be seen, at low latitudes, the low frequency sources areopried
nantly synchrotron dominated sources while at high laéfutiey
have at spectra, indicating the dominant role of radio geda and
blazars. At intermediate frequencies, there is clearlaasition to
free-free emission and thermal dust emission in the Plarike\ah
high latitude, the population is still dominated by blazaith a

at spectrum. At the highest frequencies, we see primatigrinal
dust emission both at low and high Galactic latitudes. Sihee
ERCSC is a high reliability, signal to noise limited catalegwith
varying ux density across the sky, there are a multitudeafrse
classes which are sampled by the catalogue. With the la@®a bé
Planckit is challenging to make associations with counterparts at
other wavelengths, particularly the optical/near-irédarThus, the
best attempt at source classi cation comes from the spentties
across théPlanckbands themselves. This helped identify sources
such as planetary nebulae, stars and supernova remnasgstalo
the Plane. At high latitudes, the low frequency sources ase-a
ciated with AGN/radio galaxies while the high frequency mes
are predominantly ISM features and star-forming galaxfesat-
tempt to classify 57 sources selected at 857 GHpjat> 20 ,
found that 44% of the sources were associated with the ISMsSt
galaxies, pre-stellar cold clumps and star-forming regjiaccount-
ing for 12% each, thereby highlighting the heterogeneitthefcat-
alog (Johnson et al. 2013).

We consider all sources wifh 2j < 0:5to have a at spec-
trum, where 1 and » are the two adjacent frequencies. We high-
light this region with a red box in the colour-colour plot. dixd-
ing this region, the upper left, upper right, lower right doder
left quadrants correspond to upturn, rising, peaked, a®bsipec-
trum sources, respectively. It is clear that at the radigdescies,
Galactic sources are dominated by steep spectrum, whilexthe-
galactic sources are dominated by at spectrum. At the mésti-
ate frequencies, while the Galactic sources are cleamgitianing
from a relatively at spectrum between 100 and 143 GHz to a ris
ing spectrum between 143 and 217 GHz, the extragalacticesur
mostly have steep or at spectra. At the highest frequencisisng-
spectrum, dusty sources dominate both Galactic and eXacga
source populations.

There are 79 sources that are detected at all nine frequérary ¢
nels ofPlanck Most of these sources are Galactic, and only 12 are
atjhj > 30 , including the well-known quasars 3C 273 and 3C 279,
and the starburst galaxy M82. SEDs for some of these sourees a
shown in Figure 6. Most of them show a visible bump in the SED
at 100 GHz. This is because the J&1! 0 rotational transition
line at 115 GHz falls within the bandpass of tR&anck 100 GHz
channel (Planck HFI Core Team 2011), and thus the 100 GHz ux
densities of ERCSC sources are boosted by the CO emission. We
use the bandmerged catalogue to estimate the ux-densdgssx
due to CO contribution in Section 4, where we discuss theiposs
bility of using this ux excess to trace the CO distributiohtagh
Galactic latitudes.

3.4 Detections inonly one band

There are 6818 sources in the bandmerged catalogue thaeare d
tected in only on@lanckfrequency channel. Figure 7 gives the dis-
tribution of these sources in Galactic latitude for eactheRlanck
bands. The detection of a source in one band but not anothdreca
due both to the spectral shape of the source and to the eektiv
sitivities across differenPlanck bands (Planck Collaboration VII
2011). In Table 3, we show the ux densities of the faintestrses
detected ajbj < 10 and atjhj > 30 , to quantify the sensitiv-

ity at each frequency. We also calculate the spectral isdibz
tween adjacent bands corresponding to these ux-densititdi
Figure 8 plots the spectral shape derived from these uxsidgn
limits, along with the expected spectra of the dominantatioin
processes in the frequency regime coveredPlnck It is clear
that the 30 GHz detections that are dominated by steep sytnchr
spectra would be too faint to be detected at 44 or 70 GHz, hence
the large number of unmatched sources at 30 GHz. The 44 GHz
band is the least sensitive of tRéanckbands, therefore if a source

is detected in this band, it is likely to be detected at the B2G
band regardless of spectral shape, hence the small numier of
matched sources. With the exception of the 30 GHz chanreseth
singular sources are predominantly Galactic at frequengfeto
353 GHz. This is because extragalactic sources in this @y
regime usually have at or close-to- at spectra, as showrfFig-

