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ABSTRACT

We present new deep images of the Coma Cluster from theHES#chel Space Obser-
vatoryat wavelengths of 70, 100 and 160, covering an area df.75 x 1.0 square degrees
encompassing the core and southwest infall region. Ourdiafday an excess of sources
at flux densities above 100 mJy compared to blank—field ssnay expected. We use ex-
tensive optical spectroscopy of this region to identifystéw members and hence produce
cluster luminosity functions in all three photometric ban@/e compare our results to the
local field galaxy luminosity function, and the luminosityiictions from théHerschelVirgo
Cluster Survey (HeVIiCS). We find consistency between th@ehaf the Coma and field
galaxy luminosity functions at all three wavelengths, hegvave do not find the same level
of agreement with that of the Virgo Cluster.

Key words: galaxies: clusters: individual: Coma — galaxies: lumityp$unction — in-
frared: galaxies

1 INTRODUCTION (Larson, Tinsley, & Caldwell 1980), rapid consumption ofga
starbursts resulting from galaxy—galaxy interactians ek al.
1985;| Joseph & Wright 1985; Kennicutt ef al. 1987) or interac
tions with the core of the cluster mass distribution (M¢rtR84;
Miller 1986; |Byrd & Valtonen! 1990). These processes are re-
viewed by Boselli & Gavazzi (2006). The relative importarafe
the different processes is likely to be a strong functiorooél en-
vironment, with some only occurring in the cores of the rithe
clusters, and others being most influential in less extremizan-
ments, and therefore studying a range of environments iseaftg
importance.

The study of galaxy clusters is important as they can pro-
vide a wealth of information regarding the process of galaxy
evolution. It has been well documented that types of galax-
ies are strongly linked with the nature of their local enmiro
ments, with a morphology—density relation being found €3ter
1980; | Whitmore, Gilmore, & Jones 1993; Dressler etial. 1997;
Baldry et al.| 2006) such that early-type elliptical and ieut
lar galaxies are preferentially found in high-density ttusen-
vironments. Several processes have been identified forwemo
ing or depleting gas in cluster galaxies, such as ram-pressu
stripping (Gunn & Gottl 1972), ‘harassment’ through mutipl The Coma Cluster is a useful source of information when
high-velocity encounters| (Moore. Lake. & Kalz 1998), ‘s&r studying galaxy clusters as it is the richest nearby clusten
tion” through removal of large-scale weakly-bound gas mesies distance of 100 Mpd (Liu & Graham 2001). The central core re-
gions are nearly completely virialised (Colless & Dunn 1086d
dominated by early-type galaxies. However, there is cledr s
* E-mail:S.A.Hickinbottom@2011.ljmu.ac.uk structure, the most striking example being a large group cen
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tred on NGC 4839| (Neumann et al. 2001), generally referred to galaxies. Bai et all (2006, 2009) investigated the Spika#ts Lu-

as the ‘southwest infall region’. Many studies have looked a
the star-formation properties of Coma Cluster galaxiesh wi
Kennicutt, Bothun, & Schommer _(1984) finding several galax-
ies showing strong H emission indicating ongoing star for-
mation. This activity was confirmed by Caldwell et al. (1993)
Gavazzi, Boselli, & Kennicutt| (1991), Gavazzi et &al. (1998)d
Moss & Whittle (2005), although Caldwell et al. found veryfe
such galaxies close to the cluster core. More recently, ISetial.
(2009,/ 2012) have studied the importance of environmertiimvit
the Coma Cluster for the quenching of star formation, shgwin
that it is very important for lower luminosity galaxies butdhlittle
effect on the most massive and highly-luminous galaxies.

An additional comparison is provided by the Virgo Cluster,
a very well studied galaxy cluster (Boselli etlal. 1995) whpri-
marily lies at a distance of 17 Mpc (Gavazzi etial. 1999). How-

ever, through the use of the GOLDMINE database Gavazzi et al.

minosity Function of the Coma Cluster, and found it to be ireag
ment with the infrared local field galaxy luminosity funatidHow-
ever, it should be noted that only a small fraction of thelagis
were detected at wavelengths longer tham24and therefore the
total infrared luminosities were extrapolated using ietahips
based on optical colours.

