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Summary:

« We learn about the dark side of the Universe (2, w) by cross
correlating CMB with large scale structure datasets:

: 3.69 0 away from 0 ,
: 2.5 oaway from 0
-> cosmological parameters ( 2., w)
—->note: constraints on QK is made without any priors on H,

» We connects galaxies to clusters by
investigating the for LRGs
->We also find the merging timescale of LRGs!

« We learn about the baryons via SZ imprint on the CMB

-> finding missing baryons,

-> understanding distribution of gas around different types of galaxies,
—> gas temperatures,

—> quasar energy inputs.

* A lot to gain by cross-correlating CMB with large scale structure using
ISW, WL of CMB, kSZ and tSZ.



Outline

« Motivations —— Why am | doing this?

« Dark side of the Universe:
Integrated Sachs Wolfe (ISW) Effect
Weak Lensing (WL) of CMB

-> Cosmological constraints from ISW and WL of CMB

» Bright side of the Universe:
Halo Occupation Distribution
—-> Connecting the galaxies to the cluster

Sunyaev Zeldovich (SZ) Effect

-> Finding Missing Baryons, Gas profiles, Energy input from Quasars



Motivations:
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Motivations:

z~ 1010; Baryongenesis
z~1100: CMB

Z~6: Lyman alpha forest
z~0: stars and galaxies

—> MISSING BARYON Problem
(Fukugita & Peebles 2004)



Outline

« Motivations -- Why am | doing this?
» Dark side of the Universe:

Weak Lensing (WL) of CMB

-> Cosmological constraints from ISW and WL of CMB

» Bright side of the Universe:
Halo Occupation Distribution
-> Connecting the galaxies to the cluster

Sunyaev Zeldovich (SZ) Effect

-> Finding Missing Baryons, Gas profiles, Energy input from Quasars



Physics of ISW:
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* As ®>0 and a blue-shift is observed in overdense (®<0) regions.
Thus we see a positive correlation between CMB temperature and density.



Cross power between galaxies and T,g,
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Large scale structure samples

0s01 NVSS

SH, Hirata, Padmanabhan & Seljak (2007)



Redshift distributions

b(z)*dN/dz

30

0o
o
!

._.
o
!

0.1

1
z SH, Hirata, Padmanabhan & Seljak (2007)



ISW Systematics

Dust extinction

Stellar density contamination
Galactic foregrounds (add to CMB)
Point Sources (add to CMB)
Thermal SZ (add to CMB)

SH, Hirata, Padmanabhan & Seljak (2007)



Physics of tSZ:

-Thermal Sunyaev Zeldovich:

electrons interact with photons!

—-> a incre/decrement of the photon energy depending on the
and the frequency of photons
-> correlations between the overdensity and the temperature of cmb
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ISW Systematics (tSZ)

e 1-halo term
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Systematics’ mini conclusion

» After a long list of systematics check,
we identify the |-bins that are not
contaminated by any of the above
mentioned effects and take:

e 2nd I-bin to | (k=0.05)
* For all of the samples.
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ISW Cross correlatlons
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ISW Cross—correlations

Sample | sigmas

2MASSO0: 0.19

2MASS1: 0.43
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Outline

« Motivations -- Why am | doing this?

« Dark side of the Universe:
Integrated Sachs Wolfe (ISW) Effect

-> Cosmological constraints from ISW and WL of CMB

» Bright side of the Universe:
Halo Occupation Distribution
-> Connecting the galaxies to the cluster
Sunyaev Zeldovich (SZ) Effect

-> Finding Missing Baryons, Gas profiles, Energy input from Quasars



Physics of WL of CMB

Courtesy images from Max-Planck
Institute for astronomy of Heidelberg
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Here d is the deflection field, « is the convergence and
IS a projection of the matter density perturbation



WL of CMB

 CMB lensing map :

Hirata, SH, Padmanabhan & Seljak (2007)



Weak Lensing of CMB

Arc =0.72+/- 0.76

LRGxVV
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Weak Lensing of CMB

QSOxTT
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Weak Lensing of CMB
Anyse =1.11+/-0.52
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WL of CMB: Systematics!

List of systematics:
 Beam ellipticity
» Galactic foregrounds
« Extragalactic foregrounds:
a) point sources (radio, infrared)
b) tSZ
c) kSZ
d) ISW

e) correlations between different

foregrounds (gal-radio-ir, gal-ps-tSZ7)
Hirata, SH, Padmanabhan & Seljak (2007)



Outline

« Motivations -- Why am | doing this?

