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ABSTRACT

We investigate the ultraviolet and optical properties andirenment of low redshift
galaxies detected in thiderschelAstrophysical Terahertz Large Area Survey (H-ATLAS)
science demonstration data. We use the Sloan Digital Skye$wseventh release and the
Galaxy And Mass Assembly database to select galaxiesyith < 19.0 mag in the redshift
range0.02 < z < 0.2 and look for their submillimeter counterparts in H-ATLASuQresults
show that at low redshift, H-ATLAS detects mainly blue/diaming galaxies with a minor
contribution from red systems which are highly obscured bgtdin addition we find that
the colour of a galaxy rather than the local density of itsimment determines whether it
is detectable by H-ATLAS. The average dust temperature laigses that are simultaneously
detected bv both PACS and SPIRPIs+ 4 K. indenendent of environment. This analvsis


http://arxiv.org/abs/1106.6195v1

2 A. Dariush

1 INTRODUCTION

The wide range of observed physical characteristics ofxgala
ies is indicative of a large variance in galaxy formation-his
tory. Observations show that the environment of a galaxysla
an important role in shaping its observed properties. Deess
(1980) showed that galaxy morphology is a strong function of

pleteness will be guaranteed only up to the redshift of theVi@A
surve(e.g.z < 0.2; Driver et al.l 2010). So detailed statistical
analysis will mainly be possible in the local universe. Hiere it
is crucial to understand what kind of nearby galaxies arediet!
by H-ATLAS to provide a useful characterization of the FIRpr
erties of local galaxies. In addition, we are also going tarah-
terize the relationship between the nature and environofesib-

galaxy density and numerous studies since then have demon'millimeter sources detected in H-ATLAS. So by concentigiim

strated the dependence of galaxy properties on local enviro
ment (Lewis et al. 2002; Gomez etlal. 2003; Balogh &t al. Z(n4a
Blanton et al.| 2005| Park etlal. 2007; _O’Mill, Padilla & Laniba

2008; Ball, Loveday & Brunner 2008; Lee eflal. 2010).

Results from large sky surveys such as the Sloan Digital Sky
Survey (SDSS) have revealed that the distribution of gatakyurs
is bimodal, i.e., the so called ‘blue cloud’ versus the ‘reduence’
(Strateva et al. 2001; Baldry etal. 2004). The relative nerslpf
blue and red galaxies at a fixed luminosity are observed tp var
strongly with local density, with blue and red galaxies q@d
nantly populating low and high density environments, retipely
(e.g/Balogh et al. 2004b; Ball, Loveday & Brunher 2008). e
jor factors that influence the observed colour of a galaxytargar
formation history (SFH), the amount of dust attenuatiol, ietal-
licity (Johnson et al. 2006, 2007). The vast majority of gada in
the blue cloud are actively forming stars while the red sagae
consists mainly of early-type passive galaxies (i.e., mgittle or
no current star formation) with additional minor contriiouis from
heavily obscured star-forming galaxies or edge-on systems

Analyses of the dust attenuation in star-forming galaxigs s
gest that in comparison to quiescent systems, star-forralng
jects are heavily affected by internal dust extinction (\&fyelt al.
2007; Johnson et 2l. 2007; Driver etlal. 2007; Cortesel 0882
Tojeiro et al.| 2009). In such galaxies, UV radiation heatstdu
grains which then re-radiate at far-infrared (FIR) wavegtés.
However, thermally emitting dust detected by, for exam{RAS
(at 25 — 100pm) can often only constitute a small fraction of a
galaxy’s total dust mass. Results from the SCUBA Local Ursige
Galaxy Survey [(Dunne & Eales 2001; Vlahakis, Dunne & Eales
2005), as well as those of the sample of the Virgo clusteratiid
Popescu et all (2002) and Tuffs et al. (2002), using the ISOPH
instrument on board thimfrared Space ObservatorySO), show
that there is a population of galaxies containing much lapge-
portions of cold dust that radiates at 100 pm in submillime-
ter bands. As such, submillimeter observations providaluable
information for estimating the total dust content of theatagies
which in turn helps us to understand relationships with ogia¢axy
properties. For instance, although we know there is a cle@iah
between the optical properties of galaxies on the red seguand
those in the blue cloud, we do not know if this is reflected irth
submillimeter properties.

sources at low redshifts, we are able to have a better estimatt
the galaxy projected density since such measurements leediém
ficult at higher redshifts due to a decrease in the obserweitinig
luminosity of galaxies with spectroscopic redshifts. Alsearby
sources can be spatially resolved far more easily (e.g.blessl-
ing), so that we can see where the submillimeter emissioans c
ing from, unlike for sources at high redshifts.