Our adopted line of enquiry is to compare cluster galaxies
with their field counterparts using the luminosity funcsorthus
providing an understanding of what effect the local envinent
has on galaxy luminosity distributions. The likely diffares lie in
the relative numbers of the different morphological tymesyvell
as a deficiency of gas and dust in the cluster galaxies dueituga
stripping processes. This study will present results froendeep-
est far-infrared observations ever of the Coma Clusterchvhiere
obtained using the ESHerschel Space ObservatE)kyThe paper
will discuss the multi-wavelength maps of the cluster, amaal-

(2003,12014) one can see that there is evidence for substruc-ysis will be presented of the numbers and luminosities o$telu

ture within the cluster, with groupings at 17, 23 and 32 Mpc.
The Virgo Cluster contains-2000 optically catalogued galax-
ies (Binggeli, Sandage, & Tammann 1985) of both early ang lat
types. The early types have a velocity dispersion of apprasely
589km s!, whereas the late types have a velocity dispersion
of approximately 700km s' (Binggeli, Popescu, & Tammann
1993). These authors also note that the Virgo Cluster isultyt f
virialised, and so these values may be affected by substescor
infall velocities. For comparison, the Coma Cluster has lacre

ity dispersion of 1008 km's' (Struble & Rood 1999), and it is

a fully virialised environment. The Virgo Cluster has beénds

ied in detail at far-infrared wavelengths as part of therschel
Virgo Cluster Survey (HeViCS; Davies et al. 2010). Theseeobs
vations were carried out using the ES#erschel Space Obser-
vatory (Pilbratt et al! 2010), using the Photodetector Array Cam-
era and Spectrometer (PACS; Poglitsch &

member galaxies detected at these far-infrared wavelsngtiese
observations are part of a larger multi-wavelength surkiay was
instigated with théHubble Space Telescopelvanced Camera for
Surveys Coma Cluster Survey (HST/ACS; Carter &t al. [2008).

The structure of the paper is as follows. In Section 2, the
observations and the methodology of the data reduction ere d
scribed. In Section 3, the analysis of the produced imagdssis
cussed, along with the extraction of the sources. In Sedtjdhe
Coma Cluster membership is determined via the use of radshif
In Section 5, the Coma Cluster luminosity functions areveeti
and compared to both the field and the Virgo Cluster. A summary
of the results is given in Section 6.

fal. 2010) at 100 and2 OBSERVATIONS AND DATA REDUCTION

160xm, as well as the Spectral and Photometric Imaging Receiver The observations were carried out using the ESskschel Space

(SPIRE| Griffin et al. 2010) at 250, 350 and 50®.

Far-infrared emission is a sensitive and powerful tracer of
the evolutionary state of galaxies. For late-type galaitesrin-
cipally traces star formation activity (Lonsdale PerssoH&ou
1987 Buat & XU 1996), with the dominant emission coming from
dust thermalisation and re-radiation of energy from highsm
stars. In early-type galaxies, much or all of this emissgpimstead
thought to arise from dust heated by the general radiatidd fie
of the older stellar population _(Lonsdale Persson & Helo8719
Walterbos & Greenawalt 1996), and hence far-infrared domss
in these galaxies is an indicator primarily of the amount of
interstellar medium they have retained. The shape of the far
infrared spectral energy distribution and the total lumsityo at
these wavelengths thus give insight into both the cold dustent
and the star-formation rate_(Dunne etlal. 2000; Kennicufi&19
Kennicutt & Evans 2012). In turn this information can impeaur
understanding of galaxy evolution in the cluster environtrend
the effect of the various galaxy interactions upon the molqudy.

Initial results from HeViCS indicated a turnover at faint lu
minosities|(Davies et &l. 2010), which they interpretecvédence
for the stripping process which removes gas and dust beirr@ mo
effective for lower mass objects. One of the motivations tfa
present study is to determine the far-infrared luminosityction
for the Coma Cluster, and to compare it with that for the Virgo
Cluster, including the most recent analysis of the HeViC&da
(Auld et al.l 20183). Additionally we will investigate how ti@oma
Cluster luminosity function compares with that found forldie

Observatory using the PACS instrument at 70, 100 and L6

The observational area was the core of the cluster and thib-sou
west infall region, covering an area of 1.75 by 1.0 degreesm T
scans were performed with simultaneous imaging at 100/H60
and two at 70/16@m, resulting in four separate scans being made.
Within each pair, one scan was performed along the long dxis o
the mapped area, and one along the short axis. The scans were
performed at a speed of 20 arcsec/sec and the total integtatie

was 27.2 hours, equating to an effective integration tinreppes|

in the final map of approximately 40 seconds for 70 and /90
and 80 seconds for 160n. The OBSID for the scan containing
the 70um maps is 1342224628/9, and for the scan containing the
100um maps it is 1342233085/6.

