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Abstract: <p>High resolution CMB experiments, such as ACT, SPT, and the Planck satellite are making precision measurements of the secondary
anisotropies caused by the therma Sunyaev Zel'dovich (tSZ) effect from galaxy clusters. However, our ability to obtain cosmological information
from thistSZ signal is limited by our theoretical understanding of the baryons in clusters and groups. | will discuss how cross correlation methods
are providing new windows into the messy &oegGastrophysicsa€s of the intracluster medium and the potential for these methods to constrain various
cosmological parameters.</p>
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Parameter Best fit 68% limits
Qbh2 0.022069 0.02207 £ 0.00027

Primary CMB
The foundation of Q.h? 0.12025  0.1198 + 0.0026

modern cosmology 1000\ ¢ 1.04130 1.04132 + 0.00063
T 0.0927 0.0917001%

Mg 0.9582 0.9585 + 0.0070
ln(lOlOAs) 3.0959 3.090 £+ 0.025

Planck Collaboration 2013
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BICEP2 B-mode signal
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Galatic Synchrotron & Dust
Radio and Dusty point sources
Lensing

SZ sources

«Secd darlg$‘i

'-G‘arfr"W-e.-: b'on
“What are tt
'

Planck Satellite (ESA)

Page 5/44



CMB scattering sources (secondaries):
Thermal and kinetic SZ effect
CMB lensing deflects photons
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I ACT 148x148 (1SZ Radio Poisson
e —  Total kS CIB Poisson
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Thermal Sunyaev-Zel'dovich Effect

® |nverse Compton scattering of CMB photons
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Thermal Sunyaev-Zel'dovich Effect

® Secondary anisotropies in the CMB

Kinetic SZE
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ACT-CL J0102-4915, z=0.870
tSZ sources

Hot dense objects
like galaxy-clusters

Y ~ fy dA «. M85,

AR
Growth of strutture..

. Optical +IRAC 3.6;m and 4.5:um

Pirsa: 15040084 Page 11/44




Pirsa: 15040084

“Standard’ Measurements

Number counts or power spectrum
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. i Also higher
Standard’” Measurements S

e.g. Wilson+13, Hill+13,

N U m ber CO U ntS Or power SpethU m Bhattacharya+13, Crawford+13
fgas e.g. Mantz+10

Cluster counts Selection function & Mass proxy

Cims? [ a2 g 1002

+ Clustering of clusters (Sub-dominant)
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Modeling the ICM

Simulations or (Semi)Analytical

e.g. Da Silva et al 2000, Springel 2001, Bond et al 2002, BBPSS 2010 e. g. Komatsu & Seljak 2001, Ostriker et al. 2005, Bode et al
McCarthy et al 2014 ?(]69[1?}. Sehgal et al 2010, Shaw et al 2010, Trac et al 2011

PkiN,
® Asphericity and sub-structure

" . y - A \ . .\
“- Markevitchr et al 2006

Page 14/44



Pirsa: 15040084

X-roads Cosmology & Astrophysics

| |
Alternative:

observed scaling relations
e.g. Sifon et al. 2013
still marginalized |
over biases

|
0.4

Hasselfield et al 2013

Status of cluster
cosmology

Limited by uncertainty
in the Y-M relation &
Pressure profile
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State of primary CMB

Planck (2013)

ACTPol (2014, ~650 hours)
SPTPol (2013/14)

BICEP2 (2014)

PBear (2014)

1

220 400 650 1000 1500 2250 3000 4000 5000
Multipole ¢

Courtesy of Lyman Page | =

Pirsa: 15040084 Page 16/44



State of tSZ PS

SPT

Story 2012
Reichardt 2012 «

WMAP .

Bennett 2012
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State of tSZ PS

I ACT 148x148 --- SZ Radio Poisson
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Planck y-map

NILC tSZ map
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What’s going on with CMB secondaries?

x Planck Coll. XXI 2013 o
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What’s going on with CMB secondaries?

o rona Vary feedback
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What’s going on with CMB secondaries?

% Planck Coll. XXI 2013
Planck Coll. XVI 2013 + WP + Hig
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What’s going on with CMB secondaries?

Gastrophysics? for tSZ P profile
CIB contamination and IR fill in?
New physics?

Mass function?
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Simulation Pin Profile
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Total thermal energy

RJG:’J

we AGN feedback
Radiative cooling
Shock heating

Fit to old sims3

— Arnaud et al. 2009
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Planck P Profile
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SPT X-ray P Profile z > 0.3

McDonald et al. 2014

P/Puo/<f(M)>
o

o

— Plonck+13, <z>=0,17, 42 — This work, <2>=0.47
== Dolog in prep, <2>=0.28 == Dolog in prep, <z>=0.46
== Bottoglio+12, <z>=0.20 =« = Bolloglio+12, <z>=0.50

— This work, <z>=0.82

== Dolog in prep, <z>=0.84
== Bolloglio+12, <z>=0,75

0
£
0
~
O
R
O
O

Page 26/44



It’s not just the power spectrum

Hill+2014 . ACT
. | — ML model
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Cross Correlation with X-ray clusters

clusters , _
catalog  © efesEEe _esars 201 |
Used the raw Planck at 100-857 GHz
Also used the WMAP9 94 GHz
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Cross spectra
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Cross spectra constraints
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WMAP9

[O] 1% constraints
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RBC weak lensing mass calibration

w— NEF'W fit (0.5)

= = NFW fit (0.25")

it to simulations (0.5)
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RBC weak lensing mass calibration

NFW fit (0.5
NFW fit (0.25')
Simulation fit (0.5")
Simulation fit (0.25")
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Discrepancy at £ = 30007
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= AGN feedback
= = Tracetal 2011
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Cross correlate with lensing

ZOurnaI of cosmolo=y and Astro: article Physics
An IOP and SISSA journal

Detection of thermal SZ-CMB lensing
cross-correlation in Planck nominal
mission data

J. Colin Hill and David N. Spergel

PHYSICAL REVIEW D 89, 023508 (2014)

Detection of warm and diffuse baryons in large scale structure
from the cross correlation of gravitational lensing
and the thermal Sunyaev-Zeldovich effect

Ludovic Van Waerbeke,"" Gary Hinshaw,'*' and Norman Murray"“""
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Cross correlate with lensing

® CMB lensing.
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Cross correlate with lensing
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Cross correlate with lensing

| I
Analytic theory
Analytic theory (1-halo)

Analytic theory (2—halo)
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Cross correlate with lensing

| |
y ® CMB lensin

Ahalytic theory, WMAPY
AGN feedback, WMAPY9
Analytic theory, Planck 2(}1,
-= AGN feedback, Planck 2014

® & Hill & Spergel (2014)
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Cross correlate with lensing

Analytic theory, WMAPY
AGN feedback, WMAPY
Analytic theory, Planck 2014
==  AGN feedback, Planck 2014
i ’ Van Waerbeke, Hinshaw, & Murray (2014) =
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AdVACT + other surveys
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Cross correlate with lensing forecast
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The Primordial Inflation Explorer
(PIXIE): A Nulling Polarimeter for
Cosmic Microwave Background

Observations v:-1105.2044

A. Kogut' D.J. Fixsen'? D.T. Chuss' J. Dotson® E. Dwek' M.
Halpern G.F. Hinshaw' S.M. Meyer® S.H. Moseley' M.D. Seiffert®
D.N. Spergel” and E.J. Wollack'
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1.0
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PIXIE

non-relat

relativistic

ivistic

Same formalism as before
All sky <y> including relativistic
corrections
<Y> = <Y>|GM + <Y>Reion +
<Y>Halo + <Y>Exotic
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