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% KRR TR H
1E0657-56 at z=0.3 (Markevitch & Vikhlinin 2007)
; R EOEE BT .-,E,jif,,ﬂ R

C 1E(657-56

optical X-ray

SR 2 ENEYH R

~5% ~15%
lensing _

contour SR Radio
S—4 contour
43— JEEMH R

~ 80% 2
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LU VE3E: Bullet cluster at z=0.3

O—Lb2ark
($EALASE ST )

6'58™42° 35" 30* 24* 18° 12*

1E0657-56 (Clowe+08)
$H5—: X-ray (collisional gas)
ZF 5 #8: weak lensing (collisionless DM)

‘DM EH A D35 BfE: 207 =100kpc

0/m< 1~5cm?/g
(Markevitch et al. 2004)

*Rankine-Hugoniot condition:

Mach number ~ 3.0 (7 =5/3)
Vv ~4700 km/s
Vpostshock~1600 km/s
(Markevitch & Vikhlinin 2007)

preshock

Kinetic energy ~10% erg
if M, ~10% M,

clump n

* XER(ocn2TYV2)TDLavImE
(EHFxev7)FEITHE,
Chandra TEHI D &,
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=38-H X : RX J1347.5-1145 at z=0.45
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T 3.0mJy/beam

11007, 580 kpc

60 5
45 _ " 2.0mJy/beam

30 z
: 1.0mJy/beam
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—15 z
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source (4mJy) 3

'l SIS AT A AT

60 45 30 15 0-15-30-45-60
ARC SECONDS

—-3.0mJy/beam

SZZI R (Komatsu+01;TK+04) AA—S & B

& Chandra X-ray contours (GMRT 614MHz, Ferrari+11)
*Suzaku 0.4-60 keV & Chandra (Ota+08) fk: SZZIE (MUSTANG, Mason+10)

— kT=25.3'%1, ; keV (13 13keV) — B R fE s A o JE AR R ST

Mach~2, V_ ..~ 3600km/s (RIRE (X< #NHT)
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107k 7:0.025-0.25

#& 70 [ 55 2 B 3

T I 1 T T T L T L] I
QM =0.25, QA =075, h=0.72

(DEHY. |
FREFH)

F z=0.55-0.90

Msoo, h™ 1Mo

Vikhlinin et al. (2009)
ROSAT selected & Chandra follow-up
49 clusters with <z>~0.05
37 clusters with <z>~0.55
model: Tinker et al. (2008)
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h-'Mpc h-'Mpc
0 SRR 1 TR T 5 lO 1:> 20 25

Cosmological shocks == . = intenal shock
E“H - ;J G ) Ty : Sy ‘s
1. Internal (merger) shocks s 10 a’” g I
BECImBShf-HADER =~ 77 7
/A e J,.| H.E:.. ‘/"‘

By \H(@2~a), BEE o Colel
E T e . external s OC |
EEITRILF—DKS _: g

=L
RLISE /;"fw t
2. External (accretion) shocks ~ 10:«*’ .. -
AT=DIGMADEE | dag -
B \B(~100), B f:/‘f/ -

SUAIMICIERRE }wmw

* preheating BN [ Ré'u et all' (?0(:3) H simulati
~ J— S osmoliogical mesn simuiation
TYNBUISHIZTHS ACDM, gL=1oo Mpc/h,



AGN feedback

MS0735.6+7421 at z=0.22 %0

mEBIE. T X ' S
(McNamara et al. 2005; 2009) RGN LR\ LR LA
« (J2000) (deg)
AGN D xyh (EK) & X#RZER - BimrEE hS— B
= =S ~ 62 - LIS
D FEES NEEE ~1092 erg Contour: XEIEE
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log (Magnetic field, gauss)

=5

hES & EL TOERAH

\ GRE

—1
SN W= _ 1DC< £ ) B
o : Z \101%eVv/ \uG

" P2 Hillas S5 14 (1984)

GRB size > Larmor radius

#100eVETCiHT-T HF ALK

* 1R Fermi (hniEBR =)

uG 2000km/s /) \Mpc

Colliding

Protons "™ X ™
1020 eV enacia|aisE >10%eVIZ[d, KEXE ZorB AR E

(e.g., S.Inoue et al. 2007)
Boratav et al. 2000

e of BF: E,"* ~10% eV by IC loss.
1 an 1 pe 1 kpo 1| 'H'{z‘\ (e.g., TOtani & Kitayama 2000)
log(size, km)



RAIFADBRITRILTF—HRR FFE

-BEMRT—ILHKRZLY
-4 X ~Mpc
- DR ~10° yr
BRI RILT—~10% erg

-BREH. DHAZE. IRIVLEF—R, FORTEEN
“EEER DI (RERIBEL THFERS)

n ‘”»091(,//\47F~

ﬁE,n DIRILF—HR (BEEHIFE)
-BEMRATAFIIOR
- A=) HR—

etc.



m%ﬁﬁ: Coma (Bonafede et al. 2010)

29:00:00.0 [ e L —
i ROSAT X-ray " -
"& VLA 1.4GHz -
30:00.0 py A o : A |
i 5(‘.4..]2'? d
501.]1_:1__..
é 28:00:00.0 —
5C4.152
30:00.0 g ]
7 sources
27:00:00.0 B 1 4GHZ NaGHZ
0:00.0 02:00.0 I 13:00:00.0 58:00. 0 12:56:00.0
wo. SRM2>Y2 ys ¢
82
AN x AQ/neB//dl
& 200F t
E IE: ]
] E
100 E
N : S g .
1000 1500

Pg
Ptherm

Analytic profile

Power spectrum
fluctuations

-----------
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|B, | <k -11/3

(3D Kolmogorov

Gaussian, isotropic B

)