The data were reduced using a pipeline written in Jython (a
Python implementation written in Java) that was run withie t
Herschellnteractive Pipeline Environment (HIPE; Ott 2010). The
pipeline used in this work follows a similar procedure totttia-
scribed irl Ibar et all (2010), but using an improved cosraicre-
moval method. The data reduction consists of three mairestag
flagging and calibration, deglitching, and imaging. Thet fitage
involves the masking of the bolometers that are known noteto b
working or are saturated (aided by house-keeping data éodaly

1 Herschel is an ESA space observatory with science instrtsypeovided
by European-led Principal Investigator consortia and withortant partic-
ipation from NASA.
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of the observations). Then the data is astrometricallpcatied by
appending the pointing product to each bolometer timelirre
deglitching process involves the removal of all those reatsig-
nals which deviate by more than 5-sigma from the projectep-ma
pixel contributions. The data is projected usingdPrRoJECTaf-
ter removing large-scale structure from the timelines gisibox-
car high-pass filter (HPF; total width of 1.6 arcmin). Thisdfiing

is essential to remove the domindntf noise present in the PACS
timelines. The projection uses 3.2 arcsec pixel sizes fathege
wavelengths. The HPF and the map projection is done itefsitiv
in order to mask the read-out contributions to bright pixests
fore high-pass filtering the timelines, hence removing ttielsbes
along the scan directions produced by the boxcar high-plss fi
which are clearly seen in the projected images. This prosess
repeated until the projected map did not differ significafitbm
the previous iteration. This process results in two diffetgpes of
sources detected within the map, those which were maskedebef
producing the final version of the map, and those which wete no
masked and were therefore subject to the high-pass filteFimese
two types of sources will be referred to as masked and unrdaske
sources respectively.

3 DATA ANALYSIS

The data were analysed using the automatic image detedtjon a
rithm SEXTRACTOR (Bertin & Arnouts| 1996), in order to deter-
mine the numbers and positions of sources present in eatte of t
three maps. The values used for the detection thresholdnitie
imum number of contiguous pixels constituting a detectgdaib
and the deblending contrast parameter werer1@and 0.01 re-
spectively. An additional flux limit was imposed by requgithat
each source as a whole was detected at a five sigma leveleelati
to the rms noise. The background flux level in the final maps is
consistent with zero, as is to be expected due to the highfjees
applied to the timelines before projection. Any sources there

PSF at the given wavelength. This corresponds to valuesAdf 2.
2.96 and 4.86 pixels at 70, 100 and 168 respectively. The larger
aperture was defined as having a 12.0 pixel (38.4 arcsecoads)
dius for all maps. This value was chosen as it encircles thiregn
of the most extended sources that we detect.

The completeness of the data was determined in order to as-
certain how many sources had been missed during the source ex
traction process. Completeness curves were determineeaftdr
wavelength band by inserting 2500 fake sources, 100 at g time
into the maps before running the SExtractor algorithm asrdesd
above in order to see how many sources were recovered. This wa
done for each brightness level between 4 mJy and 1 Jy, wigh-int
vals of 0.1 dex.

The fake source was constructed by stacking a number of
bright point sources, and then scaling the flux of the objecbed-
ingly. This process was completed twice with two separake fa
sources; once for masked sources, and once for unmaskexsour
This was done to account for sources that were not masked at an
point during the high pass filter process, and as such have a di
ferent PSF. The total completeness was determined for eagh m
nitude bin by combining the masked and unmasked completenes
using the following equation:

_emCu(Nm + )
Cullm + CmMNy

@)

Here, ¢, and ¢, are the masked and unmasked complete-
nesses, and,, andn, are the number of masked and unmasked
sources in the bin. This results in a 50 (80) per cent compbste
of 28.5, 34.5 and 42.0 (34.4, 42.2 and 52.3) mJy for the 70, 100
and 16Qum maps respectively.

