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These fractions relate to the subset of galaxies detected in the
three WISE bands plotted. An alternative classification was pro-
posed by Messias et al. (2012) based on the K − [4.5] and [4.5] −
[8.0] colours from Spitzer/IRAC photometry, providing a cleaner
separation of AGN and star-formation-dominated SEDs at a wide
range of redshifts. For the GAMA/H-ATLAS sample, which is pre-
dominantly at redshifts z < 0.5, a single colour cut of K − [4.6] >

0.2 should be sufficient to separate SEDs dominated by AGN emis-
sion at 4.6 μm (see fig. 3 of Messias et al. 2012). This cut selects
2.7 per cent of H-ATLAS galaxies detected in K and W2, compared
with 1.9 per cent of GAMA galaxies. Taking into account upper lim-
its in W2, these fractions become 2.7 ± 0.1 per cent for H-ATLAS
IDs, and 0.193 ± 0.003 per cent of GAMA galaxies detected in K
(errors represent Poisson counting errors only).

In summary, for the subset of objects detected by WISE, the frac-
tion of mid-IR bright AGN in GAMA and H-ATLAS galaxies is
similar, but after removing the WISE detection requirement, there
is a slightly raised fraction of AGN in H-ATLAS. This may be in-
terpreted in terms of a link between AGN activity and FIR emission
(from star formation or otherwise) but we leave further discussion
for dedicated papers.

6.3 Integrated IR luminosities and obscuration of star
formation

We estimated total IR luminosities from the PACS and SPIRE fluxes
(100–500 μm) by fitting a single modified blackbody with fixed
β = 1.82 (Smith et al. 2013), with temperature and normaliza-
tion as free parameters, and integrating the model in the range
8–1000 μm. This model does not account for the warm dust emit-
ting at λ � 100 μm, and so will underestimate the total luminosity.
A better estimate would be obtained by modelling an additional
power-law component in the SED at short wavelengths, which can
be constrained by including the WISE 22 μm flux (Casey 2012).
However, only 14 per cent of our sample are detected at 22 μm,
and 9 per cent at 100 μm, so this cannot be constrained for most of
the sample. We therefore adopted a single modified blackbody fit
to obtain LIR, but applied a correction factor of 1.35 to all galax-
ies to account for the average contribution from warm dust (e.g.
Casey 2012). This approximation will underestimate the total IR
luminosity of hotter galaxies, chiefly (ultra)-luminous IR galaxies
(ULIRGs, LIR > 1012 L
 and LIRGs, LIR > 1011 L
), but is suffi-
cient to estimate the luminosities of typical star-forming galaxies on
average. Fig. 19 shows the integrated luminosities of the H-ATLAS
IDs as a function of redshift. The sample spans a wide range of IR
luminosities but becomes dominated by LIRGs at z � 0.25.

The rest-frame IR-to-UV luminosity ratio was calculated by
dividing the integrated IR luminosity (LIR/W) by the rest-frame
FUV luminosity (νLν /W). The range of IR/UV ratios probed
by H-ATLAS IDs in GAMA/GALEX is similar to that in the
Herschel+GALEX-selected sample of Buat et al. (2010). As ex-
pected, it is less biased towards high ratios than IRAS-selected
LIRGs (e.g. Howell et al. 2010), and less biased towards low ratios
than UV-selected samples (e.g. Meurer, Heckman & Calzetti 1999;
Kong et al. 2004; Overzier et al. 2011). These other samples have
typical log(IR/UV) ∼2 and ∼0–1, respectively, compared with the
median log(IR/UV) = 0.95 in the current sample. The IR/UV ratio
traces the relative rates of obscured and unobscured star formation,
and in Fig. 20 it shows a strong correlation with IR luminosity, and a
weaker correlation with the UV spectral index β. We use the GALEX
colour βGLX = (log fFUV − log fNUV)/(log λFUV − log λNUV) to es-
timate β, following Kong et al. (2004). The correlation between

Figure 19. Total IR luminosities of all reliable extragalactic H-ATLAS IDs
as a function of redshift. Luminosities were estimated by fitting the 100–
500 µm fluxes with a modified blackbody SED with fixed β = 1.82 and free
temperature and normalization, and applying a correction factor of 1.35 as
described in the text. For the subset of IDs in GAMA, we colour the data by
the r-band absolute magnitude measured from KCORRECT.

Figure 20. Ratio of rest-frame total IR luminosity to rest-frame FUV-band
luminosity (νLν ) for H-ATLAS sources which have reliable IDs in GAMA
and FUV detections from GALEX, as a function of LIR (top) and βGLX

(bottom), where βGLX = (log fFUV − log fNUV)/(log λFUV − log λNUV)
as defined by Kong et al. (2004). Also shown in the lower panel are the
best-fitting relations for local starbursts (Kong et al. 2004), local late-type
galaxies (Boissier et al. 2007) and galaxies selected from the H-ATLAS
SDP+GAMA (Wijesinghe et al. 2011).

