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Comparison of Galaxies and Clusters as
Dark Matter Halos

Galaxies

galactic
Winds

/
heating

£

star formation

* cooling of
the gas

* baryon segregation

Complex relation between observable stellar population and
dark matter halo

Clusters The intracluster gas
IS heated when the
cluster forms and

~gas M  does not cool
thermalized - ' # R —itstill reflects the
« galaxies virialized 2 M potential depth.
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* negligible energy
dissipation



Cosmology with Clusters from the ROSAT
All-Sky X-ray Survey
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Combined REFLEX & NORAS Survey
Extragal. ALL-SKY RASS Survey REFLEX I 918 clusters
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zlregshift units!

3-Dimensional Distribution of the ROSAT Clusters
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missing flux (Rsw)

Missing Flux and Flux Error
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Bohringer et al. 2012 in prep
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the fit is very close to a square root
function
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REFLEX Il Selection Function

effective flux limit
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Completeness Test with Photon Number

Statistics
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Statistics of the clusters detected with a certain number of source photons
compared to the prediction from the logNlogS and REFLEX |l sensitivity map
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Details of Source Evaluation

Galaxy cluster and soft point source
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Cluster Identification Based on X-ray and
Optical Data

X-ray properties
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number of clusters

Redshift Distribution and Survey Volume
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Cosmological model
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h(z)™™® Ly < Ry (10* erg s7')

total luminosity

LX — M Relation (bolometric)
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h(z)™™® Ly R < Ry (10" erg s7')
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One has to correct for a
small Malmquist bias,
because the more
luminous clusters have
a slightly larger
detection volume.

107K
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REXCESS Malmquist bias corrected @ 1
L ]
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Observed and Predicted X-ray Luminosity
Function

REFLEX | survey (Bohringer et al. 2002) fit of the prediction from
a concordance model € =0.29, oz =0.79 to the REFLEX | XLF
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Constraints from cosmological model predicted
and observed X-ray luminosity function

REFLEX | survey (Bohringer et al. 2002, 2010)

0.40

0.35
£ 0.30 ., =0.28 +-0.05
- og =0.79 +- 0.04
0.25 statistical errors
+- 0.05 for
0.20 systematics
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REFLEX Il Power Spectrum (LCDM-Cosmology)
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REFLEX Il Power Spectrum (biasing)

The amplitude of the P(k) increases with increasing lower mass limit

106 - ||IIII|

REFLEX II

[ Ié‘JIII!J

ki
10° - §
Y
N +. 18
Y %@
! EXY
e [,20.015x10% erg s~th™2\_
104 —

o L,20.154x10% erg s 'h-?
m [,=20.245%x10%* erg s 'h=2

Power Spectrum P(k) [(Mpc h1)3]

| [

| \IIIII‘

0.05 0.1
Wavenumber k [h Mpc-!]

Relative bias r(Ly)

1.6

1.4

e Mocks

[ o REFLEX II

— Prediction REFLEX II
—-Prediction VLS 7

raal 1 ool

0.1 1
Luminosity L, [10%*erg s™! h—?]

Increase of the amplitude
(above) for 6 volume
limited subsamples

L, [10% erg st h-?]

0.1 g

0.01 1 in

10 EIull

o b b b | crrna ey

0.04 0.08 0.12 0.16 0.2
Redshift z



X-ray Galaxy Cluster
Scaling Relations
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The REXCESS Cluster Sample

(The Representative XMM-Newton Cluster Structure Survey)

Cluster selection:
- only by Ly (and z)
- ~homogeneous Ly coverage

0.4 — 20 10** erg/s (0.1-2.4 keV)

= 9 luminosity bins

- > clusters with Ty > 2keV
- z = 0.055-0.18

to not completely fill the XMM

camera rgy, < 9-11 arcmin

33 clusters — 2 multiple clusters
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h(z)™™® Ly < Ry (10* erg s7')

total luminosity

LX — M Relation (bolometric)
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One has to correct for a
small Malmquist bias,
because the more
luminous clusters have
a slightly larger
detection volume.
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Prospects for the
eROSITA Survey

