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Introduction

The Initial Motivation

Cross-Correlation of CFHTLenS Galaxy Number Density
and Planck CMB Lensing
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12 February 2015

A. Kuntz (ENS Ul

ABSTRACT
We measure the cross-power spectrum between galaxy density from Canada-France-
Hawaii-Telescope Lensing Survey (CFHTLenS) catalogues and gravitational lensing
convergence from Planck data release 1 (2013) and 2 (2015). We investigate three
main galaxy samples: 18.0 < 14p < 22,0, 180 < 145 < 23.0, 180 < 14 < 240
in the redshift range 0.2 < z < 1.3 in each of the four CFHTLenS wide fields.
By comparing the measured c spectrum with model predictions, linear galay-
dark matter biases of b = U.E{‘ng N H‘Kt:: :'; 0. 82"'“ “’ are inferred at ‘110111f1(z\11({5 of
3.5,4.5, 5.6 using the Planck 201! 11(]&\_ . These rements are marginally consis-
tent with biases derived from galaxy-galaxy auto-correlations: b = 1.15 002 1.0810-01
¥ Y01 —0.01
and 0961701 respectively. Using the 2013 Planck relea

VT
1335050 1197053 11670 14, showing significant differences between the releases.

we obtain biases of b =
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Introduction

Aims of my Internship

@ Achieve a good comprehension of the cosmological perturbation
theory and of the halo model (I month1/2)
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format them in a sky map, and perform simulations (1 month)

@ Use a bayesian analysis to fit galaxy bias from the correlation of the

two maps (1 week)

e Write an insternship report and a presentation (2 weeks)
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Theoretical Cosmology = Cosmological Perturbation Theory

e Theoretical Cosmology

@ Cosmological Perturbation Theory
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Theoretical Cosmology = Cosmological Perturbation Theory

Friedmann-Lemaitre Model

o ds? = c?dt? — 2% (t) dx?
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o ds? = c?dt? — 2% (t) dx?
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e Friedmann equations :

2+ke? _ 8wGp+NAc?
az 3

1= (prB) +
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Friedmann-Lemaitre Model

o ds? = c?dt? — 2% (t) dx?
@ Physical coordinates : r = a(t) x

e Friedmann equations :

2+ke? _ 8wGp+NAc?
az 3

— 47rG(p+ )_’_/\TC2

WL

e Solution : p = wpc? = p x a—31+W)
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Theoretical Cosmology = Cosmological Perturbation Theory

Perturbation Theory

° p(x,t) =p(t) (L +6(x,1))
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Theoretical Cosmology = Cosmological Perturbation Theory

Perturbation Theory

° p(x,t) =p(t) (L +6(x,1))

o Linear solution : d (x,t) = D; (t) A(x)

e Non-linear solution : & (k, t) = S an (t) 6, (k)
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Theoretical Cosmology = Cosmological Perturbation Theory

Linear and Non-Linear Scales
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Wkl ———— Halo model
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- Smith et al.
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Theoretical Cosmology = Cosmological Perturbation Theory

Correlation Function and Power Spectrum

@ Primordial quantum fluctuations and

inflation = Gaussian initial conditions
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Theoretical Cosmology = Cosmological Perturbation Theory

Correlation Function and Power Spectrum

Primordial quantum fluctuations and

inflation = Gaussian initial conditions

o Gravitational instability

§(r) = {0 (x)d(x+r))

(6 (k)& (k")) = (2m)° 3 (k + k) P (k)

and higher order : B, T...

A. Kuntz (ENS Ulm) Correlation of CFHTLenS and Planck 07/08/2015 9 /57



Theoretical Cosmology Gravitational Lensing and Galaxy Density

e Theoretical Cosmology

@ Gravitational Lensing and Galaxy Density
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Theoretical Cosmology Gravitational Lensing and Galaxy Density

Lens Equation

@ « given in General
Relativity

@ Lens equation :

0= f(0s)

Yy
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Theoretical Cosmology Gravitational Lensing and Galaxy Density

[[lustration

Figure: Distortion of an extended source by a point-like lens
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[[lustration
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Theoretical Cosmology Gravitational Lensing and Galaxy Density

Effect on the CMB

@ Deformation of the photon paths
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Theoretical Cosmology Gravitational Lensing and Galaxy Density

