Cosmological Constraints from a Combined Analysis
of Clustering & Galaxy-Galaxy Lensing in the SDSS




Halo Occupation Modelling: Motivation & Goal

Our main goal is to study the Galaxy-Dark Matter connection;
i.e., what galaxy lives in what halo?

~ To constrain cosmological parameters
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The Conditional Luminosity Function

The CLF ®(L|M) describes the average number of galaxies
of luminosity L that reside in a halo of mass M.
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We split the CLF in a central and a satellite term:

For centrals we adopt a log-normal distribution:
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CLF Constraints from Group Catalogue
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Clustering of Galaxy Groups

Clustering of groups directly probes clustering of Dark Matter Haloes.

Hierarchical Prediction: More massive haloes are more strongly clustered
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1 Results independent of halo-mass indicator.
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Wang et al, 2008,Ap], 687,919
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Mass Dependence of Halo Bias
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" Inferred Halo Bias in-good agreement with ‘:
| predictions for concordance cosmology |
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Luminosity & Correlation Functions

0SDSS (Zehavi et al. 2005)
0 2dFGRS (Norberg et al. 2002)
02dFGRS (Norberg et al. 2001)
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DATA: more luminous galaxies are more strongly clustered
LCDM: more massive halos are more strongly clustered
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LZ CONCLUSION: more luminous galaxies reside in more massive halos'!
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Cosmology Dependence
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Frank van den Bosch Yale University



Galaxy-Galaxy Lensing

The mass associated with galaxies lenses background galaxies
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Lensing causes correlated ellipticities, the tangential shear, v, which
is related to the excess surface density, A, according to

[ (R) e = AS(R) = S(< R) - 3(R) |

AY is line-of-sight projection of galaxy-matter cross correlation
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Galaxy-Galaxy Lensing: The Data

Number of background sources per lens is limited

Measuring shear with sufficient S/N requires stacking of many lenses

AX(R|L1,L2) has been measured using the SDSS by
Mandelbaum et al. (2006), using different bins in lens-luminosity

Mandelbaum et al. (2006)

Radius (h-!Mpc)
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How to interpret the signal?

Because of stacking the lensing signal is difficult to interpret

In order to model the data, what is required is:

L! Pcen(M|L) Psat(M‘L) B fsa,‘:(-l——/.)jJ

These can all be computed from the CLF...

Lz For a given <I>(L|]\}) we can predict the IensinngignalAZ(R!Lh Lzli
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i descr'lbes ’rhe facT ‘rha‘r dar'k ma‘r‘rer' haloes are clus’rer'ed as descr'lbed by

halo exclusion

Our Version of the Halo Model ‘ ’
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..but at the loss of accuracy
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The Galaxy-Galaxy Correlation Function
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The above equations describe the non-linear matter power-spectrum.
It is straightforward to use same formalism o compute power spectrum of galaxies:
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Comparison with Mock Catalogues

Ciomtos) T s Run numerical simulation of
° ° structure formation (DM only)

Identify DM haloes, and
populate them with galaxies
using a model for the CLF.

Compute galaxy-galaxy
correlation functions for
various luminosity bins.

Use analytical model to
compute the same, using the
same model for the CLF.

.’Our' model is accumfg

Y
i to better than ~5%
-1 0 —

log[r/(h-'Mpc)]
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van den Bosch et al. (2013)
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Residual Redshift Space Distortions

B

’ ~00 o0 ‘j
To avoid redshift space | rdr |
distortions, one typically uses ‘ wp = 2 / Eag(Tps 1) AT = 2 / Eae(T) S 5 |
projected correlation function L 0 o \/T —'p j
Because of limitations of data, , Tmax V7 e 1 7
one can only integrate out to ‘wp = / ggg(rm Tw) dr, # 2 / fgg(?“) rar |
finite radius, "max { / 4 \/rz _ rg_j;

The resulting, residual z-space distortions easily exceed 20% at r, ~20 Mpc/h
(Padmanabhan+07; Norberg+09; Baldauf+10)

[-18.0,-19.5] [-19.5,-21.0] [-21.0,-22.5]

© MOCK (L1000W)
non-linear

— — = linear 5.
’ We correct for these ;
residual redshift space

distortions using modified
' Kaiser formalism. This is
accurate to better
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Fiducial Model

Total of 16 free parameters:
- 9 parameters to describe CLF
- 5 cosmological parameters; €),,,, )y, 05, ng, h

- 2 nuisance parameters; ), 1
| Total of 176 data points.

