
Identifying counterparts to sub-mm 
galaxies in Herschel-ATLAS: !

Colour matters!
!

Nathan Bourne !
—!

with Carlos Hoyos, Loretta Dunne, Simon Dye, Steve Eales, Joaquin 
Gonzalez-Nuevo, Steve Maddox, Dan Smith, Elisabetta Valiante



SMG IDs: a solved problem?

A fundamental problem in sub-mm surveys:  
due to steep source counts and low resolution!

!



SMG IDs: a solved problem?

A fundamental problem in sub-mm surveys:  
due to steep source counts and low resolution!
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IDs for Herschel-ATLAS
~150 deg2, 5sigma~30 mJy, probing low and high redshifts !

Matching catalogue from SDSS

SPIRESDSS



SPIRE-SDSS positional offsets

Offsets to all objects around a SPIRE source:!
positional errors of true counterparts!
correlated objects: clustered objects at the same redshift!
lensing objects in the line of sight



In theory:!

But we see a weaker SNR dependence and 
apparently much larger positional errors 
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nitude distributions of true counterparts and background
sources. Previous studies have either measured these statis-
tics across the full sample (eg Ivison et al. 2007) or di-
vided the sample by their optical/near-/mid-IR properties
[eg Smith et al. 2011 (hereafter S11); Chapin et al. 2011;
Fleuren et al. 2012], since these distributions depend on the
nature of the source population.

In this paper we show for the first time that dividing
sources by submm colour has a significant impact on the
statistics of their optical associations, which has implications
for determining the likelihoods and reliabilities of matches
to submm sources as a function of their colour.

2 DATA

The Herschel Astrophysical Terahertz Large Area Survey
(H-ATLAS; Eales et al. 2010) is the largest-area submm
survey conducted with the Herschel Space Observatory (Pil-
bratt et al. 2010), imaging around 550 deg2 at 100 and
160µm with PACS (Poglitsch et al. 2010) and 250, 350 and
500µm with SPIRE (Griffin et al. 2010), as described by
Ibar et al. (2010) and Pascale et al. (2011). Phase 1 of the
survey covers 161 deg2 in three equatorial fields at RA of ap-
proximately 9h, 12h and 14.5h, and benefits from extensive
multi-wavelength coverage in the Sloan Digital Sky Survey
(SDSS; York et al. 2000), the UK Infrared Deep Sky Survey
Large Area Survey (UKIDSS-LAS; Lawrence et al. 2007),
the Galaxy Evolution Explorer (GALEX ; Martin et al. 2005)
and Wide-field Infrared Survey Explorer (WISE ; Wright
et al. 2010), among others. To take full advantage of these
complementary data-sets, the LR technique has been ap-
plied to the H-ATLAS science demonstration phase (SDP)
with SDSS and GAMA (Driver et al. 2011) by S11; the
9h field of Phase 1 with the VIKING survey (Sutherland
et al. in preparation) by Fleuren et al. (2012); and the
full H-ATLAS Phase 1 catalogues with SDSS and GAMA
(Bourne et al. in preparation). We use the latter data-set in
this paper, as described below.

Herschel -ATLAS sources were extracted from the
Phase 1 PSF-filtered 250µm maps as described by Rigby
et al. (2011). The source catalogues used for matching con-
tain 122,862 sources detected at ! 5σ, corresponding to an
average point-source detection limit of 28mJy. The opti-
cal catalogue was compiled in a similar way to S11. We
used all primary objects in SDSS DR7 (Abazajian et al.
2009) with rmodel < 22.4, separating stars and galaxies using
PSF/model magnitudes from SDSS to identify unresolved
sources, with additional g − i and J −K colour constraints
as described by S11. Spectroscopic redshifts exist for 9 per
cent of the r < 22.4 sample, primarily from the GAMAII
redshift catalogue (SpecCat v21 ), which is close to 100 per
cent complete at r < 19.8, and from other spectroscopic sur-
veys (Cannon et al. 2006; Abazajian et al. 2009; Croom et al.
2009; Jones et al. 2009; Ahn et al. 2013). These are supple-
mented with photometric redshifts for all objects from SDSS
DR7. QSOs were identified in two ways: unresolved sources
with spectroscopic redshifts > 0.001 (7880 objects); and un-
resolved sources without spectroscopic redshifts, which ap-
pear in the galaxies locus of g − i/J − K colour space as
defined by S11 (17313 objects). For the analysis in this pa-
per we are interested in extragalactic IDs and use a total of

Figure 1. An example of the histograms described in the text.
Here we show the central 50 arcsec of the histograms of angu-
lar separations, in RA and Dec respectively, to all SDSS objects
within a 100 arcsec square around each SPIRE source, averaged
over all SPIRE sources in the 5 < SNR < 6 bin. The solid orange
line shows the best-fitting model described in the text. Note the
deviation from the Gaussian model indicating that the distribu-
tion is not described by a universal random positional error.