We detect 201, 370 and 507 sources above thérit, in the
70, 100 and 16@m maps respectively. The numbers of these con-
firmed sources as a function of flux in the 100 and A60maps
were compared directly to results from thierschel Astrophys-
ical Terahertz Large Area Survey (H-ATLAS: Eales et al. 2010

located at the very edges of the maps were discarded due to theand the PACS Evolutionary Probe (PEP: Lutz et al. 2011), as de

increased levels of noise in those regions.

For each map, there is an optimum aperture size that maxi-

mizes the signal-to-noise ratio for point sources. For thelD0

scribed in Rigby et all (2011) and Berta et al. (2010). Thiapar-
ison is shown in Figurgl1. The numbers of sources from the Coma
data have been corrected for incompleteness, as determiaed

and 16Qum sources, we determined that the optimum aperture the method described earlier. We note the excess of sourties a

radii are 6, 7 and 10 arcseconds (Altieri 2013, private cominas
tion). The optimum aperture radius requires that the panotee
fluxes have a corresponding encircled energy fraction ctore
applied to them. The encircled energy fractions are 63.7, &4d
61.9 per cent for the 70, 100 and 160 point sources respec-
tively. The final catalogue consists of both masked and ukeths
sources, and for unmasked sources this encircled energfyofia
will be too large due to the removal of flux during the high pass
filter process. Therefore a secondary set of correctionsowtes-
mined by comparing the final flux of sources with the unproedss

bright end, which is expected given the presence of a ricaxgal
cluster in the mapped area. The faint end of our data is densis
with previous studies to within the respective errors.

The Coma Cluster has previously been observed at far-
infrared wavelengths usingRAS The observations found 41
galaxies within 4.2 degrees of the cluster centre, of whigkv@re
confirmed to be members from their velocities (Wang &t al1)99
Of these 26 confirmed Coma Cluster members founidRi&\s only
four lie within our survey region. All four sources match tausces
in our Herschelcatalogue to within 1 arcmin, which is the ap-

map flux and taking an average of the difference between them. proximate limiting resolution of théRASsurvey. There is a good

This yielded encircled energy fractions for unmasked padoirces

of 59.9, 59.7 and 54.4 per cent at 70, 100 and AB(respectively.
These aperture sizes and encircled energy fractions wawe al

used to calculate the aperture corrected root mean squas) (r

flux agreement betwedtierschelandIRASfor these four sources,
however they each have a lower flux as determinedibyschel
by 8 to 22 per cent. This is most likely due to #®ASflux being
contaminated by other nearby sources due to the I&§&point

noise values, which were found to be 5.7, 6.7 and 7.9mJy at 70, spread function.

100 and 16Q:m respectively.

The Coma Cluster was also surveyed to shallower depths at

The fluxes were measured within either the optimum aperture 100 and 16Q:m by the H-ATLAS survey|(Eales etial. 2010). We

for point sources and corrected by the factors given in 88&j or
a larger aperture for extended sources, where extendedinede
as a FWHM greater thay2 multiplied by the FWHM of the PACS

© 2012 RAS, MNRASOOQ,[1H8

matched 153 and 231 sources between the maps to within a dis-
tance equal to the optimum aperture radius. We find agreeatent
the level expected given the measure noise on the maps, adown t
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Figure 1. A comparison ofHerschelComa source number counts to the
H-ATLAS and PEP data at the same wavelength. The top plot sttlog
100pm sources, whilst the bottom plot shows the 1#0sources. The data
for the Lockman and COSMOS fields were taken fiom BertaleRall ().
The GOODS field data was taken from Magnelli €t al. (2013). ®SS
refers to the deep scan of the south field only, whereas GOR® & the
data from a shallower scan of both the north and south fields.

the detection limit, between the fluxes of these sources dowre
100mJy noise limit of the maps (Smith 2013, private commamic
tion).

4 CLUSTER MEMBERSHIP

A number of the detected sources in the maps will be foregtaun
background objects, and have no relation to the Coma Cluster
order to determine which sources are true Coma Cluster nrsmbe
the data were compared to the Hectospec Coma Redshift Cata
logue.

Data for this catalogue were obtained with the fibre multi-
object spectrograph Hectospec (Fabricant et al.| 2005 pathti-
Mirror Telescope (now MMT) on the nights of 2007 April 12—
15, with additional queue observations being made on suleseq
nights. The proposal was PA-07A-0260 (Pl: Ann Hornschenheie
These observations used a 270 lines Mngrating blazed at
~ 5000A to provide a dispersion of 1.222Lpixel’1 over a use-
ful wavelength range of 3800-8960 A total of 20 fibre config-
urations were observed with an integration time of one hache
and 200 fibres of each configuration were assigned to theifedsh
survey.