The submillimeter data analysed in this study were acquired
during Herschek Science Demonstration Phase (SDP) and cover
an area ok~ 14.5 ded. Three main advantages Herschelover
previous infrared observatories are its broad wavelengtige,
high sensitivity and high angular resolution. The wavethngnge
in particular encompasses the peak of the far-IR/submétiénpart
of the spectral energy distribution for low redshift gakscthus al-
lowing accurate measurements of total dust mass. In contthsr
submillimeter surveys such as those conducted byBakoon-
borne Large-Aperture Submillimeter TelescdB&AST with ob-
servations at 250m, 35Qum, and 50Qm, have lower angular res-
olution and do not cover more than20 ded of the extragalactic
sky (Pascale et al. 2008; Devlin etlal. 2009).

The layout of this paper is as follows. K2, we provide a
summary of our submillimeter sample selection, opticaltphmet-
ric and spectroscopic observations from the SDSS/GAMA&gY
and UV observations from GAMAALEX survey ((Seibert et al.
2010). A summary of the parameters estimated from our data is
given in§3. Our final results and concluding remarks are given in
84.

2 DATA

We will use the SDSS DR7 (Abazajian etlal. 2009) together with
the Galaxy And Mass Assembly redshift survey (GAMA survey;
Driver et al. 2010) to compile an optically selected samplow-
redshift galaxies, and from there, look at the optical prtpe of
those sources detected bBierschel Here, we summarize the data
in each survey and describe our sample selection.

2.1 Optical/UV data

Optical sources used in this paper were initially taken fribma

In the present study, we use submillimeter data acquired by SDSS DR7(Abazajian etal. 2009). Our aim is to have an op-

the Herschel Space Observatory as a part of tHerschel As-
trophysical Terahertz Large Area Survey (H-ATLAS; Ealealet
2010). The H-ATLAS survey is an open-time programme to sur-
vey ~600 deg of the extragalactic sky over the wavelength range
110-500 pm using the Photodetector Array Camera and Spec-
trometer (PACS; Poglitsch etlal. 2006) and Spectral anddphet:

ric Imaging REceiver (SPIRE; Griffin et al. 2010). H-ATLASsal
covers the largest area in a blind extragalactic survey Meéttschel
One of the aim if to provide the FIR equivalent for the SDSS and
2dFGRS (Two-degree Field Galaxy Redshift Survey; Colléss e
2001) surveys is to characterize the properties of neartaxigs.
Also, for all regions covered by H-ATLAS, spectroscopic éom

tically selected sample of galaxies with the criteriorg2 <

z < 0.2. To do this, all SDSS sources from tHBALAXY
table were selected and their positions were cross-matched
within 0.5 arcsec with objects from the GAMA survey in or-
der to extract their spectroscopic redshifts as well asuwslo
The GAMA survey is based on data from SDSS DR6 and
UKIDSS-LAS DR4 and consists of three equatorial regionsewm
GAMA-09h, GAMA-12h, and GAMA-15h. The field observed
by Hersche] coincides with the GAMA-09h equatorial region

1A detailed description of the GAMA survey is given in $ed2.1
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(Ra = 129.0, 141.0 deg; Dec = —1.0, +3.0 deg) where its spec-
troscopic survey is complete up to Petrosian magnitudg, 19.4
(Robotham et al. 2010). Moreover, the GAMA data contains
band defined aperture matched photometry in FUV/NUV (far-
ultraviolet/near-ultraviolet) frorALEXand inugriz optical bands
from SDSS [(Hilletal. 2011). We only select objects with the
GAMA spectroscopic redshift quality paramet@r> 3, which ap-
proves their inclusion in scientific analysis (Driver et2010). In
our optical samplex-1.4 per cent of sources with02 < z < 0.2
have@ < 3.

We find a total of~ 3370 galaxies in the redshift range02 <
z < 0.2 within ~12.5 ded of our ~14.5 deg SDP field. The

coverage is not complete, because the GAMA data goes down to

Dec = —1.0 deg. In addition to optical fluxes, NUV magnitudes
were available for~ 2680 galaxies|(Seibert et al. 2010; Hill et al.
2011). All magnitudes are corrected for Galactic extinttio

2.2 Submillimeter data

PACS and SPIRE submillimeter fluxes, we apply the same iiliab
ity cut as suggested by Smith ef al. (2010), Rel i ability>
0.8 which guarantees that we ared3 per cent { 83 per cent)
complete in the redshift range02 < z < 0.1 (0.1 < z < 0.2).
As such, throughout this paper, we refer to a 'detected sdare
an SDSS galaxy with & 5.00 submillimeter counterpart that
hasRel i abi | i ty> 0.8. Accordingly, we detect 496 galaxies
at 25Qum of which 482 ¢ 97.2 per cent) have associated NUV
fluxes. Thus in 14 galaxies{(2.8 per cent) with submillimeter de-
tections we found no UV counterpart, but this will not aff¢ie
main results of the paper.