Hans Bohringer
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Galaxy Cluster Number Counts in the
eROSITA Survey

Nonot all sky  extragal. Sky
50 ~300000 ~240 000
100 ~140000 ~105 000
500 ~ 20000 ~ 15000

1000 ~ 9000 ~ 6700
M. Miihlegger Ph.D. Thesis Redshift extragal. SKy >100cts
> 0.3 ~ 50 000
> 0.6 ~10 000
> 0.8 ~ 3500
> 1.0 ~ 900

M. Muhlegger, G. Chon,
H. BOhringer
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cluster number density | d@q ]

26



Assumptions for the Modelling for eROSITA

- Cosmological parameters: H, = 70 km/s/Mpc Q, = 4.5%
Q. =030 Q,=0.70 c3=0.80 + standard P(k)

« M - L relation used — see later
- Exposure maps for eROSITA Survey (from Robrade)

« Minimal count limit of 100 source counts
(ROSAT >20-30 cts XMM-Surveys > 100 cts)

« Calculation of the detection limit per sky pixel & redshift shell

- For Galaxies: richness — L, relation (SDSS)
- cluster galaxy luminosity function
- evolution of L* involving mostly passive evol.

Hans Bohringer TR33 Workshop, Corfu  19.9.2012 27



Mass and Redshift Distribution of the Clusters
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Observed Evolution of the M - L Relation

MaughanCIJG: 1

10 L . 'Zhang08 —— _
Ettori04. —e—i Pratt09 —=— A
I Hicks08 +—e— Kotov05 —e— 7
z>0.87?f\mple —e— Mantz09 |
self-similar evolution *E(ﬁ)g_;3+0452 """"" ZhangQ07 +——-&—
best fit evolution *E(z) ™ -0.12 Pacaud07 —e— 1
rescaled bias -------
i
&=
[
N L
=
Q L
(o]
=
0 1 1 | 1 1 | | 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

X-ray luminosity for given cluster mass does not increase as fast with
redshift as assumed in self-similar models ! Reichert, Béhringer, et al. 2012
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Change of Number of Predicted Distant
X-ray Cluster Number Counts

Ratio of clusters above redshift 1 seen by eROSITA:

ratio to self-similar

Self-similar: 1 e
no L-T rel. evol.: 0.55 ol
New relation: 0.27 = F

Reichert, Bohringer et al. 2011
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Results of cluster number forecast for
different cosmological models

refer. 0,=0.83 Q=025 w=-1.3 w=-0.7
z>04 41600 52600 27600 42300 43600

z>0.8 4800 6900 3200 3900 6300

2>1.2 760 315 (327 )
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Observable Galaxies per Clusters

Magnitude range = 18.5 t0 20.5 in i-band (< 22 in r-band)
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Summary on the Number of Observable
Galaxies

For a 15 000 deg? Survey (e.g. 4AMOST):
~ 50 000 galaxy clusters

on average 50 galaxies/cluster = 2.5 Million galaxies
visible for a spectroscopic limitof r=22/ 1=20.5

Science goal: # clusters  redshift

34 000 0-0.2
30000 0.2-0.4
11000 0.4-0.6
3000 0.6-0.8
800 0.8-1.0
250 1.0-1.2 achievable 70 — 90%

Hans Bohringer TR33 Workshop, Corfu  19.9.2012
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Conclusions

« eROSITA is about 30 times more sensitive for the detection of clusters
- ~ 100 000 cluster will be detected with > 100 cts

* ~ 7000 cluster with > 1000 cts -> temperature, morphology, ..
wide range of astrophysical studies (e.g. scaling relations and feedback)

» LSS statistics (P(k) for > 10 000 clusters in ten redshift shells out to
Z = (0.6 (10x more precise than for REFLEX)

 Large potential for constraining cosmological model parameters also
for Dark Energy equation of state — and testing more exotic models
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