« Dark side of the Universe:
Integrated Sachs Wolfe (ISW) Effect
Weak Lensing (WL) of CMB

» Bright side of the Universe:
Halo Occupation Distribution
-> Connecting the galaxies to the cluster

Sunyaev Zeldovich (SZ) Effect

-> Finding Missing Baryons, Gas profiles, Energy input from Quasars



Cosmological parameters

3 models:

a) LCDM

b) CDM + Q(allowing curvature)
c) CDM + w

More Constraints especially for
cosmological models that have
interesting behavior at high redshifts



- LCDM

~ WMAP
parameters

~ smaller error

than using
only WMAP
primary
anisotropies
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CDM+ 2,

*Testing the
flatness of
universe!

*Using:

1) CMB (primary)
2) Galaxies (as
mass tracer)

3)Weak Lensing
(indep. mass
tracer)
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Outline

« Motivations -- Why am | doing this?

« Dark side of the Universe:
Integrated Sachs Wolfe (ISW) Effect
Weak Lensing (WL) of CMB

-> Cosmological constraints from ISW and WL of CMB

- Bright side of the Universe:

Sunyaev Zeldovich (SZ) Effect

-> Finding Missing Baryons, Gas profiles, Energy input from Quasars



Luminous Red Galaxies and
Clusters

Questions:

 Given a dark matter halo of mass M, how
many luminous red galaxies are there?

 How long does it take for the galaxies to
merge/disrupt?
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Number of clusters
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Number of clusters
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LRG merging timescales
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Outline

« Motivations -- Why am | doing this?

« Dark side of the Universe:
Integrated Sachs Wolfe (ISW) Effect
Weak Lensing (WL) of CMB

-> Cosmological constraints from ISW and WL of CMB

- Bright side of the Universe:
Halo Occupation Distribution

-> Connecting the galaxies to the cluster



Physics of kinetic SZ:

-Kinetic Sunyaev Zeldovich: oT Vo
ke = —fneGT(—° n)dl
. . cmb ¢
1)electrons interact with photons!
-> a i/decrement of the photon vV
energy depending on the direction |
Of the VElOCitieS. BEFORE ‘ ..’ - \‘ﬂl .E.FTEEWW
-> amount of ionized electrons .. @~ % . » g
-> baryon fraction in the universe. \ F

“Galay Cluster



kSZ estimator

SH, Dedeo & Spergel (2007, in prep)



KSZ Applications!

Applicable to CMB with LSS survey, such as:
1) ACT(with SDSS),
2) SPT (with BCS/DES) and
3) PLANCK (with ADEPT, LSST)

In particular: ACT and SDSS
1) SDSS equatorial stripes
2) ACT: (Atacama Cosmology Telescope)

we used the ACT specifications for its noise
and beam size, 100 square degrees for the
S/N analysis.



KSZ
S/N Analysis

N-body simulations
+ basic cosmological parameters

add in the poisson noise-> get a galaxy surface density
| |

Generate ksz template( and realizations of it)

<(Tcmb +Tksz,realiz | Tksz,temp > >

SH, Dedeo & Spergel (2007, in prep)



KSZ
predicted S/N

» 100 realizations of ksz
« 100 square degree of ACT only
» Overlap of galaxy survey in same region

« —>S/N of 30!

* Promising tool for finding the missing
baryons!



There is more you can do
with SZ!



kSZ and gas profiles

SH, Dedeo & Spergel (2007, in prep)



tSZ and gas temperatures

Use kSZ to find out

a) gas fraction b) gas distributions

Predict the tSZ signals from (a) and (b)

The only free parameter is T, in the galaxy

Cross-correlate the predicted tSZ template
with the CMB

-> <T,,,> of galaxies in question

SH & Spergel (in prep)



tSZ and Quasars

Plate 0272, Fil?%[d%?ﬁ, MJD 51941, raﬁéaﬁESBdD. dec = ﬂggﬁg?

e Quasars are heating
up the gas

e -> <E> input from
Quasars to the gas

f, (10-'7 erg/s/em®/A)

Chatterjee, SH, Spergel &
Kosowsky (in prep)
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Summary:

« We learn about the dark side of the Universe (2, w) by cross
correlating CMB with large scale structure datasets:

: 3.69 0 away from 0 ,
: 2.5 oaway from 0
-> cosmological parameters ( 2., w)
—->note: constraints on QK is made without any priors on H,

» We connects galaxies to clusters by
investigating the for LRGs
->We also find the merging timescale of LRGs!

« We learn about the baryons via SZ imprint on the CMB

-> finding missing baryons,

-> understanding distribution of gas around different types of galaxies,
—> gas temperatures,

—> quasar energy inputs.

* A lot to gain by cross-correlating CMB with large scale structure using
ISW, WL of CMB, kSZ and tSZ.



Motivations:
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