3 ANALYSIS
3.1 Summary of source detection

The first step of our analysis is to determine the rate of sodes
tection in H-ATLAS as a function of galaxy-band magnitude. The
r-band magnitude is useful since it can be used as a starting po

The H-ATLAS SDP data were acquired in November 2009 using in sample selection for other extragalactic studies of ledshift

Herschek parallel/fast scan mode, scanning at 60 arcséc b
this mode, mapping by PACS at 100 and 16@ and SPIRE at
250, 350, and 5Q0m were carried out simultaneously. The SDP
data covers an area of 4.0 degx 3.6 deg centered ofw, §) ~

(09"05™, +0°30").

A complete description of the data reduction and noise anal-

galaxies using thélerschelsubmillimeter data. To do so, for all
galaxies, we plofu — r) vs. Petrosian magnitude, _, _ corrected
for Galactic extinctiofff.

As Fig.d shows, the overall distribution of galaxies (granc
tour lines) inu — r colour is bimodal, showing blue cloud and
red sequence galaxies. The overlaid data points represda-g

etro

ysis of PACS and SPIRE data are giveri_in lbar etlal. (2010) and ies with submillimeter detections made by SPIRE (left ppasll

Pascale et all (2010), respectively. Observed time-lirta dfam
both instruments were processed by usingHleeschellnteractive
Processing Environment (HIPE) using custom reductionptgri
Thermal drift in bolometer arrays was corrected by applhigh-
pass filtering. The naive map-making method of HIPE was used t
project the two cross-scan timeline observations.

The estimated point spread functions (PSFs) of the final maps

have full width at half maximum (FWHM) values of 8.7, 13.1,18
25.2, and 36.6 arcsec at 100, 160, 250, 350 and/b80respec-
tively. The estimated 4 noise levels at 100, 160, 250, 350, and

PACS (right panel). Horizontal and vertical histograms acle
panel show the distribution of data points correspondininti>
vidual SPIRE/PACS bands along the magnitude and colour, axes
respectively.

Fig.[ shows that the majority of galaxies with submillime-
ter detections are located in the blue cloud, with histograh
their colour peak around — ra1.4 without substantial red tails.
Thus, within the redshift slice of the current sample of geds, the
survey on the whole is mapping the blue sequence. Furthermor
a comparison between histograms at 268 and those in other

500um are 25-30, 33-48, 6.6 , 7.6, and 9.0 mJy/beam, respectively SP'RE/PACS bands show that the SPIRE 2 band is by far

(Ibar et al! 2010; Rigby et &l. 2010).

Sources were extracted using the 260 map as described in
Rigby et al. [(2010). The typical positional error fopd o source
is 2.5 arcsec or less. For each 25t source, corresponding 350

and 500um flux densities were measured by using the noise-

weighted/beam-convolved 350 and 50& maps at the source po-
sition determined from the 250m map. Fluxes at 100 and 160
wm were estimated by matching each 25@ source to the nearest
PACS sources within a radius of 10 arcsec.

2.2.1 The submillimeter source catalogue

The H-ATLAS standard source catalogue of Rigby et al. (2040)
supplemented with cross-identification information fronPANFA

and SDSS DR?7 surveys as described_in_Smithlet al. (2010). A

likelihood-ratio analysis | (Sutherland & Saunders 1992)pes-
formed by Smith et al. (2010) to match 25@ sources to SDSS
DR7 sources brighter thars22.4 mag. The probability that an op-
tical source is in fact associated with the submillimetarse has
been used to define theel i abi | i t y parameter. According to
Smith et al.|(2010), objects witRel i abi | i t y> 0.8 are consid-
ered to be true matches to submillimeter sources.

While we use the SDSS galaxy IDs to obtain the H-ATLAS

the most sensitive, since the estimated rate of detectiensigher
at 25Qum compared to other submillimeter bands. This is due to
the higher sensitivity of SPIRE over PACS as well as the highe
resolution of the 250m map. With this in mind, in the analysis
that follows, we only consider sources with 2bth detections.

