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Introduction

• The first extragalactic submm/mm 
surveys using SCUBA and MAMBO 
revealed a population of very 
luminous high-redshift galaxies. 
(Blain+02). Confirmed later on by 
BLAST (Viero+09).

• Herschel Space Observatory
(Pilbratt+10), mainly with the SPIRE 
instrument (Griffin+10), provided the 
sensitivity required to increase the 
number of extragalactic sub-mm 
sources.



• Deep large area Herschel surveys as 

H-ATLAS (Eales+10) or HerMES

(Oliver+12) detected thousands of 

such galaxies, by covering together 

~1000 deg2.

• A substantial fraction of those 

galaxies reside at z ∼> 1.5 (Amblard+10; 

Lapi+11; Pearson+13)

• Surprisingly easy and effective way 

to identify Strongly Lensed Galaxies 
(Negrello+10, GN+12, Wardlow+13, Negrello+16, 

…)
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SDP81 seen 

by ALMA
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SMGs main properties
0.   K-Correction: sub-mm magic
1. “Narrow” high redshift 

distribution
2. Steep Luminosity Function 

àSteep source number counts
3. Redshift distribution peaks 

around z=1.5
4. Invisible in the Optical band 

and vice versa
5. Strong correlation

With the same instrument we can 
observe the high-z Universe for 
free!
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SMGs main properties
0.   K-Correction: sub-mm magic
1. “Narrow” high redshift 

distribution
2. Steep Luminosity Function 

àSteep source number counts
3. Redshift distribution peaks 

around z=1.5
4. Invisible in the Optical band 

and vice versa
5. Strong correlation

Lapi+11

• Small dilution effect after 
projection.

• Photo-z estimation: 
Amblard+10, Lapi+11, GN+12, 
Pearson+13, Ivison+16
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SMGs main properties
0.   K-Correction: sub-mm magic
1. “Narrow” high redshift 

distribution
2. Steep Luminosity Function 

àSteep source number counts
3. Redshift distribution peaks 

around z=1.5
4. Invisible in the Optical band 

and vice versa
5. Strong correlation

Optimal sample for lensing studies and 
lens selection: Negrello+10, GN+12 
(HALOS), Wardlow+13, Negrello+17, …
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SMGs main properties
0.   K-Correction: sub-mm magic
1. “Narrow” high redshift 

distribution
2. Steep Luminosity Function 

àSteep source number counts
3. Redshift distribution peaks 
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and vice versa
5. Strong correlation
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• Coincidence with maximum in the 
CMB lensing kernel. 

• Ideal for CMB lensing cross-
correlation studies
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SMGs main properties
0.   K-Correction: sub-mm magic
1. “Narrow” high redshift 

distribution
2. Steep Luminosity Function 

àSteep source number counts
3. Redshift distribution peaks 

around z=1.5
4. Invisible in the Optical band 

and vice versa
5. Strong correlation

• Low cross-contamination
• Ideal for lensing studies: 

Bussmann+12, Dye+14, 
Negrello+14, … (long list here)
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SMGs main properties
0.   K-Correction: sub-mm magic
1. “Narrow” high redshift 

distribution
2. Steep Luminosity Function 

àSteep source number counts
3. Redshift distribution peaks 

around z=1.5
4. Invisible in the Optical band 

and vice versa
5. Strong correlation

• Planck satellite became an optimal finder of 
high-z proto-clusters!! (PHZ catalogue)

• Important synergy with Herschel: 
Herranz+13, Fu+12, Clements+14, PIPXXVII, 
…
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Weak lensing: magnification bias
0.   K-Correction: sub-mm magic
1. “Narrow” high redshift 

distribution
2. Steep Luminosity Function 

àSteep source number counts
3. Redshift distribution peaks 

around z=1.5
4. Invisible in the Optical band 

and vice versa
5. Strong correlation

SDSS/GAMA
cross-correlation

[Wang+11, GN+14, 
Bourne+14, GN+17]
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… while dealing with HALOS …

  

Example: G12 (tile 1; low cirrus)

Black.- 0.0<z<0.5
Red.- high-z bin
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SDSS/GAMA XC: Sample selection
• Background → H-ATLAS