Targets for the redshift survey were selected from a parent
catalogue of galaxies with Petrosian magnitudes 21.3, within
which the higher priority targets were those with< 20.3, those
within the footprint of theHST Survey |(Carter et al. 2008), within
the XMM-Newtonsurvey |(Briel et all 2001), and those identified
with radio sources from the VLA survey (Bravo-Alfaro et/add®,
2001). No colour selection criteria were applied.

The data were reduced in a standard manner, and redshifts
estimated, using the Hectospec data reduction pipelineEHlER
A second redshift estimate was derived for galaxies in ttshiét
survey sample using theAr cross-correlation task XCSAO. Each
spectrum was then inspected visually by two separate manalber
the HST survey team to resolve discrepancies between HSRED
and XCSAO redshifts and to assess the quality and religplaifit
the measured redshifts.

The Hectospec catalogue was augmented by redshifts from
the NASA/IPAC extragalactic databBsand an unpublished cat-
alogue by M.M. Colless and A.M. Dunn (private communica-
tion). The final catalogue is approximately 90 per cent cetepl
atr = 19.0, falling to 50 per cent at = 20.3. Incompleteness is
due to the lack of spectra for some galaxies because of fibbse pr
imity constraints, and the inability to obtain reliable sadts for
the faintest galaxies.

Any source in ouHerschelcatalogue that could be matched
to a Hectospec catalogue member, to within a distance equal t
the optimum aperture radius, was classified as a true ConseClu
member; plausible larger values had no effect on the number o
matches. From this process it was determined that our dataino
50, 64 and 53 cluster members at 70, 100 and;d60@espectively,
with 46 sources being common to all three wavelength bands.

Figure[2 shows the infrared flux densities of the 64 sources
identified in the 10@um map against their-band magnitudes
taken from the Hectospec catalogue. This shows that thé&rigni
magnitude of the Hectospec survey is unlikely to have a figni
cant effect on the number of identifiable sources within aiae
logue, and that we can assume we have identified all Coma mem-
bers within our Herschel sample.

If these confirmed Coma members are removed from the ini-
tial sample that was plotted in Figure 1, and then comparéketo
PEP survey once again, the bright end excess is no longarmres
and the trend follows that seen in the PEP counts.

5 LUMINOSITY FUNCTIONS
5.1 Coma and the Field

Having produced our catalogues of cluster members, we naw co
struct far-infrared luminosity functions at each wavelings

shown in Figurd 3. The errors in the numbers were determined
via the use of low number statistics, as detailed in Gehi€I86).
Schechter (1976) showed that galaxy numbers as a function
of luminosity can be fitted using three parametefrs, the num-
ber of sourcesL*, the characteristic luminosity at which a rapid
change in the slope of the function is seen, and dimensionless
parameter which gives the slope of the function at luminesiess
thanZ*. This function is shown in the equation below.

2 http://www.astro.princeton.edufcool/hsred/
3 http:/ned.ipac.caltech.edu/

© 2012 RAS, MNRAS00Q,[TH8
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Figure 2. A plot of the 100um flux against the r band magnitude, for
confirmed cluster members. The dashed and solid vertices lindicate
the limiting magnitudes of SDSS (17.77) and Hectospec j2@S8pec-
tively. The dashed and solid horizontal lines indicate tBead 50 per
cent completeness levels respectively. Ball &f al. (20@8&rdhine a value

of M} = —20.49 for their sample of galaxies, which corresponds to
r = 14.51, therefore as our sources lie around this value, we are not ob
serving the most massive and luminous galaxies.
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Figure 3. Luminosity functions at 70, 100 and 16@n for confirmed Coma
Cluster members, shown with blue triangles, green squaigseal circles
respectively.

L\ —L
¢(log L)dlog L = ¢*In 10 (F) exp (F) dlog L (2)

We use a maximum likelihood methad (Marshall et al. 1983)
to fit Schechter parameters to the data at each wavelengthene
dently, present the results in Table 1 and show these fitgjimes #
and®. A Schechter fit was chosen as the extra free paraméher in
fits used by Saunders et al. (1990) and Soifer ket al. (198W)tses
in the function being unable to converge on a singular sealies,
and produces non-physical results for our data.