ure 5, and are therefore more likely to be detected at neigirop
frequencies. At higher frequencies, both the Galactic &edei-
tragalactic source populations are dominated by dustycsswiith
rising spectra. Since the detection limit in these bands misnics

a rising spectrum (Fig. 8), the relative steepness of thestapes
determines whether a source is detected in one band or anfetine
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Figure 6. Sample SEDs of sources with detections in all nilenck frequency channels. Error bars are generally not visib@abee these bright sources
have small ux-density uncertainties. A ux-density exseis evident at 100 GHz for ve of the six sources shown hereefatept 3C 273) which appears to

be due to CO along the line of sight to the source.

example, the detection limit rises a$” for sources ajhj < 10 Planck Collaboration VII 2011); and it is also possible tagew
between 217 and 857 GHz. If a source has 1:7, itis likely to of the detections are spurious.
be detected in the 857 GHz band but missed in the 217 GHz band.

Alt_hough th(_e balance of map sen_smwty and source _spectral 4 PROBING CO AT HIGH GALACTIC LATITUDES?
shape is the major reason for these single detections, d@tithe
only reason: the ERCSC is not a complete catalogue (to ensureAs we mentioned in Section 3.3, tianck 100 GHz ux density

a 90% cumulative reliability at each band, some detections were measurements can be contaminated by'#@0 J=1! 0 line at
removed from the nal source list due to the noisy sky backauch 115.271 GHz (Planck Collaboration Xl 2014). This CO is Ipro
even though they individually passed the detection thiestsee ably Galactic, along the line of sight between Planck satellite



8 X.Chenetal.

20 30GHz | 44 GHz ] 70 GHz
total = 104 total = 13 3ok total =46 j
15-
20F E
10- E
5l 10F E
0 ‘ ‘ ‘ ‘ ‘ of LT ‘
0 20 40 60 80 60 80 0 20 40 60 80
100 GHz 50 143GHz § 500 217 GHz |
total =80 4 total = 183 total = 885
40 400
n E
o}
o 30F 300
3 ]
8 20F 200
—
[©) 1
5 10F 100
o
E . 1 0 . . . h 0
S 60 80 0 20 40 60 80 0
Pz
600F k| 2508 ] 600
353 GHz 545 GHz
500 total =1234 |\ total = 1007 | 500
400F E 400
150
300F E 300
200 E 100 200
100F ] 50 100
0 0 0 ‘ ‘ ‘ ‘
0 80 0 20 40 60 80 0 20 40 60 80

jbj [deg]
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Table 3.PlanckERCSC ux density limit

Frequency [GHZz] 30 44 70 100 143 217 353 545 857
jb < 10
Flux density limi# [Jy] 0.575 0.853 0.589 0.371 0.298 0.265 0.465 1.331 2.850
Spectral inde® 0.90 0.79 1.31 0.61 0.28 1.16 2.42 1.68
jb > 30
Flux density limi# [Jy] 0.480 0.585 0.481 0.344 0.206 0.183 0.198 0.381 0.655
Spectral inde® 0.45 0.42 0.95 1.44 0.28 0.16 151 1.20

2 Flux density of the faintest sourcejéit < 10 orjbj > 30 inthe ERCSC.

b Spectral index , calculated based on the ux density limit of the adjacend=nS / . For the LFI bands, the central
frequencies of 28.5, 44.1 and 70.3 GHz are used in the ctiflmulimstead of the nominal frequencies.
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and the source. However, an origin within the source caneot b
ruled out since even a modest redshift ( 0:1) would shift the
line further inside the 100 GHz bandpass. We take two appesac
in assessing the ux-density excess due to the CO contaioimat

In the rst approach (Approach 1), we select bandmerged
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tensity zone. We then apply a linear t in log-log space, forc
ing the slope to be 1, i.elpg S{55¢°° = log lco + b. For all
the points WithSexcess > excess, the intercept has a value of

1:086 0:013 0:452 If we restrict the t to only the points
with highly signi cant excess (i.€ Sexcess > 3 excess ), We nd an
intercept value of 1:131 0:014 0:105. Here, the rst error
term is propagated fromexcess , the second error term is the scat-
tering oflog S555°°°  loglco with respect to the mean value of
b.