Effect on the CMB

@ Deformation of the photon paths

o k(0) = [o"™M W" (x)6(x0, x) dx
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Theoretical Cosmology Gravitational Lensing and Galaxy Density

Galaxy Overdensity

o 58% (x0,x) = b(x) 4 (x0,x)
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Galaxy Overdensity

o 58% (x0,x) = b(x) 4 (x0,x)

0 g(0) = [ WE(x)d(x0,x)dx

o WE&(x) o< b(x)
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Theoretical Cosmology Gravitational Lensing and Galaxy Density

Lensing kernels

We, W

- WY
—— W

2.0 2.5 3.0
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Theoretical Cosmology Cross-Correlation

e Theoretical Cosmology

@ Cross-Correlation
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Theoretical Cosmology Cross-Correlation

Spherical Harmonics and Correlation

PE%
*#&%m o 1(8) = X im Y™ (8) and

g (0) = Zlm 8im Ylm (0)

2 34 e

O (Kim& ) = 01 Omm €8

° C,Hg:

[ dx W~(X>1;/Vg(x)p (k 1 Z(X))

1€ x 108
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Theoretical Cosmology Cross-Correlation

Covariance

)

e Covariance : X8 = <leg(f'ljg> - <C‘I’l‘?g> <C"fg>
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Theoretical Cosmology Cross-Correlation

Covariance

o Covariance : 3% = <C‘fg(f'fg> - <C‘I’l‘?g> <C"fg>

y i lj

° Zz.g = Gaussian Term + Non-Gaussian Term
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Theoretical Cosmology Cross-Correlation

Covariance

o Covariance : L% = <leg(f'ljg> - <C‘I’l‘?g> <C"fg>

° Zz.g = Gaussian Term + Non-Gaussian Term

@ Non-Gaussian term involves T = (§ (k1) 9 (k2) 0 (k3) 0 (ka))
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Theoretical Cosmology Cross-Correlation

Correlation Matrix

Corr%?
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Theoretical Cosmology = The Halo Model

e Theoretical Cosmology

@ The Halo Model
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Theoretical Cosmology

Spherical Collapse

The Halo Model
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Theoretical Cosmology = The Halo Model

Spherical Collapse

Expansion

Turnaround

@ dsc = 1.69

sravitational collapse

Virialization

OO0
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Theoretical Cosmology = The Halo Model

Spherical Collapse

Expansion

Turnaround

@ dsc = 1.69

@ pPhato = Asc Pbackground A ~ 340

sravitational collapse

Virialization

OO0
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Theoretical Cosmology = The Halo Model

Ingredients

Log,o(M/h""M,)
T T

' y(x)
er e ACDM - WEN\NFW
% ) ]
‘é‘ -6 - - l;olhsrmnl
Z'%, FOF groups
2 ]{:gm(ﬂ/h":dl‘i.) s
n(m,z) Press & Schechter (1974) p (r;m) NFW profile (1997)

S (X,2;m) = 3 4og bk (M, 2) 8 (x)* /k! Mo & White (1995)
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Theoretical Cosmology = The Halo Model

Correlation Function

@ ptot (X) = Z,‘P(X — Xi, mi)
1-halo

2-halo
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Theoretical Cosmology = The Halo Model

Correlation Function

@ ptot (X) = Z,‘P(X — Xi, mi)
1-halo

e {(r)= <7p(x)p_(2x+r)> -1

p

2-halo
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Theoretical Cosmology = The Halo Model

Correlation Function

® prot (X) = 32 p(x — xi, mj)

1-halo

p?

o £(r)= <P(XP(X+’)>_]_

2-halo
o (p(x)p(x+1) =

1-halo term + 2-halo term
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Theoretical Cosmology = The Halo Model

Power Spectrum

10
10° | i
10° 1 .
= Credit :
T ol ] Cooray &
Sheth (2002)
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Theoretical Cosmology = The Halo Model

Trispectrum

Toinn (k1. —k1, ka, —kp) = T 4 T2h 4 730 T4h
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Data Maps  Galaxies

e Data Maps

@ Galaxies
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Data Maps  Galaxies

