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A combined measure of 
the galaxy bias

• An Halo Occupation Distribution model is used to statistically characterize the 
position of galaxies within dark matter haloes; see Cooray & Sheth, 2002; Tinker et al. 
2005; Coupon et al. 2012.

• Weak lensing, aperture statistics; intrinsic shapes are distorted by the 
foreground mass hence the autocorrelation of the observed ellipticities of the 
background galaxies contains the clustering information of the matter field between the 
background galaxies and us; see Schneider et al. 1998 and applied on RCS data in 
Hoekstra et al. 2002, GaBoDS data in Simon et al. 2007, and on COSMOS in Jullo et al. 
2012.
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significance of the BAO peak detection <=> galaxy bias



Future BAO surveys

• BigBOSS

• Euclid

• PFS Sumire

• Target emission line 
galaxies to measure 
quickly a huge amount 
of redshifts
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Abstract
The Baryon Acoustic Oscillation (BAO) feature in the power spectrum of galax-
ies provides a standard ruler to probe the accelerated expansion of the Uni-
verse. The current surveys covering a comoving volume well-suited to unveil
the BAO scale are limited to redshift z . 0.6. We study several galaxy selec-
tion schemes aiming at building an emission-line-galaxy (ELG) sample in the
redshift range 0.6 < z < 1.7, that would be suitable for future BAO studies i.e.
a highly biased galaxy sample. We analyze six galaxy selections at the mean
redshifts 0.3, 0.5, 0.7, 0.8, 1, 1.2 using the two observables, the angular galaxy
clustering and the weak lensing. We interpret the angular clustering analysis
in terms of a halo occupation distribution model to derive the properties of the
haloes these galaxies inhabit, in particular the galaxy bias on large scales. A
further weak lensing analysis based on aperture statistics is performed to ex-
tract the galaxy bias and its stochasticity as a function of the scale. We apply
this analysis on a dataset composed of the photometry of the deep coadd on
Stripe 82 (225 deg2) made by SDSS, and of WISE infrared photometric band
W1. We use the photometric redshift of the CFHT-LS W4 T0006 and SDSS. It
shows the galaxy populations selected are strongly biased. Thus a survey de-
signed on such tracers will guarantee a high significance detection of the BAO.

Galaxy bias: models and methods
Halo occupation distribution model

An HOD model is used to statistically characterize the position of galaxies
within dark matter haloes. The main ingredients of this model are the halo
mass function n(M, z) i.e. the density of haloes of mass M at redshift z; the
number of galaxies present in a halo of mass M N(M); and the bias of haloes
compared to matter b

h

(M, z). The average galaxy bias of the galaxy population
is defined as :
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For more details about the HOD see Cooray & Sheth, 2002; Tinker et al. 2005;
Coupon et al. 2012. We compute angular correlation functions with the soft-
ware Athena and the fit HOD with CosmoPMC; see Kilbinger et al. 2011.

Weak lensing, aperture statistics: cross-correlation

WL relies on the analysis of the distribution of shapes of the galaxies located
behind the BAO tracers. Their intrinsic shapes are distorted by the foreground
mass. Thus the autocorrelation of the observed ellipticities of the background
galaxies contains the clustering information of the matter field between the
background galaxies and us. This method is based on the aperture statistics
formalism described in Schneider et al. 1998 and applied on RCS data in Hoek-
stra et al. 2002, GaBoDS data in Simon et al. 2007, and on COSMOS in Jullo et
al. 2012. WL measure of the bias is proportional to the ratio of the auto-power
spectra of galaxies, denoted N , and that of matter, denoted Map, in an aperture
✓.

b(✓) = f1(✓,⌦m

,⌦⇤)⇥

s
hN 2(✓)i
hM2

ap

(✓)i , (2)

The measure of the stochasticity of the bias is achieved by the correlation co-
efficient r, that involves the cross-power spectrum of galaxies and matter. A
value r = 1 means the bias is linear, r 6= 1 indicates stochasticity in the relation
between the galaxy and the matter fields.
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SDSS LRG 0.3 13.614+0.078
�0.098 14.92+0.65

�0.15 10.824+1.88
�1.95 0.37+0.18

�0.26 1.336+0.32
�0.37 1.298+0.19

�0.11 2.356+0.15
�0.19 2.015+0.10

�0.16 13.95+0.06
�0.09 1.2118 1.57 ± 0.06 ⇠ 1

BOSS CMASS 0.56 13.30± 0.02 14.41± 0.04 10.87± 1.6 0.19± 0.07 1.72± 0.2 1.169+0.06
�0.02 2.43±0.02 1.841±0.002 13.73+0.01