The quantities plotted in Fif] 1 are also shown in Eig. 2, but a
a function of absolute-band magnitudé/, and for sources with
250 um detections. 'Left’ and ’right’ panels correspond to redishi
bins0.02 < z < 0.1and0.1 < z < 0.2, respectively. The absolute
magnitudeM.. is given by

D
M, =1y, — kn — 5log (10;:) ,

where Dy, is the luminosity distance, ankl. is the k-correction
using the method of Chilingarian, Melchior & Zolotukhin (A1).

@)

2 The SDSS Petrosian magnitude is a modified form of|the Patrosi
(1976) system in which galaxy fluxes are measured within@ulgr aper-
ture Rp (Petrosian radius) such that the ratio of the local surfaigghiness

in an annulus aRp to the mean surface brightness withite, is equal

to some constant value. Alternatively we can use the SDSSeMudgni-
tuder,, 4., though it does not change the results since from a sample of
10000 galaxies within the magnitude/redshift range of ame we find
+0.07.

Tpetro ~ "Model
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The adopted cosmology to estimaf#, is a flat Universe with
the matter density paramete&n;=0.3 and cosmological constant
Q=0.7, with Hy=70 km s* Mpc~'. The ’horizontal green his-
tograms’ in Fig[®2 show that the rate of detections of gakiie
ther-band become incomplete for sources with > —21.0 mag
and M, > —21.5 mag in the redshift bin§.02 < z < 0.1 and
0.1 < 2z < 0.2, respectively with almost double the number of
detections in the higher redshift slice. Thus in the lowsteft Uni-
verse and within the current depth of H-ATLAS, most of ther-
scheldetections in the--band consist of more luminous galaxies
(and therefore those with larger stellar masses) which faver
values ofu — r.

In order to analyze our sample in more detail, we divide
galaxies into two populations by applying a cut on their r
colour indices. To find an optimum colour cut, a double-Geuss
function is fitted to the histogram for colour of all galaxiesth
Tperre < 19.0 mag. The combined function has a minimum around
u — r = 2.2 mag. As such, from here on, unless otherwise stated,
we refer to sources with — r < 2.2 mag andu — r > 2.2 mag as
blueandred objects, respectively.

In Fig.[3 we examine the differential fraction of detectiais
galaxies at 250m as a function of--band magnitude. We do this
using+/n counting errorss is the number of detected sources in
each magnitude bin) for all optical sources (black histogras
well as blue (blue dashed histogram) and red (red dashetlbise
togram) galaxies. The results, as presented in[Fig. 3, shat\(i)

In general> 50 per cent of SDSS galaxies witf_, . < 17.0 mag
have 25@:m counterparts in H-ATLAS. (ii) The submillimeter de-
tection rate falls off rapidly as one moves toward faintdags.
This is mainly due to a decrease in the observed signalisena-
tio toward fainter galaxies. (iii) In each bin efband magnitude
and forr,.,.. < 18.0 mag, the detection fraction i8 4 times
higher for 'blue’ galaxies when compared to the ‘red’ popiola,
indicating that the vast majority of detected sources aue lob-
jects. Although such blue sources are in general star-fayigalax-
ies, it does not mean that 250\ red detected objects are passive
galaxies. We will discuss the properties of such sourceseitr S
tion[3.3.

Finally in Table[1 we present the total percentage of s@urce
detected by H-ATLAS in samples of SDSS galaxies with differ-
ing limiting magnitudes. Samples of SDSS galaxies in theséc
column include galaxies with all colour indices, while thos the
third and fourth columns contain blue and red objects, respsdy.

3.2 Environment of detected sources

Our results ing3.1 show that submillimeter detected sources are
preferentially blue sequence galaxies. Thus, since blgaesee
galaxies are much more frequent in low density environmems
expect to find a lower detection rate in group/cluster emrirents
than in the field.