1,806,701 galaxies and QSOs. Further details of the optical
catalogue and matching for Phase 1 will be published in the
data release paper (Bourne et al. in preparation).

3 SUBMM–OPTICAL POSITIONAL OFFSETS

We explore the distributions of offsets between SPIRE and
SDSS sources, which is a vital ingredient for determining the
probability that a submm centroid is separated from its true
counterpart by a given angular distance. We measured the
separations of all SDSS sources around each SPIRE source
up to a 50 arcsec separation in RA and Dec, thus forming
a two-dimensional histogram of offsets between all SPIRE-
SDSS pairs. These offset distributions are theoretically de-
scribed by a constant background density, plus the Gaussian
distribution of offsets to true counterparts f(r), represent-
ing the random positional errors, plus any additional contri-
bution from correlated sources. This latter is given by the
cross-correlation w(θ) between SPIRE and SDSS positions,
which we fit using the modified Landy & Szalay (1993) es-
timator (Herranz 2001) to count pairs of data and random
positions as a function of radial separation up to 100 arcsec.
We then fit the histograms of RA and Dec separations, fix-
ing w(θ) and solving for the centre (mean offset) and width
(σpos) of the Gaussian f(r).

If σpos represents the SPIRE positional error (neglecting
the much smaller SDSS positional error), it is expected to
follow the theoretical form

σpos(SNR) = 0.6
FWHM
SNR

(1)

(Ivison et al. 2007), where FWHM and SNR are the
beam full-width half-maximum and signal-to-noise ratio in
the 250µm image from which the sources were extracted
(FWHM = 18.1 arcsec). Dividing the SPIRE catalogue into
bins of 250µm SNR, we first fit w(θ) on scales of 6− 50 arc-
sec, and then fit f(r) + w(θ) on all scales < 50 arcsec to
obtain σpos in each bin (see Fig. 1 for an example). We then
examine the behaviour of σpos as a function of SNR (Fig 2)
and fit a power law in order to estimate σpos(SNR = 5). In
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Brighter, redder SPIRE sources have 
more SDSS associations at large radii 

1. Clustered galaxies around 
the SPIRE source? !

• Perhaps we have not 
properly accounted for 
the correlation function!

• Is this worse for red 
sources because they are 
more likely to be blends? 

Why? Clustering



Brighter, redder SPIRE sources have 
more SDSS associations at large radii 
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2. Many red SPIRE sources are 
lensed?!

• We know that the brightest 
red submm galaxies are 
likely to be lenses!

• Could the offsets between 
the lenses and the submm 
images be affecting the 
measured positional 
errors?

Why? Lensing

Figures

Figure 1: Selection of gravitational lenses at submillimeter wavelengths. The 500µm source
counts consist of three different populations (14): high-redshift SMGs; lower redshift late type
(starburst plus normal spiral) galaxies; and radio sources powered by active galactic nuclei.
Strongly lensed SMGs dominate over unlensed SMGs at very bright fluxes where the count
of un-lensed SMGs falls off dramatically (yellow shaded region). The data points are from
H-ATLAS (32).
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EFFECTIVE MODELS FOR GRAVITATIONAL LENSING 27

Figure 14. Top panel : Euclidean normalized counts at 500 µm. The open squares and the filled stars represent the total Herschel-
ATLAS SDP counts (Clements et al. 2010) and the counts of the bright SDP lenses spectroscopically confirmed by Negrello et al. (2010),
respectively. The solid line illustrates the total model counts comprising the contributions of unlensed (blue dot-dashed line; Lapi et
al. 2011) and strongly lensed (purple dotted line; SISSA model from the present work) proto-spheroidal galaxies, normal late-type plus
starburst galaxies (green dashed line; Negrello et al. 2007), radio sources (magenta triple-dot-dashed line; De Zotti et al. 2005). Bottom
panel : same but at 350 µm. Here the filled squares refer to counts of the SDP candidate lenses selected by Gonzalez-Nuevo et al. (2012).

Lapi+12
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Lens modelling : Gonzalez-Nuevo+ in prep.



How common is (weak) lensing 
among SMGs?

This depends on evolution of the LF at high 
redshifts!

If strong, then most SMGs are unlensed, but are 
strongly clustered such that their positional errors 
are increased!

If it weakens, then lensing is more common, and 
there is a much greater chance of identifying the 
lens as the counterpart to a red SMG. 