~ 2.4x104 sources
photo-z> 1.5

• Foreground → SDSS
~ 7.2x105 sources
0.2 < photo-z < 0.6

• Foreground → GAMA
~ 1.1x105 sources
0.2 < zspec < 0.6 GAMA (Galaxy And Mass 

Assembly; Driver+11)
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Cross-correlation (H-ATLAS vs SDSS/GAMA)
[Gonzalez-Nuevo et al. 2014]

• Modified LS estimator

• Signal detected up to ~30 
arcmin 

• Highly significant below a few 
arcmin (>10σ) 

• Signal produced mainly by 
massive galaxies 

• log(M*/M¤)>11.2; [grey circles] 
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Simple interpretation: magnification bias

XC signal produced by weak lensing from super-
galactic halos being signposted by the SDSS sources.
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more than an update:
Gonzalez-Nuevo et al. 2017

•Background → H-ATLAS

~ 4.2x10
4

sources

photo-z> 1.2

• Foreground → GAMA

~ 1.5x10
5

sources

0.1 < zspec < 0.8 

(KiDS450 or DES require >106 galaxies!)
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JCAP10(2017)024

Figure 4. Estimated angular cross-correlation between the GAMA (foreground) and the H-ATLAS
(background) samples (red circles). The gray points correspond to the measurements obtained by
GN14. The best halo model fit is shown as black lines (total, solid ; 1-halo, dashed and 2-halo, dotted).
The green line indicates the best fit when considering an ↵sat ⇠ 1.8 gaussian prior. Measurements
below ⇠ 30 arcsec are not used in the model fit (see text).

values and their associated standard errors. With this procedure we are trying to minimize
the sample variance e↵ect. As in the auto-correlation case we have considered the “integral
constraint” correction negligible due to the relative large are of each mini-region (⇠ 12.6 deg2).

The measured angular cross-correlations between the foreground (0.2 < z < 0.8) and
the background (1.2 < z < 4.0) samples are shown in figure 4 (red circles). Unlike the auto-
correlation case, the small angular scale limit is dictated by the H-ATLAS positional error
(the SDSS one is negligibly small compared to it) whose rms value at 250 µm is ⇠ 2.4 arcsec
for 5� sources [47, 48, 75]. In fact, below ⇠ 600 we can appreciate the gaussian filtering e↵ect
produced by the positional uncertainties: the first two points are departing from a power
law indicating a convergence toward a saturation value at smaller angular distances. Our
results are in very good agreement with those of GN14 (gray squares), although with better
accuracy and wider angular scales coverage thanks to the improvements in the catalogue
production, sample selection criteria, wider area and tailored analysis pipeline. The mean
values and 68% confidence intervals of the cross-correlation results can be found in table 1.

We refer the reader to [13, 31, 50] for a detailed discussion on the low expected level of
cross-contamination (observational constrains, catastrophic photo-z failures, physical Spec-
tral Energy Distribution analysis, etc) between the foreground and background samples. In
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2.2 Foreground-background source angular cross-correlation function

The cross-correlation between the galaxy and dark matter distributions, see (2.1), can be
probed through two independent methods: the weak lensing tangential shear-galaxy corre-
lation and the foreground-background source correlation function. In this paper we focus
on the second method. The dependence of the galaxy-mass correlation on the foreground-
background source correlation arises from the weak lensing e↵ect, a↵ecting the source number
counts of the background galaxy sample (magnification bias), that is produced by the mass
density field which is traced by the foreground galaxy sample.

Following mainly [34], we can write the correlation between the foreground and back-
ground sources as:

!fb(✓) = h�Nf (n̂)�Nb(n̂+ ✓)i. (2.3)

The foreground sources are assumed to trace the density field and based on the source
clustering one can write the fluctuations in the foreground source population as

�Nf (n̂) =

Z zs

0

dz
dNf

dz
�gal(n̂, z), (2.4)

with
dNf

dz as the unit-normalized foreground redshift distribution and zs the source redshift.
In the case of the background sources, whose number counts can be written as N(S) =

N0S
�� , we know that in the presence of lensing we have amplification and dilution e↵ects:

N(S) = N0
µ (Sµ )

�� . For weak lensing the amplification can be approximated by µ ' 1 + 2,
and therefore:

