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Non Baryonic matter
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Cluster hot gas

Cluster hot gas
rsoo<r<rvir (Suzaku) &
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Piro et al. (2009, simulation by Borgani et al. 2004)
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Qutline

® Clusters as cosmological tool
® systematics limited

® Next-generation cluster study
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Cluster as cosmological tool

® Clusterft: FEDZE & FRRE |ICHKE

® (Gas mass ratio, fqas, of cluster:“standard candle”(?)

Eke et al. 1998
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QM =0.25, Qp =0.75, A1=0.72 QM =025, Qp =0, #=0.72
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37 Chandra clusters,Vikhlinin+2009

BRI F—YERNERSABEBY VI —T 17 20I1F7H29H@ IPMUKERE




(Gas-mass ratio, fas

M s d2.5
feas = Mg X Sy = d'° (Sasaki 1996)
tot

=1, Q. =0, h=05

47 Chandra clusters, Allen+2008
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wo from clusters

Cluster evolution (Vikhlinin+2009) feas (Allen+2008)

Cluster fgas

BIRIF—YEFERFEY VI —T 17 2011 F7H29H@ IPMUKRERE



feas (& universal H\?

(Allen+2008)

Suzaku observations of outer region of clusters

Perseus cluster RXC|0605
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Suzaku shices through the Perseus Galaxy Cluster

imionescu+20 (Miller+201 1)
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Non-thermal
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FAFEPD XigIv> 3V
® ASTRO-H (Japan + US + Europe) 2014

® High resolution X-ray spectroscopy:
Kinetic pressure

® |maging hard X-ray spectroscopy:
magnetic pressure of clusters
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Astro-H

RDBAD major X-ray astronomy mission

“X-ray observatory”,
S0
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Scientific objectives
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® revealing the large-scale structure of the universe and

its evolution
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ASTRO-H

Astro-H science payloads

s
Hard X-ray Imaging Soft X-ray Soft X-ray Imaging
System (HXIS) Spectrometer (SXS) system (SXIS)
5-80 keV 0.3-12 keV 0.3-12 keV
AE=1.5 keV@60keV _ N AE < 150eV@6keV
9’x9’x FOV u N I3’ FOV 38‘x38 FOV
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88 =D [
Bench “ 8
ulti-layer coated '‘HERM ~ Thin-foil
foil m S
| | Focal Leng




Soft X-ray Spectrometer (SXS)

SXS XRT (SXT-S)
Thin foil mirror
45cm diameter,
5.6m focal length,
I’ resolution 1977

® High resolution X-ray spectrometer using a
microcalorimeter array

® High Energy resolution (FWHM<7eV) and
modest imaging (6x6) capabilities

® Will be most sensitive high-resolution
spectrometer ever built for energies above
~ | keV

® No degradation of energy resolution for
spatially extended sources

® Recovery of Suzaku XRS with improved
sensitivity
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ooy —lUSTEN With SXS
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Chandra

Kinematic motion

(Probed down to ~100km/s)
A2256

west peak (SkeV, 0.6 solar)
oost peck (7keV, 0.3 solar)

»=1000 km/s



® Much better spatial resolution, sensitivity, &

spectral resolution (30”) compared to ROSAT ‘

Germany + Russia
Planned to be put in orbit in 2013
Detection of 100000 clusters (>100 photons)

7000 clusters (>1000 photons)up to z ~1.5

Synergy with Astro-H

® |0%cluster samples z<I.5
calibrated with local
sample by Astro-H

® Mass function, fgs, BAO

REFLEX2
(x100)

cluster density [ster™] x10
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Sterile Neutrinos

N Suzaku Astro-H
1+ AE/EW AFE ~200 eV =>4 eV

S/N =

X-ray constraints

a factor of ~7 improvement
for | — 10 keV

Phase-space density
constraints



Astro-H & eROSITAD SN\

® Under discussion

® High resolution spectroscopy of distant
clusters (z ~ 2 and beyond)

® “Observatory” type mission
® Athena (ESA + Japan+US)
- ® Probing ‘unexplored’ phase of baryonic




Athena

® Key science

Probe the behavior of matter moving around black holes.
Determine how supermassive black holes grow in
obscured environments in galaxy centers

Trace the formation of Large Scale Structure through the
fate of hot baryons in galaxy clusters, their structure and
evolution.

Study the physics of feedback, by measuring the energy

- deposited by starbursts and AGN's galaxies, clusters and




Athena

® Proposed as a L-class mission to ESA
cosmic vision. target launch date: 2022

® ESA + |+US
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Unexplored phase of Baryonic matter

Stars

Cold gas in galaxies
Cluster ICM

unexplored
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WHIM®D U 5

Virgo cluster Sculptor wall

H2356-309
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Ovij @z =0.004 | Ovit @ z =0.03

and folded model
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2.8-0 with XMM 3-0 w1th XXMM + Chandra

Fujimoto+2004 Buote+2009
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WHIM with emission
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DIOS+ simulation

z=0.2117 - 0.2317 slice > | OSK, unbound
pgas/<pgas>
=10&75
: Z i MJMW i
- i 50 detection with
Er{ergy (keV) I MS
Foreground (black)
Signal (red
8 ( ) OVII & OVl
> 50 Takei+ 201 |
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Summary

o XIRHMEE I BBaryonic matter:
o #R;0JE ICM (T>5x100K & pgas/{pgas’ >70)
« >5x106 K IGM (WHIM: unexplored yet)

* Cluster ICM as cosmological tools
« RN 2<0.5, systematics limited
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