In a second approach (Approach II), we select sources that
have detections at 70, 100 and 143 GHz. Assuming a singlerpowe
law spectrum across these three bands, we interpolate eetive
70 and 143 GHz ux densities to approximate the true 100 GHz u
density of the source. There are 482 sources in the bandtherge
catalogue that meet this selection criterion, out of whidfi &re
atjbj > 30 . We apply the same de nition for sources with ux
excess or signi cant ux excess in the 100 GHz channel and nd
254 sources have positive ux excess at 100 GHz, out of whgh 5
are afbj > 30 . We again compare the excess values of the ERCSC
sources with ground-based CO measurements. Of the 254espurc
154 reside in the region covered by the Dame et al. (2001) C®© ma
We see in Figure 9 (right panel) the linear correlation betwihis
set of ux-density excess values and the measured CO irfjehsi
this case we nd an intercept of 1:206 0:008 0:355 for all
the sources with positive excess and:198 0:008 0:225for
sources with highly signi cant excess.

The Dame et al. (2001) CO map is largely restricted to the
Galactic plane. Since the gas and dust content in the ISM alle w

sources that were detected at 100 GHz, at two or more channelscorrelated, we further compare the ERCSC 100 GHz ux-densit
below 100 GHz, and at two or more channels above 100 GHz. This excess values with the median intensity within an apertadius

allows us to t three types of simple models to the source SED:
i) single power law

logS = po+ p1log ; 1)
i) quadratic t

logS = po+ prlog + pz(log )*; @
iii) double power law

S=po( = o)’ + pa( = 0)°% 3

wherepi (i = 0;1;2;3) are parameters that are different in each
model. The 100 GHz ux densities are excluded in the SED dtin

A model tis accepted when the? values indicate that the model
is compatible with95% of the data. In cases when more than one
model was acceptable, we selected the model with fewestgara
ters unless an additional parameter signi cantly improtrezivalue

of the reduced ? (as described in Bevington & Robinson 2003).

There are 367 sources in the bandmerged catalogue that meet

the selection criteria, out of which 225 (6%3 yield a good t.
For the sources that have a good t, we subtract the tted val-
ues at 100 GHz from the ERCSC 100 GHz ux densities, i.e.,

Sexcess = SERCSC gmadel and the uncertainty of this excess

IS excess =  ( Todely2 4 (1 ERCSC )2 We consider a source to
have a positive ux-density excess at 100 GHz wWH&ficess >
excess; 123 sources are found to have a positive 100 GHz ux
density excess. Assuming this excess comes entirely frenCt
J=1! O rotational transition line, we would expect a linear cor-
relation between the amplitude of the excess and the olberve
CO intensity from Dame et al. (2001). In Figure 9 (left panelg
plot the excess values against the CO intensity for the 51EHRC
sources that are in the region covered by the Dame et al. {2001

CO map. There is good agreement, especially in the high CO in- 8 http://irsa.ipac.caltech.edu/data/Planck/relea&xternal-data/externahaps.html

of 1 FWHM at the source position in the IRAS 106 full-sky
magf . We see that the linear relationship extends over the en-
tire sky (Fig. 10) for excess values estimated by both amhes
This suggests that we can use the ERCSC 100 GHz ux-density
excess to probe the distribution of CO at high Galacticudgs.
Since the values tted in the two approaches are not distsigu
able given the large scatter, and there is little differebesveen

the ts from all the sources and the sources with highly sigamt
excess, we therefore decide to adopt Approach Il and a lieéer

tion of log ST = log lco  1:206( 0:008 0:355) as it is

a simpler approach and has a bigger sample size. The fullleamp
of sources with a positive 100 GHz ux density excess is giiren
Table 4, which list the positions of the sources, their 7() &ad

143 GHz ux densities in the ERCSC, and the excess ux deesiti

at 100 GHz. Figure 11 presents the sky distribution of thisse.

All the sources WithSexcess > excess are indicated by lled cir-
cles, while red highlights the sources Whcess > 3 excess -

The most natural explanation would be that the excess CO
emission is coming from the source itself. However, the vaat
jority of these sources are radio-loud extragalactic AGpeeially

at high latitude. The median redshift of the sources detezthi

by cross-correlating with the NASA Extragalactic Datab@¢gD)

isz 0:5. At these redshifts, the rest-frame 115 GHz CO line
would be redshifted out of the 100 GHPtanckbandpass. Only at

z < 0:35would the CO line remain in the 100 GHz bandpass. Fur-
thermore, forevena  0:1 source, a typical molecular gas mass
of 101° M (Frayer et al. 2011; Riechers et al. 2011),would result
in an bandpass integrated ux density excess at 100 GHz sf les
than a Jy; this is many orders of magnitude below the typical pho-
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Table 4. List of sources with 100 GHz ux excess in tidanckERCSC (Only the rst 10 rows are shown here. The full table
is available online.)

