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High Energy Phenomena of
Clusters of Galaxies

Rosat X-ray image (colors)
Radio image (contours)

Non-thermal radio emission Feretti ot al. 1997

from merging clusters of
galaxies

synchrotron radio
y~10% electrons + 0.1-10uG B

Hard X-ray will be emitted
through Inverse compton with
CMB

Rosat X-ray image (colors)

Radio image (contours)
Van Weeren et al. 2010
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Particle acceleration and
Gas Motion

= Particle acceleration processes are likely related
with magnetized plasma motion.

shocks or magetic turbulence or ???

= |Information about “gas motion” , “high energy
particles” , and “magnetic field” are crucial.

= “X-ray spectroscopy with high energy resolution”,
“Hard X-ray observation”, and radio observations

alre necessary.



Before Suzaku

Detection of Non-thermal
hard X-ray from Coma by B-SAX??
(Fusco-Femiano et al. 1999, 2005etc)

Possible detection of gas bulk
maotion (~1500km/s) by ASCA and

Chandra,,,,,,,
(Dupke et al. 2001 for Centaurus

cluster etc)

However, later Suzaku results are negative for the both.
(Wik et al 2009, Ohta et al. 2006 etc),



Abell 2319

 Nearby (z=0.0557) well-known merging cluster
with a giant radio halo

e Two subgroups are found in radial velocity distribution
of the member galaxies

Lline-of-sight velocity
distribution of member

alaxies
A2319A calants
15727 =139km/s f;i;’;’m <

A2319B

N = 28

v = 18636 km s
o =742 km s~

observeq A23 198
18636+ 151k
Radio image (contours) m/s

Feretti et al. 1997 Oegerle et al.1995
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Llne -of-sight Velocities of the ICM

ROSAT image
mazenda:HXD PIN.
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Line-of-sight velocity
o[t IS clear that the observed velocities are
different from that of A2319B subgroup. ?;Irueee:rﬁ i%ﬁ%;ﬁ%rgmp
*No significant velocity difference is detected EREavER
within the observed region.
*Av <940%1083 o, km/s. (cf. c,~1700 km/s)



Wide band spectrum
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Wide band spectrum fitted with
APEC+Powerlaw model

Counts/sec/keV
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Black: XIS FI
Red: XIS BI
Green: PIN
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Flux of a power-law

component in 10-40 keV
and its upper limits

The lower limit of the
magnetic field strength
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Energy Budget of the
Intracluster space

®ROSAT image = n(r) ®Suzaku Results (>0.2uG)
OkT=10keV Up > 0.1 x 1072 eV/cm®

Uy, = 0.4 x 107 eV/01113
Ug/Uy, >3 X 107

Abell 2319

® Suzaku results (upper limit of
hard X-ray)

Us, < 0.2 x 107! eV /cm®

D ECLINATigN (J2000)
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ZWClIl 0823.2+0425 Field

ROSAT image
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® Several dark halos were found by a weak lensing
survey (Okabe et al. 2010).

® No deep X-ray image.

® L, 7?7, kT??7?, Metal Abundance????



Results(1)

z=0.2248

NW spectrum

« Significant excess X-ray signals except for SE
o KT determination except for SE
 Metal Abundance determination for C and N



Results(2)
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Normalization is consistent with
results of X-ray selected sample
(Okabe et al. 2010)




Sunyaev-Zel’dovich &8
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(Thermal) SZ vs X-ray
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Imaging Simulation for ALMA

X-ray image and kT

= made from hydro sim. 12m x50

SZ observation with ALMA
(Yamada et al. 2012)
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Summary

= A2319

Line-of-sight velocities of the ICM

Constraint of the energy density of the magnetic field
and CR electrons through the non-thermal hard X-ray
upper limit

= ZwCl|0823.2+0425 Field

X-ray follow-up observation of weak-lensing-detected
halos

Self-similar M-T relation consistent with X-ray selected
sample

= |maging simulations of SZE for ALMA

ALMA + ACA will resolve the ICM shock structures In Its
most compact configuration at 90 GHz.
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