�0.02 0.6566 1.74 ± 0.11 ⇠ 1
LRG WISE bright 0.67 13.923+0.007

�0.02 16.015± 0.6 11.25± 1.5 0.587+0.009
�0.03 1.017+0.6

�0.02 2.62+0.2
�0.1 2.88±0.1 2.04±� 0.1 13.84± 0.01 4.0679 1.92 ±0.13 ⇠ 1

ELG gri 0.78 13.26± 0.02 14.83± 0.15 10.85± 1.58 0.27± 0.05 0.75± 0.09 1.323+0.08
�0.1 2.569±0.03 1.618±0.01 13.56+0.01

�0.02 3.5225 1.72±0.087 . 1
ELG ugri 0.96 12.98+0.013

�0.013 14.19+0.067
�0.075 13.09+0.018

�0.012 0.593+0.005
�0.014 0.653+0.067

�0.033 2.157+0.01
�0.04 2.106+0.015

�0.004 1.308+0.01
�0.0 13.14+0.01

�0 6.958 2.18 ± 0.12 . 1
ELG ugr 1.23 13.106+0.012

�0.013 14.341+0.19
�0.16 13.09+0.19

�1.03 0.596+0.004
�0.018 0.685+0.13

�0.13 2.576+0.27
�0.02 2.51+0.04

�0.03 1.36+0.002
�0.02 13.13+0.01

�0.02 6.1349 2.82 ± 0.16 -

Tracers used
The data used for the selec-
tion of the BAO tracers is the
deep stripe 82 coadd Annis et
al. 2011. We use the infrared
counterpart observed by WISE
at 3.4µm Wright et al. 2010.
The photometric redshift dis-
tribution are obtained using
the CFHT T0006 photometric
redshift catalog; see Ilbert et
al. 2006, Coupon et al. 2009.
The observations used for the
shape analysis come from an
i-band survey of the stripe 82
at CFHT. It has a median see-
ing of 0.6 arc seconds and a
5� detection depth of 23.5 (Er-
ben et al. 2012 in preparation).

Results

Validation, Interpretation
Validation

In order to assess the validity of the method we test it on two already well described
samples, the LRG and the CMASS; see Table 3 in Parejko et al. 2012 and Table 2 in
White et al. 2011. These studies of the 3D correlation functions show that both tracers
have a large scale galaxy bias ⇠ 2. For the LRG sample with the HOD analysis we
find a bias of 2.356+0.15

�0.19, and with the lensing analysis we find 1.57 ± 0.06. It seems
the galaxy bias is underestimated by the WL and overestimated by the HOD. The
correlation coefficient is r ⇠ 1 for r > 1h�1Mpc, which shows the galaxy bias for
LRG is linear on large scale.For the CMASS with the HOD analysis we find a bias of
2.43+0.2

�0.2, and with the WL 1.74± 0.11. The trend is the same as for the LRG, the HOD
overestimates and the WL underestimates the galaxy bias. The correlation coefficient
is r ⇠ 1 for r > 0.3h�1Mpc, which shows the galaxy bias for CMASS is linear.

Interpretation

The WISE selected tracers have a HOD bias ⇠ 2.8 and a WL bias of 1.92 ± 0.13. As
for the previous tracers, the HOD estimation is greater than the WL. It is reasonable
to say the bias is between the two, say ⇠ 2.4. The correlation coefficient is consistent
with 1 across the scale range, but with larger error bars than LRG and CMASS. The
gri ELG sample has a HOD bias of 2.5 and a WL bias of 1.7. An average between the
two still provides a highly biased population, interesting for the BAO tracing galaxy
selection. Though the correlation coefficient output by WL on this sample must be
interpreted with care. In fact the lensing signal for this population is very weak, the
lens population has a median redshift of 0.78 and the source galaxies are limited to
i < 24. We try this analysis on two other color selections located further in redshift
the ugri ELG at z ⇠ 0.96 and the ugr ELG at z ⇠ 1.23. Though we are confronted to
the very small signal present in the galaxy-galaxy lensing. The trend is that both the
ugri and the ugr seem to be biased tracers, and thus suitable for BAO studies. The
question of the linearity remains.

Conclusion
Both analysis on the se-
lections at z = 0.3 and
0.5 are consistent, and in
agreement with previous
studies on these tracers,
which shows our approach
is valid. On the next red-
shift bins, the galaxy biases
obtained using the weak
lensing observable and the
bias obtained by the clus-
tering analysis are consis-
tent. The gri ELG and
the WISE are good mat-
ter tracers for BAO anal-
ysis, as the are highly bi-
ased and their bias is fairly
linear with the scale. It
supports the eBOSS project
that aims measuring BAO
at 0.6 < z < 1.0. For Big-
BOSS or DESpec, the ugri
and ugr selections seem to
be adapted.
by J. Comparat, PhD student
at LAM. Contact :
johan.comparat@oamp.fr

Comparing the two galaxy bias estimation is interesting !

Supports future selections for BAO surveys

Opens questions about galaxy formation scenarii at z=1
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