These data were compared to field galaxy luminosity
functions from the literature. In the case of 70 and A0
there are parametrized luminosity function fits availakbient
the Spitzer Wide-area Infrared Extragalactic survey (SWIRE;
Patel et al. 2013) with an additional dataset aj:.60from IRAS
(Saunders et &l. 1990).

© 2012 RAS, MNRASOOQ,[1H8

Wavelength log ¢* log L* «a
dex! w
+0.26 +0.31 +0.27
70pum 1197925 3653703,  —1.1570:31
100pm 1077925 36.70%03)  —1.287020
+0.21 +0.25 +0.23
160pm 12870320 3642107 —1.021033

Table 1. The Schechter parameter values calculated for Coma Cluster
galaxies for the three Herschel bands.

The 100um data were compared to the @th binned data
presented by Serjeant ef al. (2004) and Sedgwick et al. [j2011
Due to the luminosity range covered by these data, and the con
sequent restriction and rebinning of our own data to matdimét
number of Coma members available for the comparison is egtiuc
to a level at which a¢? test loses any statistical power. Therefore
we fitted al Saunders etlal. (1990) function to the data predent
in [Serjeant et al.| (2004) using? minimization, excluding their
two lowest bins because they show an unreasonably steep drop
in space density that is inconsistent with the local L60lumi-
nosity function of Rowan-Robinson et al. (1987), even aotiog
for the quoted uncertainties. We then compared our dataigo th
parametrized function in the same manner as we have done at th
other wavelengths. We choose the Serjeantlet al. (2004)bdata
cause the data in Sedgwick et al. (2011) do not cover a surtigie
large luminosity range to properly constrain the functiamfit.

The Coma data and the various parametrized field luminosity
functions are plotted for comparison in Figutés 4 Bhd 5, tith
field galaxy fits having been scaled vertically to fit our datée
run Kolmogorov—Smirnov tests to compare the unbinned losyn
ity distributions of our cluster members with those preslicby
the functions fitted to the field luminosity functions aftecaunt-
ing for completeness. The numbers presented in Tdble 2 drew t
probabilities that our sample is drawn from the same paristri-d
bution as the field luminosity functions. The probabilitfes the
field comparisons were calculated assuming an effectivebeum
of objects using the equation shown below, whakg,:., is the
number of galaxies in the Coma Cluster aNg.14 is the number
of galaxies used to construct the field luminosity function.

NclusterNﬁeld

Nofp = —usterTheld__
& (Nclustcr + Nﬁcld)

©)

We find a high probability that Coma is drawn from the same
parent distribution as the field luminosity functions. Thimilar-
ity between the field and Coma luminosity functions is s@ipg.
One would expect the numerous stripping processes as expect
from both theoretical and observational studies, woulctlalarge
effect in the dense environment of the cluster. A recentystiiithe
Fornax Cluster by Fuller et al. (2014) finds a similar agresme
with the field using the PACS 100 and 166 bands, as well as
the SPIRE 250, 350 and 5@®n bands. Further analysis will be
required in order to provide an explanation for this redulta fu-
ture paper we will investigate the masses and morphologipak
of individual galaxies to look at any underlying reasons tfus
similarity.
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5.2 Reassessment of Virgo Data

Given the surprising consistency between Coma and the fiatd t
suggests the cluster environment has little effect on thimfeared
luminosity function, we reanalyse the data from the Virgosel
ter as a means of comparison. Davies et al. (2010) showedthe |
minosity functions that had been derived from the HeViCSdat
They showed that at all observed wavelengths there wasreade
of a turnover at lower luminosities. Further evidence of thvias
seen with the HeViCS catalogue of bright galaxies (Davied et
2012)) Auld et al.|[(2013) presented far-infrared fluxes dfaaly
selected Virgo cluster galaxies at 100 and 6@ We compare
these data to the equivalent data in the present study im tirds-
certain if Virgo still shows a turnover and for comparisortwioth
our Coma Cluster luminosity function and the relevant fielthgy
functions. We use the same Kolmogorov—Smirnov test method t

Wavelength ~ Field LF  Coma/Field Coma/Virgo  Virgo/Field
70um Patel 73
70um Saunders 78
100pm Serjeant 86 94 99
160um Patel 62 9 0.6

Table 2. The percentage results of Kolmogorov—Smirnov tests to evenp
the luminosity distribution of the luminosity functions 6bma, Virgo and
the field. The Saunders et al. (1990),80 luminosity function has been
converted to 7@m, and the_Serjeant etlal. (2004) & luminosity func-
tion to 100um assuming the SED of M82 (Silva et ial. 1998).

