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Introduction (Radio Halos, Relics)

Liang et al. (2000)
£ 54 X-ray
JL—R5—IL:.BiR

Rottgering et al.

I (1997)
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“Relics”
(on cluster outskirts,
Irregular shape)

“Halos”

(cluster center,
X-ray &ERFRIGHZRE)

R ~100 kpc — Mpc,

S,cv-®:a ~ 13-2.0 (nota single power-law)
L ~ 104941 erg/sec (10MHz ~10GHz),

E. ~GeV+B ~uG
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Diffusion Problem
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= Bohm diffusion approximation :
K =( 7E.c/3 e B)
= Cooling time:

cool
= Diffusion length within the cooling time:

Lair~2.2 % 10 Mpc ( 7/109)Y2(B/ 1 G) /=

= JEEAHIE

=1.1 x 10°yr (E./GeV)*
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Radio halos
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Feretti et al. (2004)
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Introduction (Radio, statistics)

L.qi0 VS Ly (Bacchi et al. 2003)
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Observations (Hard X-ray)

LSOADIRATE. R BEAVD IE BB REX
RHT DEImEDHEN . Riwth b,
(Coma, A2256, HCG62, etc)
14E DR EH (AGNDZE D, (F(F
merger) D EBMANRTRIL o D IEERRITE
X#% . AGN&Ysoft ,extended(Navalainen
et al. 2004)
SUZAKU, NeXTIZHA%F
Origin????
= Inverse Compton (E, ~ GeV +CMB)
B discrepancy ?
» Bremsstrahlung (E, ~10-100 keV + clusters observed with Beppo SAX:
ICM) Nevalainen et al. (2004)

huge energy input is necessary
= Synchrotron (E, ~ PeV + B ~1u G)
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Combined spectrum of 14

Photon index =2.8%03 , ,

>
(Inoue et al. 2005) FaLTrUEEERSE
HEATEEO TN —FEL-L85 Electron spectrum: u =3.8-5.0

LUNAS, BRTERIEBLVATELY, Radio spectral index: 1.4-2.1



Observations (EUV, 7 -ray)

= EUV (7.,~300+CMB ???)
= Still controversial
= How significant are these detections?
= Thermal or non-thermal?
XMM-Newton detect warm (~0.2
keV) thermal plasma, which is

probably from filaments in a
large scale structure near

20

clusters. (Kaastra et al. 2003) Ao in the Coma Closter 5ofd ine) The expected EO emidion from the
:];;::rn ;;ia::?;t::duﬂu;:n a8 a dashed line. The vignetted background is
" 7-ray ‘ '
RO VAV o] o [T@ I [IN(SEI =M CIEIN-IE Coma cluster: EUV radial profile
al. 2003) (Bowyer et al. 1999)

Blue: observed emission

Red: emission expected from
thermal model in X-ray




&R A] & N & E K (merger, moving
substructure [Z&AED)

1E 0657-56
Contours: X-ray brightness
=8 Colors: temperature

Markevitch et al. (2002)
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Mach number distribution
(Miniati et al. 2000)

—Cosmological N-body + hydro
simulation (/A -CDM)

60

“accretion shock”
—*accretion shocks have higher
_ Mach numbers (10—21000)
L =1L, £ 2&ELGE 5D %
. LA %Ry (Totani & Inoue 2002)
—*“merger shocks have lower
Mach numbers (1--10)

20

“merger shock”™
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/N7 J)LDsimulations:
INDILEESIOHSTRESTSHEHZIH

20 aresee  |ADEI 2597
McNamara et al. 2001
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Bruggen & Kaiser (2002)
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Christopher et al. (2005) (B =462) (8 =0.019)
Robinson et al. (2004)

Re=250
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145kpc

Coma clusterdiLERDE N7,

Schuecker et al. 2004
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(Schuecker et al. 2004)
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Turbulent Acceleration Model: Resonant
scattering by Alfvén waves

= Resonant Scattering condition:

W, =kv +Q
BFIIAIHED lock SNT=-KRETEEHEBIER. v=c &9 5E.
k=(r,y )~

EHVEMARIMILEE >TULWNIE, EFITESZEMIZIESNS S,
» HELERRIIEHEEZRE TOrandom walk AR EAEHE B,

ehergy

0 time

= Fokker-Planck equation Z{E->TER1E
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Brunettii et al. (2004)
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DM ? (Takizawa 2005)
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JRARL (L) L= R CHERETE. B E&IC B FSE 0 fERE
simulationh EE

«Shear flow, E5E DREIE — IR FENER

*Moving substructure M FBIZERZEDH T, M7 FERERA
simulationZ{75,




Numerical Method

AP FZGREI—DENARTUIVILATD
YT VSR —DiEENE. YT VIR F—%test
particle &3l THES,

L DIEREH T VSR A—HIE DEFR FH
2R BR,
HITOSRA—FE DA ADEERZRIAD—
el | (Roe TVDGE) THES,

(infalling) subcluster

main cluster

Simulation Box:
800kpc % 800kpc x 800kpc

Mesh Size:
400 X 400 x 400
VPP5000@NAOJ (48PE, 4-8h)




Radial infall model: Results
(density at z=0 surface)

t=0.78Gyr




1E 0657-56: “Bullet” cluster

104.7%

Markevitch et al. '002)



Sloshing model: Results
(density at z=0 surface)




A168: Turbulence Is generating through
RT instability ?