�Nb(n̂) = 2(� � 1)(n̂)

= 2(� � 1)

Z zs

0

dzWlens(z)�dm(n̂, z),
(2.5)

with

Wlens(z) =
3

2

H
2
0

c2
E

2(z)

Z zs

z
dz

0�(z)�(z
0 � z)

�(z0)

dNb

dz0
. (2.6)

Here, �(z) is the comoving distance to redshift z, E(z) =
p

⌦M (1 + z)3 + ⌦⇤ and dNb
dz is the

unit-normalized background redshift distribution.
Therefore, the correlation between the foreground and background sources can be eval-

uated as:

!fb(✓) = 2(� � 1)

Z zs

0

dz
dNf

dz
Wlens(z)h�gal(n̂, z)�dm(n̂+ ✓, z)i

= 2(� � 1)

Z zs

0

dz

�2(z)

dNf

dz
Wlens(z)

Z 1

0

`d`

2⇡
Pgal�dm(`/�(z), z)J0(`✓),

(2.7)

where we have made use of the standard Limber [41] and flat-sky approximations (see for
example [42] and references therein).

We can finally interpret the cross-correlation signal under the halo model parametriza-
tion taking into account that both galaxy samples trace the same dark matter distribution
around redshift z ⇠ 0.4. This dark matter distribution is traced directly by the foreground
galaxies while, in the case of the background sample, it is traced thanks to the weak lensing
e↵ect. In this framework, the 2-halo term corresponds to the correlation between one halo
traced by the foreground galaxies and another one traced by the background sources. In a
similar way, we have the 1-halo term that describes the correlation between sub-halos (traced
by both samples) inside the same halo.
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• High S/N Cross-correlation measurements
• Physical Interpretation (Cooray & Sheth, 

2002):

• MCMC framework to derive lenses HOD 
parameters:

JCAP10(2017)024

other hand, when we consider a much massive deflector, log10(M/M�) = 13.9, we have a
correlation signal similar to the observed one. Notice that if we don’t limit the amplification
(i.e. consider only the strong lensing e↵ect or µ > 1.7 for this particular mass deflector), we
obtain a clear overestimation of the correlation at larger angular scales due to the weak lens-
ing contribution of such massive halos. In this case it is clear that assuming that all ⇠ 105

deflectors have log10(M/M�) = 13.9 is not physically realistic, but it is useful to demon-
strate that the enhancement of the measured signal at these small scales is easily explained
by the proper modeling of the strong gravitational e↵ect and the statistical characteristics of
the deflectors.

The detailed modeling of the cross-correlation signal at these scales (mass function,
mas density profiles, pointing uncertainties, etc) is beyond the scope of this paper, and will
constitute the main scope of a future publication.

6 Conclusions

In this work we measure and study the cross-correlation signal between a foreground sample
of GAMA galaxies with spectroscopic redshifts in the range 0.2 < z < 0.8, and a background
sample of H-ATLAS galaxies with z > 1.2. It constitutes a substantial improvement over the
GN14 cross-correlation measurements with newer catalogues, more surveyed area and a sam-
ple selection that improves the statistics and, as a consequence, leads to smaller uncertainties
(with S/N & 5 below 10 arcmin and reaching S/N ⇠ 20 below 30 arcsec).

Thanks to the background sample source number count steepness, � ⇠ 3, we are able to
measure the same signal by splitting the default foreground sample in three di↵erent redshift
bins (0.2 < z < 0.3, 0.3 < z < 0.5 and 0.5 < z < 0.8 ). With the addition of another redshift
bin at lower redshift (0.1 < z < 0.2), we are able to perform a tomographic analysis of the
magnification bias. We achieve measurements in all the redshift bins with S/N & 3 below
10 arcmin and reaching S/N ⇠ 15 below 30 arcsec.

In the case of the background sources we apply a traditional halo model to their auto-
correlation function finding the typical HOD masses values in agreement with previous stud-
ies: a minimum halo mass to host a central galaxy, Mmin ⇠ 1012.26M�, and a pivot halo mass
to have at least one sub-halo satellite, M1 ⇠ 1012.84M�.