6 SUMMARY

Comp|ete these Comparisons. These two Wa\/e|ength bands wer We have presented the deepest far-infrared observatiafetemf

used as they are the only wavelengths common to both stiwlees.
follow the assumptions made lin Auld et al. (2013) that allgdgir
Cluster galaxies lie at one of three distances, 17, 23 or 32 Hpr
the purposes of this study, we use those Virgo sources whach |

the Coma Cluster of galaxies. The observations are useddoipe
far-infrared number counts within this area, and in comtma
with an optical redshift catalogue are used to derive fimaned
luminosity functions at the threderschelPACS wavelengths (70,

at 17 and 23 Mpc and have a measured flux greater than our noisel00 and 16G:m) for the Coma Cluster. These functions are com-

limit. This sample corresponds to that used by the latesti€8V
analysis|(Davies et gl. 2014). Analysis of the data showsttiea
inclusion of those sources at 32 Mpc, and the assumptiorathat
sources lie at 17 Mpc, have little effect on the results.

pared with both the field galaxy luminosity function and $ami
results from the HeViCS survey of the Virgo Cluster. We sex th
our Coma Cluster luminosity functions have shapes surpfigi
consistent with those of the field galaxies at the threerfhaied
wavelengths we probe. The Coma Cluster luminosity funciisn
matches well with the newly derived luminosity function tbe

The results of these tests are included in TRble 2. The HeViCS Virgo Cluster at 10¢:m, which no longer shows evidence of a

data are plotted alongside the present study in Figure Bgaldth

a Schechter function fit derived over the range of data iredud
within our comparison. For both Virgo and Coma, we find a clear
lack of a turnover at the faint end, in disagreement with thd-fi

faint-end turnover. The same consistency is not seen wétNitigo
Cluster at 16Q:m, but this cannot be easily explained. We note
that it is not due to our sample consisting only of the mostilum
nous galaxies, which would be unaffected by stripping, g2

ings of Davies et al (2010). We find a good agreement between shows that our sources lie around the valud.bffor the r-band.

the Coma and Virgo Clusters, as well as between the Virgat€@lus
and the field, at 10pm. At 160pm however we find no agreement
between Virgo and either the Coma Cluster or the field, whiith s

agree with each other reasonably well. We can provide ncaexpl

nation as to why there would be agreement for one wavelength

dataset, but not for the other. However, we note that thee is
steeper faint end slope present in the Virgo L60data, as can
be seen clearly in Figufd 5. This disagreement is espedialty
fusing when one considers that the Virgo Cluster is lesahsed

than the Coma Cluster, and thus might be expected to have prop

erties intermediate between those of the field and Coma.

Urban et al.[(2011) showed that the Virgo cluster hasoa
radius value of 1.08 Mpc or 3.9° at their adopted distance of
16.1 Mpc, corresponding to a value of 1.16 Mpc at our defined di
tance of 17.0 Mpc. Arnaud, Pointecouteau, & Pratt (2005)v&tab
that therygo radius value can be adopted as the virial radius for
Virgo, even though the cluster is not virialised. The HeVi@&Ser-
vations therefore cover an area out to over twice the vigdius.

In comparison the virial radius of the Coma Cluster is 2.9 Mpc
1.7° (Lokas & Mamon 2003), with our observations covering an
area out to approximately this distance. The Virgo obsamat
therefore cover a greater area outside of the core envinohrak
ative to the Coma observations. Future work will take thigda
into account by looking at subsets of the Virgo observatiand
comparing similar environments of the clusters.

Future work will look in detail at the dust properties andllate
masses of the detected Coma Cluster members to try to identif
mechanism or process that could result in such similaritwéen
the cluster and field environments.
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Figure 4. A comparison of the Coma and Field jzth luminosity func-
tion. The Coma data are presented as green circles. The lgreeshows
the Schechter function for the Coma data ap#if using the parameters
presented in Tablgl 1. The blue dashed line shows the lunyniosiction
derived from field galaxies at om as taken from _Saunders et al. (1990)
and converted to 70m assuming an M82-like SED. The red dotted line
shows the luminosity function as presented by Patellet @L¥P, who use
the functional form of Saunders et al. (1990).
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