L_




Sunyaev-Zel'dovich hER

Wavelength (mm)
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Cosmic Microwave Background (CMB) D ARIKILHAZETRS,
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(Thermal) SZ vs X-ray

lyoc n 2T, Y2dl

l.,oc [ n, T, dl
XHRITZEBEIZ, SZIXREREIC
KU sensitive,

Iy o< (1+2)*
ls,0¢(1+2)° (U < (1+2)4751=8)
high z object [ZIXSZHYE F|



ALMATRZ LM 7? P
by GILDAS (Tsutsumi et al. 2005)'. e
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INPUT based on ALMA 64 arrays with ACA
150GHz data (13"FWHM)  longest baseline 150m longest baseline 30m
of RX J147.5-1145 13 mosaics, 18 min 13 mosaics, 72 min

10 =0.03 mJy/beam
peak = -0.22 mJy/beam
FWHM=2.4”




Simulations [ZX&k4&HHi : SZ vs X-ray

. 0.56Gyr : 0.67Gyr

0.44Gyr

0.44Gyr 0.56Gyr 0.67Gyr

B a3 0z o

¥ 0.78Gyr

SZE image is highly disturbed,
while X-ray remains compact.
=> better tracer of shock front




GILDAS Simulations (vamada et al. in
preparation)

14” FWHM

INPUT: Output:
Snapshot from cluster merger ~ALMA 64 arrays + ACA
simulations (Takizawa 2005). 13 field mosaic
Place it at z=1, Dec= -23 deg.
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Acceleration processes In the
Intracluster space

= Shock acceleration

= Power-law spectra
= E .~ 1013 eV (for electrons, t

accel ~ tcool)

~1

~ 101° eV (for protons, t

" Turbulent acceleration

» Resonant scattering of random Alfvén waves
k=(r, 7 )~

accel age)

Random walk process in momentum space

depends on Alfvén wave power spectra

Emax



Turbulent Acceleration Model:Model

Description

= One-zone, steady
= P(K)=b(By?/8 1t )(w-1)k,(k/ky)™ (ko<k)
b: (ELREBZOIRILEF—EE | KEWNGEHIZDIRILEF—
w: RNEIE%
k., BGHzZDEKZEH T EFEHIBT HIKE(~101cm?)
Fokker-Planck Equation

82

= 37 5 DON| + [{b('r) — A()IN]+ Q(v) =

b(7r)=b, Y2 Inverse Compton and synchrotron loss rate
A(r)=(2D/r)+ (0 D/d y)o yW1l: systematic acceleration rate
Q(r)=0(r-7,): source term, 7y ,~100MeV

P(K) BHT-ZT. EEMREN(7 &5

—ZE)



Turbulent Acceleration Model:
Results (Radio Spectra)

(b) w=2.8
Ve =10 MHz
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Turbulent Acceleration
Model.Comparison with Coma

(a) w=2.8 ‘observation’ +$—
Vv

= Best fit model for Coma ¢ =10 MHz

— W=2.8
Steeper than what is expected from
MHD turbulence theory

(cf, Kolmogolov: k32 | Kraichnan: k-
5/3)
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This suggests particle acceleration
affects power apectrum of random
Alfvén waves.

= N(E,) has exponential cut-off around E_
~10 GeV.

10 100 1000 1000(
Frequency in MHz

Radio spectrum of the best fit model
for Coma (Ohno, Takizawa &
Shibata 2002)
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= Shock J03E:
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" ShockTINE——>mAHo——>
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Model

= A UDSARE— HTISREZ—EBICENRT L v)LIFKIngET IL (125
9 56D) . ICMDAHIEFEEBETILERE

DMZ E 7 pom(T) = PDM,o{l + (L)z} .-

Te

" AP S5RA— r,=200 kpc, B=0.8, M=8.57 X 1014 solar mass
= HJHSRHA— =40 kpc, B=0.8, M=1.43 X 104 solar mass




Radial infall model

= |nitial position of the
subcluster is 1 Mpc
away from the main
cluster’s center

= Simple radial infall



Results( 0 & T on the z=0 surface)

Radial infall model:

Density evolution

0.4 =02 0O 0.2 0.4
x [Mpc]

-25 =2 =135 =1 —ﬂ._S_a
log10(em™)

t=0.56Gyr

A

10

30
kgT [kev]

t=0.78Gyr t=0.89Gyr

temperature evolution




Sloshing model

= |nitial position of the
subcluster is 0.5 Mpc
away from the main
cluster’s center.

= radial oscillation _ ommesy
around the main 1
cluster center



t=0.8Gyr

0.4 -02 0 02 0.4
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log10(em™)

t=0.8Gyr
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1

5 10 15 20 25
kgT [kev]

Sloshing model:
Results( 0 & T on the z=0 surface)

Density evolution

temperature

0.4 -02 0 0.2
x [Mpc]

0.4

evolution

t=1.4Gyr

0 02 04
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0.4 -0.2

t=1.4Gyr
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Discussion on turbulence

= AL ERAIFISEL TS YIRS IFv—IEES

IEHD?

(radial infall modelfJ% 4k 35%)
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