Name RA (J2000)  Dec (J2000)  S70 GHz S100 GHz S143 GHz Sexcess
[hms] [dm] [3y] [3y] [3y] [3y]

PLCKERC G000.65-00.03 17 47 17 -28 23 109.28.02 227.76 9.90 196.90 7.13 81.39 11.91
PLCKERC G002.43+05.84 172921 -2345 1.38.14 1.77 0.08 1.57 0.06 0.32 0.12
PLCKERC G005.89-00.40 18 00 34 -24 03 27.05.17 30.48 0.65 30.64 0.80 1.71 0.98
PLCKERC G005.97-01.14 1803 34 -24 21 72.59.83 60.23 1.47 37.16 1.76 8.16 2.17
PLCKERC G008.13+00.22 18 02 59 -21 48 7.55.20 11.15 1.26 10.08 0.89 2.43 1.49
PLCKERC G009.34-19.61 1924 52 -29 14 12.40.19 11.08 0.08 9.13 0.07 0.39 0.12
PLCKERC G010.18-00.35 18 09 27 -2018 46.22.34 50.14 2.32 45.38 2.36 4.33 2.86
PLCKERC G012.17-05.71 18 3341 -2103 2.40.18 2.09 0.07 1.54 0.04 0.13 0.11
PLCKERC G012.80-00.20 1814 15 -17 55 51.75.63 60.71 1.56 54.54 1.87 7.59 1.99

PLCKERC G014.22+42.21 155038 +05 27 1.50.18 1.48 0.07 1.06 0.04 0.22 0.10
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Figure 11. Sky distribution of ERCSC sources that have ux-density ex-
cess at 100 GHz, as determined by Approach Il. The black Bedles
are the sources WitBexcess >  excess, While red indicates sources with
Sexcess > 3 excess - Sizes of the circles are scaled with the excess values.

tometric noise of the sources. Thus, it appears that the @0Oné
detect is Galactic CO emission along the line of sight to thece.

It is important to note that the excess CO emission is mea-
sured in the photometry of the source which in turn is meashye
subtracting the median sky background in an annulus arduad t
source. It therefore appears that the detected CO emissiorek-
cess of the diffuse, spatially extended, CO emission anlliiepy
on the scale of th@lanck100 GHz source size which corresponds
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Thus, it appears that the excess we detect due to CO at high
Galactic latitude isrobust attf®e 5 level and equivalenttoa ux
density at 100 GHz between 30 and 60 mJy. Using Figure 9, we nd
that this would translate to a CO intensity of 08,1 Kkms 1.

A similarly low value has been seen in individual lines of
sight, away from sources, in the component-separdkshck
maps. Fig. 17 of Planck Collaboration XIlIl (2014) shows evide
for low CO line intensities between 0.5 and 3 K kmtswhich cor-
relate well with ground-based measurements of CO along indi
vidual lines of sight by Hartmann et al. (1998) and Magnaralet
(2000). It is however challenging to probe the low levelsrién-
sity we are probing here since the noise in the Dame et al1(200
CO map is about 1 K km g while the noise in the Hartmann et al.
(1998) maps is about 0.2 K km$. Substructure at the level that
we are probing would be undetected in those surveys. We aldo
that the Northern hemisphere appears to show stronger iemiss
than the Southern Hemisphere by a factor o2 3 (2.5 ) but
given the weakness of the signal in the entire catalogue,uge s
gest that using deeper catalogues or deeper, higher riesoftr-
veys from the ground are required to con rm this tentativeute
If true, a comparison with the results in Hartmann et al. @)%hd
Magnani et al. (2000) would suggest that the Northern Hehnaisp
contains fewer large clouds and more small clouds while thets
ern Hemisphere contains relatively fewer small clouds amtdem
large clouds where the distinction between large cloudssamall
clouds is 15M . The most likely origin for this is likely to be
the location of the Sun above the Galactic mid plane which pro
vides an unimpeded sight line through the lower mass clurhps a

to 10 radius. This is a scale which has not been probed by pre- high latitude.

vious ground-based, CO mapping experiments and this catalo
provides a unique window into this clumpy emission. Funtinere,

Finally, we assess the gas mass in the clumps that we are
detecting. The lling factor of this gas is unclear since welyo

even thePlanckcomponent separated CO maps are unable to trace trace this low level of emission from the 147 sources withhhig

this emission at the location of the sources since the maifer su
from leakage of source ux into the component maps.