The CFHTLenS Catalogue

@ Analysis of the CFHT Legacy Survey specialized in the production of a

galaxy catalogue for lensing measurement
@ CFHTLS : 171 MegaCam pointings 2003-2008, more than 2300 hours
e 4 patches, 154 deg?®

@ Galaxy catalogue and accurate photometric redshifts :
o~0.04(1+2z)

0 02<z<13and 18 < isg <24
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[PEYERVET Galaxies

Redshift Distribution
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Data Maps  Galaxies

Healpix

o JPL / NASA

o Pixels of equal area
@ Iso-latitude

@ Interface in Python

@ 1 pixel = 1.7 arcmin
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Data Maps  Galaxies

Healpix pixel
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Data Maps  Galaxies

o Weight : w; = Supasied

K Stot

Healpix pixel
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Data Maps  Galaxies

- o Weight : w; = Sunmasked

K Stot
e Galaxy overdensity :
5 = Ni/wi—{N)

Healpix pixel (/i\l>
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Data Maps  Galaxies

o Weight : w; = 75“”5"35“"

tot
e Galaxy overdensity :

o 5 = Ni/wi—(N)
Healpix pixel ! (N)

o i =15.1 gal / arcmin®
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Data Maps Galaxies

Mask
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[PEYERVET Galaxies

Galaxy Map
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[PEYERVET Galaxies

Galaxy Map

| e——
-1.000 2.917
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Data Maps  Galaxies

014
J— IEC;N

ol -- PO PN )

0.10 /" | @ Poisson process : Shot noise
o 0 - | |
E.T //,’ o C[gg — Clgg + ngg, ngg _ 1/n
~ 0.06 > | 7 . .

(7 in galaxies / steradian !)
0.04 P |
/ @ Small effect
0.02 |
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[PEYERVET Convergence

Outline

e Data Maps

@ Convergence
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[PEYERVET Convergence

Convergence Map
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[PEYERVET Convergence

1 @ Obtained from the Planck

. | simulations

1 e Dominant over C/* |

P — .
( 400 800 1200 1600 2000
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[PEYERVET Convergence

A Consequence of the High Level of Noise

K 1 (271')2 KK KK K, 2 T,
= iy | () (o o)+ (6)) + 7
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Results ~ Bayesian Analysis

e Results

@ Bayesian Analysis
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Results ~ Bayesian Analysis

Bayes Theorem

(8 =Axbx(C*

CP =bp?x C®
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Results ~ Bayesian Analysis

Bayes Theorem

(8 =Axbx(C*

CP =bp?x C®

o P(Ab]| C)=EALFCIAD

P(C| A,b):./\/’exp{f% (f:f C(A,b)) ! (c":f C(A,b))}
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Results ~ Bayesian Analysis

MCMC 2013
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Bayesian Analysis

Results

Correlation of CFHTLenS and Pla
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Results ~ Bayesian Analysis

Best-Fit Values

2013 2015
Patch A b X2 /v A b X2 /v

Al | 1.05%912 0937032 47.2/36 | 0.867912 0.927032 37.4/36
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Results ~ Bayesian Analysis

A =086, b=0.92 (2015)
- - - A=105 b=003(2013) []
I $  Data (2015)

T Data(2013)
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o ! 1
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Results ~ Bayesian Analysis

-
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Results Consistency Checks

e Results

@ Consistency Checks
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Results Consistency Checks
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Results Consistency Checks
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Results Consistency Checks

Recovered A and b
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Conclusions

Outline

e Conclusions
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Conclusions

Summary

@ Learned Cosmological Perturbation Theory and Halo Model
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Conclusions

Summary

Learned Cosmological Perturbation Theory and Halo Model

Implemented a Python program to compute the trispectrum in the

halo model

Created a galaxy and convergence map

Used a Bayesian analysis to fit a galaxy bias

Performed consistency checks
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Conclusions

Conclusions

e b=0. 92+8 83 good tracers of matter

o A%13 — 1057012 and A?915 = 0.8670 12 : compatible but different

e Partly confirm Omori & Holder (2015)
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Conclusions

Forthcoming Work

o SDSS data : much better

coverage of the sky

o If still a difference :

investigate !
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Conclusions

Questions 7 Comments 7
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Conclusions

Thank You CFHT |
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