To explore the environmental density of submillimeter de-
tected galaxies, we consider the projected surface debaisgd on
counting the number of nearest neighbours, i.e. the denityn
the distance to the Nth nearest neighbour. Although this2®a
estimate, the redshift information of each galaxy is usegmeove
the background and foreground sources. The environmeenaity
>~ around each galaxy detected at 250is determined from the
following relation:

En (Mpe™?) @)

2 7
mdy,

where dy is the projected comoving distance to thEg'®
nearest neighbour that is within the allowed redshift range
+A2c=1000 km s* (Balogh et al. 2004a; Baldry etlal. 2006). We
set N = 5 in our analysis. The neighbouring galaxies are those
with spectroscopic redshifts anl,, < M, ..., — Q(z — 20),
where Q=1.6 is the evolution of the galaxy-band luminosity
relative tozo = 0.1, determined by Blanton etlal. (2003). Hori-
zontal histograms (grey thick lines) in the ’left’ and 'riglpan-

els of Fig.[2 show that galaxy counts become incomplete fer th
M, 2 —19.0 mag range i0.02 < z < 0.1 and M, >-20.5 mag

if 0.1 < z < 0.2. Thus the parameters\{_ ,;,...,z0) were set to
(—20.5,0.1).

The rate of detection of the H-ATLAS sources as a function
of the density parametéts is plotted in panel 'a’ of Fig_ 4. Error
bars are Poisson errors on the mean. Detection rates havebee
timated for galaxies withr,,., < 17.0 mag, since galaxies with
larger r-band magnitudes are not systematically detected due to
their low signal-to-noise ratios. In other words, the miyoof
fainter galaxies are not detected in H-ATLAS, irrespectf¢heir
environments.

Itis evident that the fraction of detected sources in lowsily
environments is larger by a factor of two in comparison tortite
of detection in high-density environments. This is expeéctence
the majority of detected objects in H-ATLAS are blue galaxie
that preferentially populate the low-density regions. ksgemain
more or less the same if we ush or X instead ofYs, showing
that the dependence of the detection rate on environmeenasitg
is not sensitive to the choice of in Eq.[2. To obtain a better under-
standing of the type of detected objects that populate relivkneor
high density environments, we plot the rate of detectionadfxr
ies as a function of-,_,, for sources with different colours and
densities in Fig. ¥4 (see panels b’ and 'c’).

The estimated projected density ranges fre0 to 2.0 on
a logarithmic scale. We therefore define the threshold batiawv
and high density environments kfg X5 ~ 0. As such, in pan-
els 'b’ and 'c’ of Fig.[4, black histograms correspond to sms
in low density environments withog(Zs/Mpc?) < 0 while red
dashed histograms refer to the fraction of detected gadamikigh
density regions, i.e].og(25/Mp62) > 0. In addition, sources in
panel 'b’ have index: — r < 2.2 mag (e.g. blue objects) and the
colour of those in panel 'c’ iss — » > 2.2 mag (e.g. red objects).
Although the number of blue galaxies is smaller in high-dgme-
gions, panel 'b’ shows that the rate of detection remainstme
in either environment. The situation is similar for the redaxies,
although the overall rate of detection of red objects is mamhller
than for blue ones.

3.3 Natureof RED 250um sources

We have already seen that the majority 80 per cent) of galax-
ies detected in H-ATLAS at low redshift are blue galaxieslehi
the rest~ 20 per cent are red. However, such a fraction on red de-
tected sources is an upper limit since many of these galaxigist
have traces of recent star formation activities which israfiected

in their opticalu — r colour. In fact, UV-optical colours are more
robust in classifying galaxies into blue/red categoriesampari-
son to optical colours since they are more sensitive to testan-
formation activity (e.gl._Schawinski etlal. 2007; Cortese 8dHes
2009). The reason that we did not use UV-optical colour in%Béc

is that for~ 20 per cent of SDSS galaxies in the main sample, UV
fluxes were not available from GAMA (see Sec.2.1). Thesexgala
ies (e.g. those without UV counterpart) are basically favhile
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Colour of data-points/histograms represent: 'green’ alagies; 'black’ sources with SPIRE 2h6 detections.
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Figure 3. Histograms of the fraction of detected galaxies as a fundaiior-band magnitude. The black histogram includes all galaxigsle the two other
histograms represent the detection rate of blue (blue dasBtogramu — r <2.2) and red (red dash-dotted histogram:- r >2.2) sources, respectively.

Table 1. The total fraction of sources detected by H-ATLAS among SDB&&xies to differing limiting magnitudes, as shown in thistfcolumn. Samples of
SDSS galaxies in the second column include galaxies witto#dlur indices, while those of third and forth columns camtalue and red objects, respectively.

sample limiting magnitude Total fraction detected (petcen
all colours blue ¢ — r < 2.2 mag) red¢ — r > 2.2 mag)

Tporro < 16.0 mag 53+8 97 +18 2748

Tpero < 17.0 mag 42+4 547 1743

Tporro < 18.0 mag 29 +2 4743 1142

Thetro < 19.0 mag 171 23£2 9+1
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Figure 4. (a) The fraction of SDSS galaxies detected in H-ATLAS as a fumctif galaxy local density_s estimated using E@J Zb) Histograms of the
fraction of detected bluey— r <2.2 mag) galaxies as a functioneband magnitude. 'The red dashed histogram’ includes @alam high density regions
(log(25/Mpc?) > 0) and 'the black histogram’ includes those in low densityioag (og(XZ5/Mpc?) < 0). (c) Same as in 'b’ but for red(—r >2.2 mag)
galaxies.