The halo modeling of the measured cross-correlation signals allow us to study also the
typical mass of the foreground deflectors involved and, thanks to the tomographic analy-
sis, to determine it variation with redshift. As summarized in table 2, the best fit val-
ues determined from our main foreground sample are (mean and 68% confidence intervals):
log10(M

lens

min
/M�) = 13.06+0.05

�0.06, log10(M
lens
1

/M�) = 14.57+0.22
�0.16 and ↵

lens
sat = 2.92+1.12

�0.78. How-
ever, the ↵

lens
sat parameter is almost unconstrained and it derived value depends directly on

the imposed flat priors. These results confirm the GN14 conclusions that the signal is mainly
produced by very massive foreground galaxies or even galaxy groups/clusters that are sign-
posted by those. The tomographic analysis shows that, while M

lens
1

and ↵
lens
sat are almost

redshift independent, there is a clear evolution of an increasing M
lens

min
values with redshift.

This evolution is mainly reflecting the possibility to increase the deflector mass (i.e. to reduce
the number of potential deflectors) thanks to the higher weak gravitational lensing probability
at higher foreground redshifts.

Finally, the halo modeling was also useful to point out the typical angular scale where
the strong lensing can not be considered negligible any more at ⇠ 3000 — an starting assump-
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Magnification bias tomography: why?
• In the weak lensing regime, assuming that 

!≈|"| as for isothermal spheres (Bartelmann
& Schneider 2001):

• For se~0.3 and a≲2 à shear > MagBias (QSO; 
Scranton+05)

• For se~0.2 and a≳3.5 à shear ≲MagBias !!

MEMORIA CIENTÍFICO-TÉCNICA DE PROYECTOS EXPLORA 

the central galaxy, or the BCG in the case of clusters, limiting the resolution to extend the 
measurement to the most central parts. Even more, this technique can not be applied to 
background sources without resolved shapes, as is the case of QSOs or IR sources, located 
at higher redshifts. 

An interesting characteristic of the (sub-)mm lensed galaxies is that they are very faint in the 
optical, while most foreground lenses are passive ellipticals ([Aug09, Neg10]), essentially 
invisible at sub-mm wavelengths. This means that the foreground lens is ‘transparent’ at 
(sub-)mm wavelengths, i.e. it does not confuse the measurements of the background source 
and vice versa. Therefore, the (sub-)mm selection shares with spectroscopic searches the 
capability of detecting lensing events with small impact parameters, with the advantage that, 
in most cases, there is no need to subtract the lens contribution to recover the source images 
within the effective radii of the lenses. Besides, the (sub-)mm selection, with typically source 
redshifts above z>1-1.5, allows to probe earlier phases of galaxy evolution which have 
typically higher lensing optical depths. This makes this technique ideal for tracing the mass 
density profiles of both galaxies and clusters over a broad redshift range and for probing their 
evolution with cosmic time. 

Moreover, the magnification bias is an attractive alternative to the weak shear because it is 
only based on the galaxy counts and does not require outstanding seeing to measure 
ellipticities and orientations of galaxies. However, it is also more sensitive to shot noise, 
which unfortunately increases when the number density decreases in the depletion area. In 
the weak lensing regime, assuming that !≈|"| as for isothermal spheres, the ratio of the 
signal-to-noise ratios of the shear and the magnification bias [Bar01]: 

has been traditionally considered to favour the shear analysis. In fact, for a dispersion of the 
intrinsic ellipticity distribution of the elliptical galaxies, σ#~0.3, and $~2, the maximum 
steepness of the QSOs number counts, this ratio is lower than 1. However, the steepness of 
the high-z sub-mm H-ATLAS galaxies was found to be steeper than in the QSOs case (see 
Fig. 1 and [Cle10]). For the observed flux densities range, it is always $>3 and could achieve 

maximum value of ~5. Therefore, with conservative values of σ#~0.2, and $~3.5, the 
magnification bias is, at least, as powerful as the weak shear approach but with much 
lower number of systematic effects. 

4. Specific Tasks 
Based on the above discussion, the main idea behind the proposed project is to use the 
magnification bias gravitational lensing effect on high redshift sub-mm galaxies as an unique 
and powerful tool to study the internal structure and evolution of dark matter structures at 
z>0.3 and to constrain the geometric cosmological parameters. By comparing the results of 
the proposed project with the “shear” ones, we pretend to demonstrate the magnification bias 
analysis as an important alternative to the other methods. 