In Figure 12, we plot the Galactic-latitude distributiontb&
excess in our sample of sources with positive ux densityessc It
appears that there is a plateau in the 100 GHz excess, ixeden-
sity excess is not varying with increasing Galactic latis.dThis
plateau is likely the result of Eddington bias because we et
plotted any sources with negative ux density excesses. &¢alt
that among the 147 high Galactic latitughj (> 30 ) sources for
which the multi-band photometry was adequate to assessxthe e
istence of CO emission, only 53 ha®xcess >  excess and 10
of them haveSexcess > 3 excess. It is these 53 sources which
make it appear that there is a plateau. When including thairéng
sources, the median excess at 100 GHz for all the 147 highdati
sources is 5510 mJy, which is 4.4% of the 100 GHz ux density
of the sources and cannot be accounted for by beam uncessaint
or calibration which are less than one percent.

SNR. The lower limit to the lling factor is the fractional §d an-
gle subtended by these 100 GRianck sources and is 610 *.
Adopting the same distance parameters and conversiorrsaafto
Hartmann et al. (1998) results in a total mass of 2060 Mhich

is comparable to the mass (and mass surface density) inrge la
clouds at high latitude.

4.1 Alternative explanation to the ERCSC 100 GHz ux
excess?

Electric dipole emission from spinning dust is generallgught
to contribute to the Galactic microwave emission detectgd/éen

10 and 60 GHz. Theoretical models suggest that the peak fre-
quency of spinning dust emission could be as high as50GHz,
depending on the properties of the dust grains and their- envi
ronment (e.g., Draine & Lazarian 1998; Ali-Ha'moud et &009;
Ysard & Verstraete 2010). Therefore it could potentiallpiute

We attempt to assess the robustness of this value to system-+o the 100 GHz ux-density excess in the ERCSC sources. How-

atic errors. We rst undertake a Monte-carlo simulation vehere
scatter the ux densities of the 147 sources at 70, 100 and3H3

by their photometric uncertainty and repeat the tting prss out-
lined as Approach Il. We nd that the median excess at 100 GHz
from the 1000 Monte-carlo runs resulted in 602 mJy with the
full range of values spanning 24 to 96 mJy.

ever, such high-frequency peaks require extreme envirotsne
very high density, moderately-high radiation eld, and ifyac-

tion of ions. To date, spinning dust emission has been dmtect
mostly at 20-40 GHz across the Galactic sky. There has bezn on
extragalactic detection of spinning dust emission peak88 &Hz

in a star-forming region in the galaxy NGC 6946 (Murphy et al.

We also test random subsets of the sources for the excess2010). Combining thélanck ERCSC ,WMAP and other archival

For example, Eddington bias affects fainter sources mae the
brighter one. If the median was measured only for the SISR
sources at 100 GHz, we would derive a median excess oflB67
mJy. When only sources with SNRBO are selected, we would de-
rive a median excess of 3.0 mJy (See Fig. 15).

measurements, Peel etal. (2011) studied the continuuntrapec
of three nearby dusty star-forming galaxies (M82, NGC 25®] a
NGC 4945) but found no convincing evidence for spinning dust

In addition, since CO is dense in star-forming regions which
can also be traced by their Hemission, we compare in Figure 13
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Figure 12. The distribution of ERCSC 100 GHz ux excess with respect
to the galactic latitudes of the sources. The horizontatedotine indi-
catesjbj = 30 , the vertical dotted line indicates the weighted mean (=
0.171 0.014 0.083 Jy) of the 100 GHz sources with signi cant ux den-
sity excess for sources g > 30 . The true weighted mean when includ-
ing the sources without an excess is a factor of 4 lower anétisden 30
and 60 mJy (see text for details).

