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Non Baryonic matter

DfFK5HB & RN
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Cluster hot gas

Cluster hot gas
rsoo<r<rvir (Suzaku) &

<rs00
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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
® Astro-H + eROSITA
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Cluster as cosmological tool
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Eke et al. 1998
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QM =0.25, Qp =0.75, A1=0.72 QM =025, Qp =0, #=0.72

z=0.025-0.25
z=055-0.90

z=0.025-0.25
z=0.55-0.90

1014 1014

37 Chandra clusters,Vikhlinin+2009
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(Gas-mass ratio, fas

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

Ov =1, Qy =0, h=0.5

47 Chandra clusters, Allen+2008
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wo from clusters

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

Cluster fgas

| | | | | | | | | | | | | | | | | | | | | |
0.65 0.70 0.75 0.80

Qx

SLRIF—YEFRRETET VI —T 427 201 1F7H29H@ IPMUKERE

Monday, August 1, 2011



feas (& universal H\?

Suzaku observations of outer region of clusters

Perseus cluster

SSSSSS

Suzaku shices through the Perseus Galaxy Cluster

(Miller+201 1)
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Non-thermal pressures
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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

® cROSITA (Germany + Russia) 2013

® High sensitivity X-ray all sky survey with
medium energy resolution: detection of
~7,000 clusters (>1000 photons) up to

z~1.5
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X-RAY OBSERVATORY

ASTRO-H

——

Astro-H

o RMOBZAD major X-ray astronomy mission

» “X-ray observatory”, BEfF#7: B+X (C3—0v/XOD

S0
» 2014FF]5 LITFRE

® Scientific objectives
® revealing the large-scale structure of the universe and
its evolution
® understanding the extreme conditions in the universe
® exploring the diverse phenomena of the non-thermal
universe
® clucidating dark matter and dark energy
® High-resolution soft X-ray spectroscopy and wide-band
imaging X-ray spectroscopy

SLXIIF—YEENRTEY VI —T 07 2011 F7H29H@ IPMUKERE |

Monday, August 1, 2011



9 .
X-RAY OBSERVATORY

ASTRO-H

Astro-H science payloads

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
9°x9’x FOV

#

AE < 7eV AE < 150eV@6keV
3’x3’ FOV 38x38 FOV

Multi-layer coated
thin-foil mirrors

Thin-foillm|rrors

Focal Lenpth = 5.6 m

Focal Length = |2 m

R I: ! Y a
micro-calorimater

X-ray CCD

CdTe & Sl double- ~ |Peployable & array
side strip detectors Optical y ks
Bench Non-imaging
X Sl Soft y-ray 30-600 keV
N 0} QQ“ detectors S %keV@4O ke
W ‘ (sGDy  06°x0.6° FOV
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Soft X-ray Spectrometer (SXS)

SXS XRT (SXT-S)
Thin foil mirror
45cm diameter,
5.6m focal length, .{.._f-' (Y
I’ resolution Ty

® 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

SOFT X-RAY SPECTROMETER
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Kinematic motion

(Probed down to ~100km/s)
E122 9 % #RInMA2256
Chandra : — beok (7kaV, 0.3 wolar)
»=1000 km/s
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® 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

"1 x10

cluster density [ster

™ erg/s/oxp’ Ex100)

13 C.rg/S/(:"T‘ X10)
1 10\ e"E‘J./"vS,-/C"r": eROSITA
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Sterile Neutrinos

N Suzaku Astro-H
S/N: 1—|—AE/EW AFE ~200 eV =>4 eV

X-ray constraints

a factor of ~7 improvement
for | — 10 keV
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Astro-H & eROSITAD I\

® Under discussion

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

® “Observatory”’ type mission
® Athena (ESA + Japan+US)

® Probing ‘unexplored’ phase of baryonic
matter

® “Survey” type small mission (survey of
selected sky areas)

o DIOS, DIOS+ (Edge, Xenia..)
(Japan + Europe+US)

SLXIIF—YEENRTEY VI —T 07 2011 F7H29H@ IPMUKERE 18

Monday, August 1, 2011



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 AGNs galaxies, clusters and
beyond.
® Study hot cosmic plasmas on all astrophysical
environments, from solar system bodies to stars, galaxies
and beyond.
® Science instruments
® [wo science instruments
BIRILF—YBAERFEI VY I —T 17 2011F7A29H@ IPMUKEERE 19
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Athena

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

e ESA + J+US

® Two || m focal length telescopes za.

High resolution spectroscopy withj
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Unexplored phase of Baryonic matter

Stars Cold gas in galaxies

unexplored Sepm.  Cluster ICM
/ ‘“%

IGM (<10°K) ?
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WHIM®D U 5

Virgo cluster Sculptor wall

LBQS 122841116

LBQS1228+ 111651/ / ° o
PALSS53

Ovi @z =0.004 | Ovil @z =0.04

ata and folded model

21.5 22 22.5

2.8-0 with XMM 3-o with XMM + chandra

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

z=0.2117 - 0.2317 slice >|0°K, unbound
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Summary

o XIRHMEE I BBaryonic matter:
o A ICM (T>5x108K & pgas/{Pgas) >70)
« >5x106 K IGM (WHIM: unexplored yet)

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