In particular, weak gravitational lensing can be used to address the general objectives of this 
proposal:  
i) Studying the evolution of the LSS properties and its potential relationship with the 

cosmographic parameters. 
By characterising the dark matter properties at different redshift bins it would be 
possible, not only to study in more detail the nature of the dark matter, but also to put 
constrains on the cosmological parameter that control such evolution.  

ii) Understanding the spatial distribution of mass at Mpc, kpc and sub-kpc scales where 
baryons and dark-matter interact to shape galaxies and clusters as we see them (mass 
distribution). 
Understanding the interplay between dark matter and baryons is crucial to make 
progress in understanding the nature of dark matter and in developing and testing 
theories of galaxy formation. Gravitational lensing, by providing direct and precise 
measurements of mass at cluster, galactic and sub-galactic scales, is a fundamental tool 
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dust reddening effects due to galactic haloes and large-scale structure (galaxy-quasar cross-correlation; 
[MEN10]); and a 7σ detection of a cross-correlation signal between z∼3-5 Lyman-break galaxies and Herschel 
sources [HIL13] among others.  

A first attempt at measuring lensing-induced 
cross-correlations between Herschel/SPIRE galaxies and 
low-z galaxies was carried out by [WAN11], who found 
convincing evidence of the effect. With much better 
statistics, this possible bias was studied in detail in 
[GON14] by measuring the angular CCF between selected 
H-ATLAS high-z sources, z > 1.5, and two optical samples 
with redshifts 0.2 < z < 0.6, extracted from the Sloan 
Digital Sky Survey (SDSS; [AHN12]) and Galaxy and 
Mass Assembly (GAMA, [DRI11]) surveys. The observed 
CCF was measured with high significance, > 10σ. 
Moreover, based on realistic simulations, it was concluded 
that the signal was entirely explained by a MagBias 
produced by the weak lensing effect caused by low redshift cosmic structures (galaxy groups/clusters with 
halo masses in the range 1013.2-1014.5M⊙) signposted by the brightest galaxies in the optical samples.  

[GON17] constituted a substantial improvement over the cross-correlation measurements made by 
[GON14] with updated catalogues and wider area (with S/N > 5 above 10 arcmin and reaching S/N∼20 below 
30 arcsec). Thanks to the better statistics it was possible to split the sample in different redshift bins and to 
perform a tomographic analysis (with S/N > 3 above 10 arcmin and reaching S/N∼15 below 30 arcsec). 
Moreover, a Halo model was implemented to extract astrophysical information about the background galaxies 
and the deflectors that are producing the lensing link between the foreground (lenses) and background (sources) 
samples. In the case of the sources, it was found typical mass values in agreement with previous studies. 
However, the lenses are massive galaxies or even galaxy groups/clusters, with minimum mass of 
Mlens∼1013.06M⊙, confirming the interpretation from [GON14]. The halo modeling also helped to identify a 
strong lensing contribution to the cross-correlation for angular scales below 30 arcsec. This interpretation is 
supported by the results of basic but effective simulations.  

The much higher significance compared to those reported so far is a result of the extreme steepness of 
the sub-mm source counts. It should be stressed that such high significance was obtained using less than 
10% of the number of sources typically involved in the shear analysis using optical samples.  

Independent and complementary results 
On the one hand, the strong lensing, which includes multiple images, arcs or ‘Einstein rings’, shows 

up on angular scales of arcseconds and provide information on high-density structures such as galaxies or 
galaxy clusters. However, most of the applications of strong gravitational lensing used to address major 
astrophysical and cosmological issues are currently limited by sample size [TRE10]. Thousands of SLGs are 
needed to make substantial progress and therefore a huge effort of follow-up observations is needed. Such 
observations take their time: we are still far from the goal of gathering homogenous and good quality data of 
hundreds of SLGs.  

On the other hand, the more common lower density structures, which include most of the mass in the 
Universe, produce observable effects via weak lensing, that can probe the clustering properties and mass 
density profile of the DM. In fact, the variation of the lensing signal for background galaxies at different 
redshifts probes the projected lensing mass with different redshift weights in a way that depends on cosmology.  

