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Clusters of galaxies as
cosmological probes

d The largest virialized sfructures - > stand
out observationally. Can be observed 1o
high redshifts.

T~107- 1P K, n~107, Lx~ 107" % ergs/s
components: 2~5% stars, ~10% gas, 85% - dark matter

CL 0016+16, z=0.55 . \ \
Priinbini il GRSy 0 Relatively simple objects - > modelable.

Thelr abundance and clustering are
exponentidlly sensitive 1o cosmological
parameters.

Upcoming observatfional cluster surveys:

Optical: RCS, DEEPH, SDSS BCGmax, DES
e N X-rays: MACS, 400d, XCS, DUO
AR ER NN OWINNESLE  Sunyaev- Zel dovich effect: AMIL SZA, AMIBA, ACT, SPT
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Cluster mass
function

1 Determined by the nonlinear
gravitational collapse in
expanding universe

O Can be accurately
mMmeasured in cosmological
simulations

1 Accurate analytic models
can predict mass function for a
given cosmology and epoch

Sheth & Tormen 1999
Jenkins ef al. 2001
Evrard et al. 2002
Bode et al. 2002
Hu & Kravtsov 2003



Cosmological constraints from
cluster counts as a function of redshift

requires knowledge of observable - mass relafion and ifs evolufion
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Cosmological constraints
using galaxy clusters

dTemperature function, n(T), at z=0
Henry & Arnaud 1991, Markevifch 1998, Pierpaoli eq. 2001, ikebe ef al. 2002
requires knowledge of the M- T relation

dBaryon mass function at z=0 and its evolution
Vikhiinin ef al. 2003, Voevodkin & Vikhlinin 2004

requires knowledge of Mgas - fofal mass relation and ifs evolufion

dUniversality of the gas fraction and angular size - distance test
Sasaki 1996, Pen 1997, Allen et al. 2002, 2004
requires assumption of universalify and non- evolution of bar. fraction

L Cluster counts as a function of redshift with upcoming large SZE
cluster surveys (e.g., Holder et al. 2001, Mohr et al. 2001, Weller ef al. 2002)
requires knowledge of SZ flux - fotal mass relafion and ifs evolufion



From cluster observables to cluster counts:
Lx - T relation
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From cluster observables to cluster counts:

M- T relation

Eke et al. 1996; Pierpaoli et al. 2001; Muanwong et al.
2002; Kay et al. 2003; Borgani et al. 2004; Rasia et al. 2004
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Calibration of mass - observable relations

[ The use of clusters as cosmological probes requires festing key
assumptions and calibration of mass - observable relations

1 Simple self - similar cluster models and "adiabatic' simulations fail
To reproduce observations at z=0

- > heed fo include additional physical processes: cooling, sfar formation,
stellar and AGN feedback (+ conduction, non- fhermal processes, ... 7)

- > heed fo mimick observafional procedures beffer and evaluafe
sysfematic effects and biases in observafions

4 Future large SZE cluster surveys can self- calibrate
(Majumdar & Mohr 2003, Hu 2003; Lima & Hu 2003)

however, this may be difficulf (e.g.., parameterizafion of evolufion is
uncertain) and one has fo pay the price for infroducing addifional free
paramefers