H-ATLAS: The environment of low red shift galaxiess

20 100 ¢
all galaxies F b
i a W77 250 um detections C .
B *
L *,
= 15F
S J—L = 10 X
O i 3 3 ¥
5 s '
— B *
o - B »
g 10 Z b,
C — g B
'-g i 3 1 .\
|- *
9 > F Y,
qt 5 — —>| : .0 L
L i . Detection in 250um
¢ Detection in all SPIRE bands
0 ; 7 / i ’ i / i ’ : 7 ] ; 01 1 | 1 | 1 | 1 | 1 | 1 | 1

NUV-r

0 1 2 3 4 5 6 7
NUV-r

Figure 5. (a) NUV —r colour distributions for all the SDSS galaxies (black higtom) with available UV fluxes as well as those detected inu2s@green-
shaded histogran{p)The NUV—r vs.v Laso/v Lyyvy for galaxies with 25pm detections (green triangles). Overlaid (black diamonds)palaxies detected

in all SPIRE bands.

their optical colour distribution peaks around-r ~ 2.5. Soin or-
der to avoid any biases in analyzing the fraction of sourt¢eatien

in previous sections, we were restricted to use the SDS$abpti
colours. Fortunately, NUV fluxes are available fgr98 per cent
of detected sources in 2pth which enable us to investigate the
spectral properties of galaxies with 256@ detections from their
UV-optical colours.

Thus in Fig[5a, the NUV-r colour distributions for all the
SDSS galaxies with available UV fluxes (black histogram) af w
as those detected in 26t (green-shaded histogram) are shown.
The black histogram in Fifl] 5a shows a bimodality with a mimim
around NUV-r =~ 4.5 mag found from fitting a double-Gaussian
function to it. In addition,~ 95 per cent of detected sources have
NUV—r < 4.5 mag (i.e., blue in UV-optical colour) and just a
small population of detected sources have NLAV> 4.5 mag (i.e.,
red in UV-optical colour).

It is therefore interesting to know whether such red objects
(i.e., NUV—r > 4.5 mag) are obscured star-forming systems or
whether they are a population of quiescent/passive galaXis
such, for all detected galaxies, a UV-optical vs. infraretbar-
colour diagram is plotted in Fif] 5b, where green triangsre-
sent sources detected at 250 and highlighted data points (black
diamonds) represent those H-ATLAS sources detected imraét
SPIRE bands. Not surprisingly, the plot shows a correlakien
tween NUV—r and v Laso/vLnuv, With red galaxies having a
higher v Laso/v Lyuvy ratio than blue systems. A similar relation
was found by Johnson etlal. (2007) between the total faadiaf-
to-near-ultraviolet luminosity ratiol{rir/Lxuv) and NUV—r for
a sample of local galaxies selected from SDSS.

By combining this relation with the library of infrared spec
tral energy distributions of Chary & Elbaz (2001), we caneist-
gate the real nature of the H-ATLAS sources with NU¥ >4.5.

According tol Chary & Elbaz (2001), theL2so/LTir luminosity
ratio varies in the range-4-65. Even assuming the lowest pos-
sible value (i.e.,~4), this implies aLrr/Lnuv ratio ~6-250
for our red galaxies and we can use this value to estimate thei
NUV dust attenuationA(NUV). If we adopt the typical rela-
tion betweenLrir/Lyuv and A(NUV') for star-forming objects
(e.g!Buat et &l. 2005), we find(NUV') ~1-4 mag. Interestingly,
even using the relations betweénr/Lxuv and A(NUV) pre-
sented by Cortese etlal. (2008) which take into account tagrige
of dust coming from evolved stellar populations, we stiltaib
ANUV) >0.2-1.8.

Thus, this simple exercise shows that not surprisinglyyés
majority (=90 per cent) of the red objects detected by H-ATLAS
in our sample have 'corrected’ NUVr colour lower than 4.5 mag,
i.e., they are red not because they are old/passive but yrianl
cause they are obscured by dust. Of course, the presenceifeve
low in fraction) of a population of 'truly passive’ systems the
H-ATLAS survey is a very intriguing possibility and might e
important implications for our understanding of dust pmies in
galaxies. A detailed search for FIR emitting 'passive’ eys$ and
a discussion of their properties will be presented in a ftuork
(Rowlands et al. 2011).