As proved by the planned experiments focusing on cosmic shear, the shear analysis is preferred to the 
MagBias: The LSST [LSS09], J-PAS [BEN14] or Euclid [LAU11]. Unfortunately, the shear detection is 
complicated by several well know and studied systematics errors, such as those in the ellipticity measurements 
(it requires high sensitivity and resolution), the intrinsic alignment bias [TRO15] and redshifts determinations 
(there are not enough spectroscopic redshift for all the needed sources). For these reasons, instruments with 
highly competitive requirements are needed. Moreover, the shear results are limited to a resolution of several 
kpcs: the fact that the shear must be measured for each individual lens and the central galaxy for clusters is an 
obstacle in reaching the inner parts. In addition, the shear cannot be applied to background sources whose 
shape cannot be resolved (as for QSOs or IR sources, located at higher redshifts). 

Since the MagBias is a further gravitational lensing effect, it can also be used to constrain the 
gravitational potentials at lower redshift than CMB lensing, with tomographic information, as the cosmic shear 
one. Therefore, the SMGs MagBias can provide independent cosmological constraints (Part 2) to be used 
to cross-check and strengthen the cosmic shear ones. Together, both set of lower redshift results will enlighten 
the lower redshift tension with respect to the CMB measurements. Even more, the completely different 

 
Figure B2.2: Gravitational lensing effects on the source 
number counts of a background population (dilution, 
green, and magnification, orange). The relative global 
effect depends strongly on the counts slope. 

• The magnification bias can be as powerful as shear but with lower systematic 
effects.

• Ideal technique for tracing the mass density profiles and for probing their 
evolution with cosmic time. 
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MagBias tomography: results

JCAP10(2017)024

Figure 7. Angular cross-correlation between the H-ATLAS background sample (1.2 < z < 4.0) and
the GAMA foreground one, divided in three redshift bins (0.2 < z < 0.3, top right ; 0.3 < z < 0.5,
bottom left ; 0.5 < z < 0.8, bottom right) plus and additional sub-sample at lower redshift (0.1 < z <

0.2, top left). The best halo model fit for each redshift bin is shown as black lines (total, solid ; 1-halo,
dashed and 2-halo, dotted) in each panel. The green lines indicate the best-fits when considering an
↵
lens
sat ⇠ 1.8 gaussian prior. Measurements below ⇠ 30 arcsec are not used in the model fits (see text).

the ↵
lens
sat parameter is simply the rate of the increase of satellite deflectors with mass above

M
lens
1

and, as seen in figure 6, it not well constrained with our current data.

These results are in agreement with the main conclusions obtained by GN14. Based on
realistic simulations of clustered sub-mm galaxies amplified by foreground structures, they
were able to confirm that the cross-correlation can be explained by weak gravitational lensing
(µ < 2). The simulations also showed that the signal can be reproduced if SDSS/GAMA
galaxies act as signposts of galaxy groups/clusters with halo masses in the range 1013.2 �
1014.5M�. There is a particularly remarkable agreement between the minimum mass derived
from simulations and the current estimated value obtained from the halo model fitting to the
main sample measured cross-correlation signal.

However, these results are higher than the traditional values obtained from normal
galaxies studied in the optical band (galaxies with stellar mass, log10(M?/M�) < 11 [77] or
luminous red galaxies, LRG, withMr > �21 [78]): log10(Mmin/M�) ⇠ 12.5, log10(M1/M�) ⇠
13.8 and ↵sat ⇠ 1.0. In addition, it was also found an almost constant relationship between
both HOD masses: M1/Mmin = 10 � 30. Our results are more in agreement when they are
compared with the values derived from massive galaxies, log10(M?/M�) > 11 [79] or the
brightest LRGs, Mr < �21 [78]. In the first case, the Mmin value is significantly larger for
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JCAP10(2017)024

Figure 8. Redshift evolution of the HOD parameters derived from the four redshift bins foreground
sub-samples. The theoretical estimation of the evolution with redshift of the statistical deflector mass,
following [82] formalism, is shown as gray dashed line in the top panel (see text for more details).

probability increases steeply with redshift, with a maximum around z ⇠ 0.5 for a typical
background source at z ⇠ 2 (see [82], for example). In other words, in order to produce a
statistical gravitational e↵ect almost independent of redshift, similar to the measured cross-
correlations functions, we can reduce the number of deflectors required, thanks to the higher
lensing probability. A lower number of deflectors implies a higher halo mass, as indicated by
a typical halo mass function.

