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X-RAY COSMOLOGY: CURRENT STATE

Cluster physics:
Chandra & simulations

Cluster samples: ROSAT
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Detailed properties: ! ;
Chandra & XMM 08 ;

~09F / ;
R
s

~11E

Dark Energy
\Yj constraints

E T T T T | T T T T | T T | T T T T | T T T T E
-06F E

~13E

-12F =

14 E

-15F 3
E 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 | =

0.60 0.65 0.70 0.75 0.80 0.85
Qpe

0.4
’’’’’




PHYSICS: CHANDRA AND MODELS
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e Direct observational constraints on ICM physics
e Advances in computer modeling

Identification of robust mass indicators
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DETAILED DATA: CHANDRA & XMM
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e Detailed T(r), p(r) measurements
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MASS CALIBRATION
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e Independent geometric confirmation of accelerated expansion
e Constraints on equation of state

Allen et al.




GROWTH OF STRUCTURE TEST

Numerical simulations Chandra images of high-z clusters

e Measure how accelerated expansion stifles growth of structures

e Use clusters as “sensors” of structure




CLUSTER MASS FUNCTION TEST

QM =0.25, QA =0.75, h=0.72 i 1~0:— \ WL shear N
1072 | = L
m 10—6 L - 0.9 -— _
5 I
=107 < 2 081 =
= [
=108 4 i
0.7+ =
107% & 2-0.025-0.25 - i
: 06 -
1 1 1 1 I 1 1 1 1 1 1 1 1 I | C 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 I 1
1014 1015 0.1 0.2 03 0.4
Msoo. h™' Mo QM
T — T T — —
e 50 clusters — o3 to £1.5% (£3% sys)
2009 ApJ 692 1060

10



i

CLUSTER MASS FUNCTION TEST

---------------------------------------
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SDSS results, Rozo et al.

e X-rays: 50 clusters — o0s to £1.5% (+3% sys)
e SDSS: 10,000+ clusters — o5 to +3.3%
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WHY X-RAYS?
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A3667, optical image
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WHY X-RAYS?

e Observe dominant baryonic component
e Detectable with very few photons — N« Ng,

e Detectable to high z

A3667, Chandra image
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CLUSTER MASS FUNCTION TEST
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CLUSTER MASS FUNCTION TEST
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CLUSTER MASS FUNCTION TEST
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CLUSTER MASS FUNCTION TEST
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CLUSTERS DETECT A & CONSTRAIN w
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~ Wo FROM COMBINATION OF METHODS

wo=-0.99

L 1 1

clusters

+ 0.045 (stat)
+ 0.039 (sys)
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Wo FROM COMBINATION OF METHODS
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TESTING GENERAL RELATIVITY

Rapetti et al., from analysis of X-ray luminosities
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' TESTING GR: CONSISTENT f(R) MODEL

— Clusters+CMB+SN+H_ +BAO
T b Nl W | e Clusters+CMB+SN+H,
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Schmidt, Hu & AV, PRD in press.
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Fundamental
questions about
the Universe

» Whatis the
agent of cosmic
acceleration?

» Do we see any
departures from
General
Relativity?

» Are there any
departures from
"concordance
cosmology”?

X-RAY COSMOLOGY

diemand 2003

— and fundamental
astrophysics

Star formation

Plasma physics in
the intra-cluster
medium

AGN growth and
energy feedback,
now and in the
past

Recycling of
matter through
galaxies
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FUTURE SAMPLES: SZ

A few x 1,000 deg? surveys. 100’s of clusters expected

24




FUTURE SAMPLES: X-RAY

SRG/eRosita WFXT

Figure 5: WFXT Implementation/Prelimiary Design
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FUTURE: MORE DIRECT M-ESTIMATES
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FUTURE: FLAVOR OF RESULTS

G(z)x(1+2)

e measure growth(z)toz=1.5-2
e test non-GR theories (growth index, y, to £0.02)
e X2improvementin win combination with distance(z)

IXO White Paper
SER——
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AGN FEEDBACK & NON-EQ PHYSICS

What it does to star formation?

How much energy deposited into IGM?

Ultimate fate of relativistic particles in
bubbles?

Statistics of catastrophic explosions?

Relation of high-z AGNs to large-scale
structure?

1E0657-56

turbulence (or lack thereof)
collisionless shock
thermal conduction
(temperature variations)

ram pressure destruction
of cooling flow;

stripping of / collisionless nature of dark

subcluster gas A matter

o

thermal conduction
(shock precursor)
2

relativistic particle

acceleration electron-ion

nonequilibrium;

convective mixing magnetic field from

radio spectrum

Turbulence, high-energy particles, magnetic fields
Effective viscosity

Stability of small-scale structures

Transport processes
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AGN FEEDBACK & NON-EQ PHYSICS
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