MNRAS 462, 1714–1734 (2016)

 at U
niversity of H

ertfordshire on N
ovem

ber 17, 2016
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 



1732 N. Bourne et al.

IR/UV and β is well documented in the literature, and has been
shown to depend strongly on the star formation history, with galax-
ies dominated by younger stellar populations having higher IR/UV
for the same value of β (Kong et al. 2004; Buat et al. 2012). The
heterogeneous H-ATLAS sample therefore shows a large amount
of scatter in this relationship. At a given value of βGLX, the sample
spans a range of IR/UV ratios that encompasses the relationships for
starbursts from Kong et al. (2004), and resolved late-type discs from
Boissier et al. (2007). The best-fitting relationship from Wijesinghe
et al. (2011), based on the H-ATLAS SDP+GAMA sample, un-
surprisingly provides a good fit to our sample, but clearly a single
IR/UV–β relationship cannot be assumed without accounting for
additional variables within the sample.

7 C O N C L U S I O N S

In this paper, we have described the process of obtaining reliable
optical and multi-wavelength counterparts to submm sources in the
H-ATLAS DR1 with UV to near-IR data from SDSS, GAMA and
other wide-area surveys. The catalogues described in this paper
represent a factor of 10 increase in area compared with the previous
data release (SDP; S11) and an even greater increase in the number
of sources due to improvements in the source extraction described
in Paper I.

We searched for counterparts within a radius of 10 arcsec around
all ≥ 4σ SPIRE sources in the H-ATLAS catalogues, corresponding
to an average flux limit of 27.8 mJy at 250 μm. For the matching
catalogue, we used primary objects from SDSS DR7 and DR9 with
rmodel < 22.4, removing spurious deblends by visual inspection of
objects with deblend flags. We used LRs to measure the reliability
of all potential matches in this catalogue, and we also inspected by
eye a subset of bright sources to validate the automated process and
correct missing ID information for bright galaxies and stars.

The intrinsic fraction of H-ATLAS sources which have a coun-
terpart in the SDSS r < 22.4 catalogue (irrespective of whether
the counterpart could be reliably identified) is Q0 = 0.539 ± 0.001
overall (0.519 ± 0.001 for extragalactic objects; 0.020 ± 0.002 for
stars). The extragalactic value is significantly lower than that found
by S11 in the SDP release, but this can be explained by changes in
the methodology leading to an improved estimate of Q0.

While Q0 represents the theoretical maximum identification rate
for H-ATLAS sources in SDSS, in reality it is not possible to ob-
tain reliable counterparts for this fraction of sources due to the
ambiguity of matching submm sources with a PSF of 18 arcsec
to optically detected sources, and the poor correlation between
the fluxes in these two wavebands. We found ‘reliable’ counter-
parts (reliability R ≥ 0.8) for 44 835 submm sources and esti-
mated that this sample has an overall completeness of 73.0 per cent
and cleanness of 95.3 ± 0.1 per cent. The sample is dominated
by galaxies (97 per cent), although 422 stars and 610 spectro-
scopically identified quasars are also reliably identified, in addi-
tion to 351 quasar candidates (unresolved objects without spec-
troscopy but with non-stellar colours). The stellar IDs are in-
complete and uncertain as a result of poor statistical knowledge
of the magnitude distribution of submm-emitting stars; further
work in this area would improve the efficiency of the LR proce-
dure for stars. The R ≥ 0.8 reliability cut excludes some sources
with multiple optical counterparts (chance alignments, mergers and
pairs/groups with small projected separations can all lead to a com-
pletely blended submm source), but we estimate that the incom-
pleteness resulting from the existence of multiple counterparts is
small (∼1 per cent).

Finally, we investigated some of the multi-wavelength properties
of H-ATLAS galaxies with counterparts in GAMA. We measured
the redshift distribution of H-ATLAS reliable IDs, which is broadly
distributed, peaking between 0.1 < z < 0.8, although there are
many H-ATLAS sources that fall below the optical detection limit
of SDSS, which are likely to extend to higher redshifts. We showed
that there is a poor correlation between submm flux and optical
magnitude, but that H-ATLAS is sensitive to a wide variety of
galaxy types (classified by colour) similar to that probed by GAMA.
For example, H-ATLAS IDs fill the locus occupied by the GAMA
colour–magnitude relation in both g − r and NUV − r, and about
9 per cent of H-ATLAS/GAMA matches are classified as passive by
their UVJ colours (Williams et al. 2009), compared with 35 per cent
of the GAMA sample.

The H-ATLAS galaxies span five orders of magnitude in in-
tegrated IR luminosity at z < 0.5, and more than two orders of
magnitude in IR/UV luminosity ratio. This sample is far less biased
than earlier wide-field FIR-selected samples (e.g. IRAS) and rep-
resents a valuable census of dust emission throughout the galaxy
population at low to intermediate redshifts, as well as many rare
objects at high redshifts.

This H-ATLAS data release provides an important legacy of
FIR/submm photometry over a large sky area, and the multi-
wavelength catalogue described in this paper has unrivalled po-
tential for studying the interstellar medium and obscured star for-
mation in a large sample of galaxies up to redshift z � 1. All of
the data described in this paper and in Paper I are available from
www.h-atlas.org.
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