Using [82] formalism we derive the theoretical evolution expected for the deflector halo
mass if the lensed galaxy is situated at z = 2. The inner integral of the lensing optical depth
(eq. 21 in [82]) corresponds to the lens redshift distribution for a fixed minimum deflector
mass. We consider only the weak lensing case with µ < 2 (i.e. the lens probability for
µ > 1 minus the lens probability for µ > 2). Based on our inferred masses using the default
sample, we then estimate the lens redshift distribution for log10

�
M

lens

min
/M�

�
= 13.1. From

this distribution we obtain the lens probability associated with this minimum deflector mass
for z = 0.3, the approximate mean redshift of the default sample. Taking into account the
similar strength of the measured signals in the di↵erent redshift bins, we consider a constant
lens probability with redshift. Therefore, the deflector mass evolution with redshift, shown
as a gray dashed line in the top panel of figure 8, is obtained estimating the minimum mass
that produce the same lens probability when varying the redshift: in order to compensate the
lower (higher) lens probability at redshift z < 0.3 (z > 0.3), we need to increase (decrease)
the number of deflectors implying lower (higher) minimum deflector masses. It provides a
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MagBias tomography: issues
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Figure 7. Angular cross-correlation between the H-ATLAS background sample (1.2 < z < 4.0) and
the GAMA foreground one, divided in three redshift bins (0.2 < z < 0.3, top right ; 0.3 < z < 0.5,
bottom left ; 0.5 < z < 0.8, bottom right) plus and additional sub-sample at lower redshift (0.1 < z <

0.2, top left). The best halo model fit for each redshift bin is shown as black lines (total, solid ; 1-halo,
dashed and 2-halo, dotted) in each panel. The green lines indicate the best-fits when considering an
↵
lens
sat ⇠ 1.8 gaussian prior. Measurements below ⇠ 30 arcsec are not used in the model fits (see text).

the ↵
lens
sat parameter is simply the rate of the increase of satellite deflectors with mass above

M
lens
1

and, as seen in figure 6, it not well constrained with our current data.

These results are in agreement with the main conclusions obtained by GN14. Based on
realistic simulations of clustered sub-mm galaxies amplified by foreground structures, they
were able to confirm that the cross-correlation can be explained by weak gravitational lensing
(µ < 2). The simulations also showed that the signal can be reproduced if SDSS/GAMA
galaxies act as signposts of galaxy groups/clusters with halo masses in the range 1013.2 �
1014.5M�. There is a particularly remarkable agreement between the minimum mass derived
from simulations and the current estimated value obtained from the halo model fitting to the
main sample measured cross-correlation signal.

However, these results are higher than the traditional values obtained from normal
galaxies studied in the optical band (galaxies with stellar mass, log10(M?/M�) < 11 [77] or
luminous red galaxies, LRG, withMr > �21 [78]): log10(Mmin/M�) ⇠ 12.5, log10(M1/M�) ⇠
13.8 and ↵sat ⇠ 1.0. In addition, it was also found an almost constant relationship between
both HOD masses: M1/Mmin = 10 � 30. Our results are more in agreement when they are
compared with the values derived from massive galaxies, log10(M?/M�) > 11 [79] or the
brightest LRGs, Mr < �21 [78]. In the first case, the Mmin value is significantly larger for
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Conclusions
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Figure 7. Angular cross-correlation between the H-ATLAS background sample (1.2 < z < 4.0) and
the GAMA foreground one, divided in three redshift bins (0.2 < z < 0.3, top right ; 0.3 < z < 0.5,
bottom left ; 0.5 < z < 0.8, bottom right) plus and additional sub-sample at lower redshift (0.1 < z <

0.2, top left). The best halo model fit for each redshift bin is shown as black lines (total, solid ; 1-halo,
dashed and 2-halo, dotted) in each panel. The green lines indicate the best-fits when considering an
↵
lens
sat ⇠ 1.8 gaussian prior. Measurements below ⇠ 30 arcsec are not used in the model fits (see text).

the ↵
lens
sat parameter is simply the rate of the increase of satellite deflectors with mass above

M
lens
1

and, as seen in figure 6, it not well constrained with our current data.

