Dark Energy from Clusters

Volume element V(Z)

Growth factor D(Z)
dN(M,Z) _ I/l(M,Z) dV(Z)

Sky counts

dz dz
Spatial clustering ghh (7‘) = bz(M,Z)gpp (7’)



model framework

 halo characterization from simulations
space density : dn(M,z)/dInM (£10% in number)
clustering : E(r|M,z) (£20% in large-scale bias)
(rIM,z), o44(rIM,z) (2)

form of scaling relations : p(ys;,N IM,z) (2)

internal structure: p,(r|M,z), T

galloo

e predictions for specific world model require

- observable-mass relation
g( OintI M’ < ) : Oint = [ Ysz: Ngal’ LX’ TX’ ]

- effects of sky projection
p( Oobs | Oint )



ART simulations of integration thermal SZ effect
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expected counts in thermal SZ

dn(z)

dM dM

2aT o0 oo
d°N(z) _ _«c Dﬁ(l+z)2/ f(o,z)dof g(O|M, =)
Assumptions: dzdQ2— H(z) Omin 0

e virial temperature-mass relation zero scatter (T o T, (14 2)==L MYE
Sefn S-Sl - “Hyir -
lensing calibration: AE=0.05, A¢=0.07
* no baryon loss My = (2, /Q,) M,

* no source confusion from CMB or point sources
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fiducial cluster constraints

Too aggressive?

3 | — T T T T ]
o(wg) o(w,) olwolw,) ,
061 171 021 BAO | - no scatter in gy | M,z)
042 127 0.13 Clusters . .
er 030 076 004 wL 7 - selection function perfectly known
0.16 0.68 0.06 SN |
0.08 0.28 0.005 Combined - 100% completeness (no missed halos)
al , |
L - 100% purity (no false positives)
~
At -
||qu
= | | Too conservative?
- no "self-calibration’
2 f . shape of counts, dn(y| z), ignored
clustering of sources ignored
P2 Y - Y 0

- no joint SZ+optical information

- no strong external constraints



forecasts for SPT + DES + (fictitious) X-ray mission

Fo(0.5—2.0keV) > 3 x 10714

0.61
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0.30
0.16

a(wg) alw,) a(w,)a(w,)

1.71
1.27
0.76
0.68

0.21 BAO

0.13 Clusters
0.04 WL ]
0.06 SN

0.005 Combined

physical model (core entropy) links

X-ray and SZ observations
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more statistical power available in optical sample
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The Cluster Selection Function

We consider the detection of a cluster of richness R, as a 2-step process:

1.

The hope i1s that the selection function P(R

There 1s some probability P(R,, /m) that a halo < R > 1t (MM
hosts R, . galaxies (HOD). true |

Given that a halo hosts R, galaxies, there is a ;
probability P(R,,R,.,.) that the halo is detected as (R,,,) = By(R,..)

a cluster with R, galaxies (selection function).

The selection function and the HOD fully specify the mass-richness
relation for the observed cluster sample.

bl Rirue) €0 be shown to be a

property of the cluster finding algorithm when richness (galaxy membership)
is suitably defined.



An Example From Simulations

Noise
(catastrophic errors)

Noise
(catastrophic errors)




Results from the Calibration of the
Selection Function in Simulations

* The maxBCG sample 1s both highly
pure and complete.

* The selection function P(R_, | R...)
varied as simulation methods were
refined. l

Main difficulty for analyzing real data:
we must use very generous priors.

l

Forces us to use cosmology/HOD priors

Q h’=0.128+0.010, h=0.73+0.05,
and oo=1.0+0.15




Results
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G, = 0.93+0.10
o = 0.83+0.06

Cluster Counts
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Statistical power of 1% on principle component
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Conclusions

» central values: Oy 1s higher, a is lower than previous studies.
* Error bars are generous. Values are consistent with most existing studies.

* Error bars represent an improvement relative to most previous analyses,
as they are marginalized over €2_ and 4.

* We need to improve the robustness of the selection function: this involves
improving the simulations and refining the criteria for cluster membership.

* Even 1n the absence of detailed knowledge of the selection function, the
data is strong enough to derive some cosmological constraints.

 These constraints are going to improve as we include additional data (e.g.
weak lensing).