the 100 GHz ux-density excess of our sample with the fhten-
sity of these regions in the composite Hull-sky map (Finkbeiner
2003). The dark lled circles are sources with Hntensity greater
than the 25 percentile value of the full-sky map and areyikelbe
associated with star formation regions. The relationshiip W
shows a larger scatter than the correlations in Figure 9 &nd 1
suggesting a less direct relationship with a star-fornmatiacer.
The formal Pearson's correlation coef cient of the excegaiast

H is 0.6 while that against the Dame CO map is 0.97. This sug-
gests that although some star-formation may be presentialipe
along the lines of sight to 100 GHz-excess sources in thedBala
plane, the CO emission that we detect is more likely attabliet to
diffuse ISM and is not associated with individual star-fargre-
gions. There are 21 sources (grey lled circles) with Hhtensity
below the 25 percentile value. For these sources, we contpare
ux-density excesses with measures of dust extinctionhssthe
Schlegel etal. (1998 (B V) values and th@lanckAy values
(Figure 14). Although no strong correlation is seen, thespdtow
that the value oAy is not zero along those lines of sight; there is
therefore dust present in these locations, which in turxpeeted

to be collocated with ISM gas. The formal correlation coért
with extinction measures is 0.87.

4.2 Excess in other bands: A consistency check

A detection of the?CO J=1! 0 emission in the 100 GHz band
motivates a check for the next strongest line, thel5Q! 1 emis-
sioninthe 217 GHz bands. Indeed, during component separatti
the diffuse foregrounds, Planck Collaboration XIII (20149 ev-
idence for signi cant contribution of CQ=2! 1 emission to the
217 GHz intensity and CQ=3! 2 emission to the 353 GHz in-
tensity, albeit mainly in the Galactic plane. To be able tdemake
the same analysis, at high latitude for the2! 1 line, a source

needs to be detected at 143, 217 and 353 GHz in addition to 70
and 100 GHz. The 79 ERCSC sources seen in all bands are a ro

bust, bright sample for this analysis. Reproducing theyeigmthat

353 GHz, we nd that of the 69 sources that have an excess at 100
GHz, only 14 have an excess at 217 GHz and only 2 having a-statis
tically signi cant excess $excess > 3 excess) at both 100 and 217
GHz. This is partly because sources are typically brightetld

GHz due to the rising thermal dust emission and the fractiona
crease in their brightness due to @82! 1 is a smaller fraction of
their ux density and typically well within their ux densjt uncer-
tainty. In addition, the bandwidth at 217 GHz is broader. §far

the same CO line ux, the broadband ux density excess is bélf
what itis at 100 GHz, although that is compensated for in &dich

way by the reduced noise in the 217 GHz map. For the two sources
which do have a statistically signi cant excess at both 168 217
GHz, PLCKERC G250.08-31.09 and PLCKERC G305.11+57.05,
they are both at high latitude and with 2L /1! 0 ratios of 1.4 and

1.1 respectively, consistent with what is seen in the d&fi8M
where the ratio ranges from 0.5 to 1.5 and in individual gaksx
where it may be as high as 5. For the 55 sources which do not show
a 217 GHz excess, the median upper limit bf 2/1! 0is 0.7 fur-

ther indicating that the 100 GHz excess is robust. We do ndt n
any high latitude sources which have possible excess at 383 G
due to CO 8 2 emission and also at 100 GHz.

We then attempt the converse; which is we attempt to measure
an excess at 217 and 353 GHz from CO 2and CO 8 2 emis-
sion, using the same methodology adopted earlier. We tressas
if the excess in those bands is consistent with an absenceeds
in the 100 GHz band. We note that this calculation is fraugkt w
uncertainty because at these higher frequencies, pantig853
GHz, the contamination from the Rayleigh-Jeans tail of ahidt
emission is signi cant (Figure 5.). There are 95 sourcesafbich
there may be an excess at 217 GHz; comparing these regidms wit
the Dame CO map shows a weak correlation with a correlatien co
ef cient of 0.6. For the 4 sources at high latitude which hare
apparent excess at 217 GHz, we nd that two have lower limits
of 20 1 /1! 0 of 1.4 and 1.1, consistent with the range seen in
the ISM. One other source is strongly contaminated by rislngt
emission even at 217 GHz while the fourth source has a lowst li
of 4, which is unusual but consistent with the range seen.