These results are in agreement with the main conclusions obtained by GN14. Based on
realistic simulations of clustered sub-mm galaxies amplified by foreground structures, they
were able to confirm that the cross-correlation can be explained by weak gravitational lensing
(µ < 2). The simulations also showed that the signal can be reproduced if SDSS/GAMA
galaxies act as signposts of galaxy groups/clusters with halo masses in the range 1013.2 �
1014.5M�. There is a particularly remarkable agreement between the minimum mass derived
from simulations and the current estimated value obtained from the halo model fitting to the
main sample measured cross-correlation signal.

However, these results are higher than the traditional values obtained from normal
galaxies studied in the optical band (galaxies with stellar mass, log10(M?/M�) < 11 [77] or
luminous red galaxies, LRG, withMr > �21 [78]): log10(Mmin/M�) ⇠ 12.5, log10(M1/M�) ⇠
13.8 and ↵sat ⇠ 1.0. In addition, it was also found an almost constant relationship between
both HOD masses: M1/Mmin = 10 � 30. Our results are more in agreement when they are
compared with the values derived from massive galaxies, log10(M?/M�) > 11 [79] or the
brightest LRGs, Mr < �21 [78]. In the first case, the Mmin value is significantly larger for
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Cross-contamination?

• SED considerations(<0.3%)
• Foreground magnitudes are too 

faint to account for the optical and 
the far-IR emissions at the same 
time 

• VLA follow-up results (<10%)
• 24/27 with z>0.9 

• Sample redshift lower limit 
�mismatched� simulations 
(<10%)

• a fraction of background sources 
are randomly selected and moved 
at the position of randomly 
selected foreground ones 
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Lensing amplification diagram

zs=2.5
zl=0.5

log Mh/Mo=13.5 log Mh/Mo=14.5

log Mh/Mo=15
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Colour matters: Bourne et al. (2014)
Colour and positional offsets of SMGs 1891

Figure 6. Histograms of the average number of SDSS galaxies in radial bins around each SPIRE source, for two bins of SNR and two of S250/S350 colour.
The background density has been measured in random positions and subtracted from these to give the excess. Dotted blue line: the expected distribution of
offsets of true counterparts according to equation (2). Dashed blue line: the distribution of offsets given by the best-fitting Gaussian f(r) in each bin, as shown in
Fig. 3. Note that the histogram deviates from the theoretical expectation (dotted line) especially in the red bins, and also from the best fit (dashed line) at large
separations, suggesting an additional contribution. The green solid (orange dashed) lines show the profile of offsets to low-redshift lenses around high-redshift
350-µm sources in the simulations of galaxy (cluster) lenses. The normalization of these lines has been rescaled to provide an upper limit since the simulation
flux limit is not directly comparable to the observed data. Note that the simulations of cluster lenses (orange lines) are truncated at 6 arcsec and the inner profile
is therefore potentially underestimated.

250-µm-selected sources. Observational work can also be used to
confirm the interpretation, in particular matching statistical samples
of red Herschel sources to radio counterparts would help ascertain
whether these are more likely to be lensed or clustered in compari-
son to bluer Herschel sources.
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• Study of the effect of lensing on the 
positional offsets between optical 
and sub-mm galaxies

• Misidentification of high-z 
counterparts is more common than 
thought! 

• Not only by rare “strongly lensed 
galaxies” but also due to ubiquitous 
weak lensing. 

• ALMA observational proposal to 
verify this hypothesis Lensing simulated predictions are upper-limits
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auto-correlation results

• Landy-Szalay estimator

• H-ATLAS
• Signal detected up to ~50 arcmin

• Good agreement with the halo 

model based on photo-z 

distribution (Xia+12) 

• SDSS/GAMA: 

• Good agreement with auto-

correlation of full SDSS split by r-

magnitude interval (Connolly+02, 

Wang+13) 
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Auto-correlation induced by lensing
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