3.4 Variation of temperaturewith density

Our findings in Sectioh 3l2 show that, irrespective of thairnen-
ments, the rate of detection of submillimeter sources restdie

3 These values have been obtained by using the most extreraedisas
cussed by Cortese et al. (2008), ire< 2.8, and they are thus lower limits
to the real values for our sample.
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same in either high or low density regions. Therefore it miggin-
teresting to test whether the submillimeter propertieg.(eolours
and dust temperature) of detected sources in H-ATLAS cateel
with the environment.

Out of 71 galaxies with> 30 detections in all SPIRE bands,
38 have associated>(30) PACS detections. To estimate the dust
temperature of these 38 galaxies, we fit the submillimetetqgrh-
etry with a single component modified black-body SED over the
wavelength range 100-506h. The equation for a single compo-
nent black body is given by

Ry
MB,
D

F, = (T). 3
Here M is the dust masd is the dust temperaturd, (T') is the
Planck function,Dy, is the luminosity distance to the galaxy, and
K, is the dust emissivity. The dust emissivity is assumed to be a
power law in this spectral range, whetg « »*. As we are not
constraining dust masses, an absolute valueisfnot needed. We
assume3 = 1.5, though we note that the value is notoriously un-
certain.

The uncertainties in the flux densities adopted from the-stan
dard H-ATLAS catalogue (e.g. Rigby et/al. 2010) include tba-c
tribution from instrumental and confusion noise only. Thnesadd

the calibration errors of 10-20 per cent in the 100+k60PACS

while green dotted lines indicate the standard deviatidis flesult
fairly agrees with the rest-frame dust temperatures medsior a
sample of the H-ATLAS galaxies studied|in Dye at al. (20103 an
Amblard et al. [(2010) as well as those of the sample of BLAST
sources determined by Dye at al. (2009). We note that thataens
in panel 'b’ of Fig.[6 span values typical of field galaxies quubr
groups, whereas we are not able to trace very high densitsoerv
ments, such as compact groups or clusters of galaxies.

From inspection of Fid.l6b, it appears that the dust tempera-
ture does not show any systematic variation with the locakitye
of either low mass or high mass galaxies. Further checksdo se
whether there is any correlation between either dust tembyner or
35 with other parameters such as galaxy redshift, physical aizd
luminosity reveal none.

Interestingly, Fig.b shows the presence of six outliersrked
as 'A to 'F’) characterized by dust temperaturds & 32 + 2 K)
significantly higher than the values typically observedha test
of our sample. SDSS images (see Fiy. 7) reveal the presence of
diffuse tidal stellar features associated with at leageiA, C and
F) of the six outliers in Fig]6. These are the only galaxiesun
sample of 38 objects with obvious signatures of tidal disince,
suggesting that the dust temperature has recently beemaatha
via gravitational interaction.

bands and 15 per cent in all SPIRE bands in quadrature to those

given in the H-ATLAS catalogue. The best-fit solution is fduoy
minimizing the chi-squaredyf) function, yielding an average un-
certainty in the fitting of+1.8 K for temperature. The average re-
ducedy? value for all the fits is 0.7, with a standard deviation of
0.6. We find that the data in the 100-5%0Q0 range are accurately
fitted by a single black-body component.

Fig.[Ba shows that the submillimeter colafiroo/Ss00 cor-
relates with the dust temperature. Such a correlation atstse
between the dust temperature and other submillimeter cateu
dices, e.9.5160/5350, S250/S500, €tC. However, not surprisingly,
the relation between th8100/S500 flux ratio and temperature is
the strongest one. The estimated Spearman correlatioficieef
in panel 'a’ isRs = 0.96 and the best-fit linear regression to the
data points (black dashed line) suggests the followingiceldor
the dust temperature:

T(K) = 0.51(£0.02) x S100/S500 +19.5(£0.3).  (4)

A plot of the estimated dust temperature as a function of the
density parameteXs for all galaxies in our sample is presented in
panel ’b’ of Fig[6. Galaxies are divided into two subsamilased
on their stellar mass content with circles and squares sporeling
to sources with lowd.5 < log(M./h™?My) < 10.5) and high
(10.5 < log(M./h™2Mg) < 11.5) stellar masses, respectively.
Galaxy stellar massed/.., have been computed in units of solar
mass from the relationship given by Yang et al. (2007) as¥all

log(M./h™>Mg) = —0.406 + 1.097(g — r)
—0.4(M, — 5logh — 4.64),

©)

using the(g — r) colour and wheré/.. is ther-band absolute mag-
nitude corrected for extinction and redshift. The greerhdddine
shows the mean temperature of the whole sample:(25 +4 K)ﬁ,

