The role of galaxy cluster simulations in the
current cosmological paradigm

Nick Battaglia
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Crossroads of
Cosmology & Astrophysics

“LSS we choose cosmology or astrophysics” -Peacock

“Baryons are scary” -Senatore

Simulations with calibrated sub-grid models are now in
pretty good agreement with some observations

Simulations are a tool for understanding and quantifying
the important gastrophysics, biases, and scatter in surveys




Systematics!

Prior to planck reached the systematics limit
e.g., Vikhlinin+2009, Vanderlinde+2010, Sehgal+2011...
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Systematics!

Limited by our knowledge of the pressure profile

(a) Equilateral panck con. xxi 2015
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Also higher
order meas.

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

N U mber COU ntS Or pOWGI’ SpeCtrU m Bhattacharya+13, Crawford+13
fgas e.g. Mantz+10

Cluster counts Selection function & Mass proxy

“Standard’” Measurements




Summary of astrophysical effects
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AGN feedback, z=0
— - 1.0x10"Mg<M,y,, <3.1x 10" Mg
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Non-thermal pressure support

VP =pg — —pGM(< r)i/r?

S — Lau+2013 for more detalls

--unrelaxed
— relaxed
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AGN feedback,z=0

— L1x 10" Mg<M,,, < 1.7x 10" Mg

1T x 10" Mg< My, <2.7x 10" Mg
2.7 x 10" Mg< My, <4.2x 10" Mg

42X 10" Mg< M, <6.5x 10" Mg

— 65x 10" Mg< M,,, < 1.01 x 10" Mg

— 101 x 10" Mg< M,,, < 1.57 x 10" Mg

—.— Shaw et al. 2010

— - Tracetal. 2010
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Non-thermal pressure support

VP =pg —> —pGM(< r)i/r?

1 Sutoetal. 2013 35
2a relaxed: Lau et al 2009

2b: unrelaxed: Lau et al 2009 30
3: Piffaretti & Valdarnini 2008
4a: CC: Burns et al. 2008,
Jeltema et al.08 20

4b: NCC: Burns et al. 2008
Jeltema et al. 08 c 15
5: Ameglio et al. 2009

6a: NR Kay et al. 2004 10

6b: feedback Kay et al. 2004
7: Rasia et al. 2004

8: Battaglia et al. 2012

Courtesy of Elena Rasia
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Example - Planck Cluster Cosmology
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Example - Planck Cluster Cosmology
Parametrized our ignorance
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Planck Ysz Mass Calibration History

A 02204

1.00

Pointecouteau+2005




Muse - Yx

Arnaud+2007
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Cluster Catalog

x RBC clusters
— Selection function ( My, z)
- = Selection function ( Myy,, z ) +/- 24%
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Cluster Catalog




RBC weak lensing mass calibration

m— NFW fit (0.5')

= = NFW fit (0.25")

m—— Fit to simulations (0.5’)

= = Fit to simulations (0.25')
® Weak lensing data
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RBC weak lensing mass calibration

NFW fit (0.5")
NEFW fit (0.25)
Simulation fit (0.5")
Simulation fit (0.25")

(Mx / MwD = 0.66*097,;
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l1015

Msqo [h79 M) from X-ray Simet+ 2015
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prior CCCP
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Scatter and sel. func. are im ortant
Yx Lx
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ICM inhomogeneities

Pressure fluctuations
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ICM inhomogeneities
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ICM inhomogeneities & tSZ PS

+ Clustering of clusters (Sub-dominant)



£(t + 1)Cy/(2r) at 150GHz [uK?]
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Cross correlate with lensing

ournal of Cosmology and Astroparticle 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 Murray3"":



Cross correlate with lensing

alytic theory, WMAPY
AGN feedback, WMAPY
Analytic theory, Planck 201
AGN feedback, Planck 2014
® & Hill & Spergel (2014)

2000

BHM 2014



Cross correlate with lensing

Analytic theory, WMAPY

AGN feedback, WMAPY

Analytic theory, Planck 2014

AGN feedback, Planck 2014

Van Waerbeke, Hinshaw, & Murray (2014)
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Cross correlate with lensing forecast
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Crossroads of
Cosmology & Astrophysics

Simulations are a tool for understanding and quantifying
the important gastrophysics, biases, and scatter in surveys

Insight into the many physical processes in clusters that
could cause astrophysical biases, e.g., HSE, clumping...

We have calibrated the L« -M relation used by Planck

Thank you