WMAP7 priors on (), ng, h

Correction for residual redshift space distortions

Dark matter haloes follow NFW profile

Radial number density distribution of satellites }
follows that of dark matter particles.

Halo mass function, halo bias function and radial
bias function fromTinker et al. (2005, 2009, 2010).
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Results: Clustering Data
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Results: Lensing Data
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Cosmological Constraints

Bl WMAP7
Bl Fiducial

0.24 0.32

Cacciato et al. (2013)
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and then there was Planck...
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.Mandelbaum+13
+(687% CL)

Planck Thermal SZ
Planck SZ clusters
WMAP7

Planck CMB

CLF
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Cosmological Constraints from Peculiar Velocities

Constraints only from fog
measured from peculiar velocities

@ Peculiar velocities best fit
® WMAP+BAO+H, best fit

@ WMAP+SPT+BAO+H, Nfp = 3.8

0.2 0.3 0.4
Q. 2—0 Hudson & Tumbull (2012)
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Cosmological Constraints
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Degeneracies

usat(r|M) different from upm(r|M) “ I non-Poissonian P(Nsqt|M)

Bl WMAP7 Bl WMAP7
Il Fiducial . Il Fiducial
HEl Radial Bl Poisson

0.32

no Sloan Great Wall

B WMAP7 B WMAP7
Bl Fiducial . Bl Fiducial
Bl noRRSD Bl noSGCW

0.24 . . ; : 0.32

Cacciato et al. (2013)
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Conclusions

® Recent years have seen enormous progress in establishing
the galaxy-dark matter connection, including its scatter!

galaxy-galaxy lensing, clustering & abundance matching) now
i allyield results in good mutual agreement.

o Combination of galaxy clustering and galaxy-galaxy lensing
can constrain cosmological parameters.

This method is complementary to and competitive with BAO,

® Different methods (group catalogues, satellite kinematics, )
cosmic shear, SNIa & cluster abundances. ‘

Results in excellent agreement with CMB constraints from
WMAP7 with similar analysis by Mandelbaum+12, and with
recent peculiar velocity analysis by Hudson &Tumbull 2012...
[but tension w. Planck CMB]
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Halo Occupation Statistics

O YO0B: GC(DR4) : | O Y08: GC(DR4) [—] TNWWO7
Bl Fiducial . O Cooray (2008) [

[
o

™~
P
N
]
X -
p —
~
ol
| —
7))
9

satellite fraction

13 14
log[M/(h-! My)]

Cacciato et al. (2013)

Posterior on CLF perfectly consistent with results from
Galaxy Group Catalogues by Yang, Mo & vdB (2008).
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Covariance Matrix
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B Covariance matrix has block
B EEErEEEss diagonal form.
cosmological
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Little correlation between
cosmological parameters,
and other parameters.
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Cosmological Constraints
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0 h? Cacciato et al. (201 3)
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CLF parameters




Nuisance Parameters

Cacciato et al. (2013)
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Galaxy Clustering: The Data

different lLuminosity bins

[-18,—19]

[-21,-21.5]
[-21.5,-22]
[-22,-22.5]
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log(rp) [h-'Mpc] Wang et al. (2007)

More laminous galaxies are more strongly clustered
{More luminous galaxies are more strongly clustered:
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Occupation Statistics from Clustering

® Galaxies occupy dark matter halos
® CDM: more massive halos are more strongly clustered

® Clustering strength of given population of galaxies
indicates the characteristic halo mass

L.z Clustering sTrErTgTh measured by correlation length r, i
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Results from MCMC Analysis
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e ;--——————-.j Cacciato, vdB et al. (2009)
® Model fits data extremely well with

® Same model in excellent agreement with results x
{ from SDSS galaxy group catalogue B
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Galaxy-Galaxy Lensing: Results

"1 - - lT‘llI

T [19.-18)

WMAP1 =29.5

WMAP3 ’=3.1

R [h-'Mpc] Cacciato et al. (2009)

iCombination of clustering & lensing can constrain cosmology!!l
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Fisher-Forecasting
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Neutrino Mass
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Dark Energy

WMAP7 Priors
B Q,.n,.h
B ©.0,.h.0,.0,%,
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Dark Energy

Percival et al. 2010
Suzuki et al. 2012

Komatsu et al. 2011
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Comparison with other methods

vdB et al. 2003
Vikhlinin et al. 2009

Benson et al. 2011
Tinker et al. 2012

Lin et al. 2011

Komatsu et al. 2011
¢+WP+A2
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