Repeating the analysis at 353 GHz, we nd that of the 287
high latitude sources which have an apparent excess, sewen h
any observational constraints at 100 GHz. Four have lowi sign
cance excess at 100 GHz while the rest have no evidence of ex-
cess at 100 GHz. If this excess were due to AO23 the me-
dian lower limit would be 50 which is unphysical since values in
star-forming galaxies are typically 5-10. For the one sewrbich
has excess from both CA 3 and 2 1 (but not constraints at
100 GHz), the intensity ratio is 5.7, at the high end but csiesit
with values seen in star-forming galaxies. As a result, wehae
that although the methodology we have adopted works welbup t
217 GHz, at higher frequencies where dust properties showe w
range of far-infrared color temperatures, it is challegdimuse an
interpolation between adjacent bands to nd evidence foraC
excess.

Thus, although a useful consistency check, we nd that we
do not have either the S/N or source statistics to claim astobu
high latitude excess at the other bands although the avemage
cess, where detectable, is consistent with the line rages sn
Planck Collaboration XIII (2014).

4.3 Contamination from nearby sources at 143 GHz

Another possible contribution to the excess at 100 GHz isacon

was performed to derive the 100 GHz excess at the 143, 217 andination of the 100 GHz ux density from a faint nearby source.
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Figure 14. Comparison between our derived ux-density excess due ta@®Galactic extinction values along the line of sight fa #1 sources with low

H
diffuse extinction.

intensity. The fact that the extinction values are non-zgrengthens the case for there being gas associated wittugevhich is responsible for the

Since the 100 GHz beam is larger than that of the 143 GHz band,5 CONCLUSIONS

an association of only one of multiple nearby 143 GHz soutaes
a 100 GHz source would result in an excess being arti ciadiii-e
mated at 100 GHz. To assess this, we have cross-matchesdttbe li
excess sources with the deeper, low-SNR 143 GHz cataloguoe fr
Planck Data Release 1 which is also available on the pukdiodRl
archive. We nd that only 2 of the 53 excess sources at higtulde
have two close 143 GHz counterparts within 1IBA/HM at 100
GHz and only 1 of the excess sources has the counterparnwithi
1 FWHM. This rules out the presence of contamination fromtfai
nearby sources playing a signi cant role especially at hegtactic
latitude. Naturally, there can be contamination close eoGalac-

tic plane. In fact, we nd that out of the 255 sources, 84 have a
close companion within 1.5FWHM. However, our primary result

is for the contribution of CO in the high latitude sky and hetice
contamination in the Plane does not affect our conclusions.

We have created a bandmerged catalogue oPthackEarly Re-

lease Compact Source Catalog in this paper, and we have shown

how confusing cases, arising from the varying spatial tegmi in
the different bandpasses, can be handled in the processs&de u
the catalogue to probe the spectral types of the source§extedit
Planckfrequencies. The ux densities in tidanck100 GHz band-
pass are contaminated by CI31! 0 emission. We have shown
that by simple interpolation between the 70 and 143 GHz um-de
sities of individual sources, we can estimate the ux-dgnskcess
arising from the CO along the lines of sight. The CO excessegr
well with the intensity from the observed CO map in regiortsel
to the Galactic plane, and is also correlated with the IRAG 19
sky background, which is dominated by dust emission. Ths, w
are able to use the multi-wavelength spectra of bright ssuto
probe the CO distribution at high Galactic latitudes where t
rst estimates from ground-based observations &tanck have
only recently become available (Planck Collaboration XA014;
Magnani et al. 2000; Hartmann et al. 1998). We nd evidena th
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Figure 15. The solid line is the histogram of S/N ratio of the excessH{fpbsitive” and “negative”) at 100 GHz for all high latitud®urces, calculated as
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the high latitude CO emission is structured off §6ales and con-
tributes a median line of sight intensity of 0.8.1 Kkms *, which
we argue is evidence for a population of low massi6M ) high
latitude, molecular gas clumps. There i2:5 evidence for asym-
metricity between the Northern and Southern Galactic heineises
where the Northern hemisphere seems to show more small slump
than the Southern hemisphere. These clumps could accouat fo
lower limit of 2000 M of molecular gas at high latitude. Deeper,
higher resolution CO surveys will be required to provide an a
curate census of these clumps and their contribution todte t
molecular gas budget.
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