4 The estimated mean temperaturéli§cq, ~ 22 + 4 K in the case of
B = 2.0. In fact our data show a strong correlatioRg = 0.99) between
the estimated temperatures based on either valugsoth thatlz_, ¢ =
0.78(£0.01) x Tg—=1.5 + 2.1(£0.2).

4 CONCLUSIONS

This study presents a variety of statistics basedHenschelob-
servations acquired during the H-ATLAS Science Demorisinat
Phase. We started with a sample of SDSS-GAMA galaxies at low
redshift 0.02 < z < 0.2) and then characterized the properties of
the matched submillimeter sources detected in the H-ATLWS s
vey from their colours. Our results can be summarized asvisi

o At least~ 50 per cent of all SDSS galaxies with,,., <

17.0 mag are detectable in H-ATLAS. In addition, the vast majorit
of detected sources in H-ATLAS are blue/star-forming otsjethe
majority of undetected faint/blue sources with, > 17.0 mag
remain undetected due to their lower signal-to-noise. Byguthe
NUV —r index as a proxy for galaxy colour, we detect a small frac-
tion (~ 5 per cent) of red objects (NUVr > 4.5 mag) which are
mainly galaxies with a higher level of dust attenuation. Aststhe
red sequence population which is dominated by less-dusstgiye
objects, do not seem to have a significant contribution tootine
served submillimeter emission in red objects.

e The rate of detection of galaxies decreases froi#0 per cent
to 30 per cent as one moves from low density to high density re-
gions. This is due to the fact that low density regions areenpoip-
ulated by blue/dusty objects. However the detection rabéusi/red
galaxies remains constant in either low or high density renvi
ments. In other words the colour of an object rather tharoitall
density determines whether it is detectable in H-ATLAS.

e The estimated dust temperature in galaxies with detections
all SPIRE bands angt 30 detections in PACS bands2$ +4 K,
regardless of the environment. However, we show that grtort-
ally perturbed systems have temperatures significantlyenithan
the rest of our sample.

The next crucial step is to extend our analysis to a widereang
of galaxy densities/stellar-masses to see how far the @amvient
of galaxies could affect their observed submillimeter gries.
While Herschelobservations of the Virgo cluster are starting to
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Figure6. (a) Dust temperature vs. submillimeter coldtifoo / Ss00- The dashed line shows the linear regression fit as desdribEd [4.(b) Dust temperature
as a function of the local density of galaxiés;, for sources with> 3o detections in SPIRE/PACS bands. The green dashed linséatsrthe y-axis at the

mean temperature of the whole samglé £ 25 K) while green dotted lines represent the standard dewaifdhe mean temperature. Circles and squares
represent galaxies with lov@( < log(M./h~2Mg) < 10.5) and high (0.5 < log(M./h~2Mg) < 11.5) stellar mass, respectively. The SDSS images
of objects marked as 'A' to 'F’ (with 'A’ having the maximumneperature) are shown in Fig. 7.
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Figure 7. SDSS postage stamp images in thband {0 x 70 arcseé) of galaxies corresponding to the marked data points in[Bigmages are sorted
(left-to-right) according to the estimated dust tempemtiihe SDSS optical major isophotal diameter instHeand (e.gi soA- r ) has been used to measure
the optical linear diameter of each galaks in units of kpc as indicated on each panel.

reveal how the environment can affect the dust propertiedust ACKNOWLEDGMENTS
ter galaxies|(Cortese etlal. 2010), only a wide-area surkeyH-
ATLAS will make it possible to unveil the effects of nurturerass

the whole range of densities (from voids to the cores of ehs3t
Thus, once completed, the H-ATLAS survey together with data
from the GAMA survey will offer a unique data set, spanningnfir

the UV to the submm, with which to investigate the star foiorat
history of galaxies over a large range of galaxy densitielzs-
masses. At the same time, properties such as dust temgeaaidr
dust-mass/stellar-mass of galaxies can be explored ascéidnn

of environment using PACS/SPIRE submillimeter fluxes. Wiis
enable us to further investigate the correlation betweanfestma-
tion history and dust properties of galaxies as a functiostelfar
mass and local density.
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