L L L T S T T T SO N TR T S|
0 500 1000 1500 2000
r [kpc]
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B Ne kTe
= 0.0035 [ — < ) (
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B2 %58
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JEBARY I F: Radio halo/relic

i -I
Color : X-ray
Contour: radio

Declination (J2000)

s i

_Col‘or : X:ray
o Cantour: radid

- [
20M 1™ 14™ p2m g™

Right Ascension [(J2000)
Radio halo: A2163@2=0.203 Radio relic: A3667@2=0.055
Largest extent (>2Mpc) Strongest diffuse (3.7 Jy at 1.4GHz)
Regular & unpolarized (<3%) Asymmetric, peripheral

& polarized ((10%)



Flux (Jy)

100

10

0.1

0.01

Radio halo/relic: AR K~JL

A1914 halo s
a~1.8
Bacchi et al. 2003

l IIIJIJII 1 IJJIJIJl |

l lIllIIll l JIJJlIJI l JIJlllII l llIJJlJ] |

i
-

100 1000
Frequency (MHz)

Steep power-law spectra:
Socy ~%with =1~2
(BRRTCRIZLAER)

Yy ~10°EFDO>yOMAY

o~ 01 (12) (13)” o

Ne(7)oc v P, p=3~5
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N e g
TotRad

=
e
|

0.01 &

0.001 &

Engrgy Loss Timescales, E/E [in 10° yr]
&
=4
|

1075

Petrosian et al. 2001

n=102cm?3 B =2uG, T, = 3K

Fully [onized Hydrogen and 10% Helium &

0.01

0.1 1 10 100

Electron Kinetic Energy, E (in mc?)

1000

1T
104

Ye_l

Y ~10*&EF
—F i ~0.1 Gyr (E[ZIC)
HREg TR0

1) Leptonic model
ZDIGETEFINZE
shock and/or ELE

+ injection AAHE

2) Hadronic model
pCR_I_p_) T i..._)ei
AHERELD T,
BEDINEDIEE




Praga (107 WHz)

Radio halo/relic: f&T

10}

Bullet .-~

Radio halos
(Russel et al. 2011) A2744, 7
f,,f;+_ —4—
'AS20

([FXFLTHRRAE

Lot -zanev (10" erg 6)

*halo + relic ~501#

“Lx>10% erg/s Tl >30%

(Giovannini et al. 2002)

- BIR EXHR DR VEES

relic [X. [(EF5D&F XK

f=1=L. BIEMARZ %L
HDHLLBLN: e.g., A2146



Declination

A
CIZA J2242.8 at z=0.19

(van Weeren+10)

05

% ‘Z%'
%
[ image: WSRT 1. 4G|-fz !
Contour; ROSAT 0.1-2.4 keV

22h 43m 308

42m 30E
ngh1 Ascension

"relic size : 2 Mpc X 50 kpc

"index: 0.6~2.0 across the shock
— Mach~4.6 (1% Fermi)

" polarization: >50%, well aligned
— ordered B-field

12T T . i
spectral index °_
1M — 00 0 &
c 10 —
0
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= 08—
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07— ‘; )
N O
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53° 06'— q : @ —
[ .l‘\'f“\.|..O‘@HI..‘.\.‘A.|....
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B 12— Polarization (E-vector) —
11— —
c 10— I
el &
©
£ 09— .
©
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O og—" 4, ~
07— —
53° 06" — , . —
||-|N.\A\ “rnl'lll | |Q|Fm||||||\\| |
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30° 20°



DECLINAT K2IM

Radio “mini-halo”: 3rd population?

231500 =

2000 -

S233000 =

171200

171300 1712 40 iTiza0

RIGHT ASCEMNSION

Ophiuchus cluster at z=0.028
(Govoni et al. 2009)

Contour: VLA 1.4 GHz

Image: Chandra 0.5-4 keV

lraqio & Iy @re well-correlated.

P, , ey, Mini—halo (Watt/Hz)

1028

| Govonietal. 2009

3

L]
RX¥J1347

L]
A2330

i Perseus
A1835

E

& * 2028
Ophiuchus
10% E
1 IIIII L 1 Ll 1l II| 1 1 L1 ||||I 11 IlI
10% 102 10%6 1028
P, 4 cme D galaxy (Watt/Hz)

Detected in ~9 cool-core
(apparently relaxed) clusters

spatial extention ~500 kpc
*weak corrrelation with central CD (?)



count/s/keV

residuals

BEXGER I 2

Y ~10* BFDHFEAL T = <B> L E D BE

(FEBARIHI BN ST, kT>20 keV D ETEEMELHY)

I 1 I
10 -  —RXTE —Suzaku . i
E R 5 &
] L —_ o' Ay X o
] BeppoSAX \Q’b ?9,’1* o ‘?D:b @é, T \\"3‘9’\
1 F 3 L —Swift X & &
E ’ ! \Q}
0.1 & i _
: COMA CLUSTER ~ T [ ‘ b ’
0.01 ¢ RXTE 4 ‘B X
3 : 9 A9 it
thermal+power—law — “‘g C,Q‘Q"‘}q "‘;;\
~ ™ P
107° L — %n
10—4 B _ U—-; 2 B |
e : — T
T 1 T 1 L L | I 1 T T L} T o
0.2 | 1 =
| T
e l | T 0.6 s ' i 2
5 10 20 50 100 log(KT [keV])

channel energy (keV)

(Ota et al. 2011, in prep.)
Coma by RXTE (Fusco-Femiano+99)

— <B>~0.15 4t G, Ee~7e-14 erg/cm3 No firm detection.

B>0.1~1uG




ERXER ST 2

10 . Coma
r & e ¢ 5. E3 =@ &
1000 = ~f
S B O Hotgas-B2keV
5 100 . b O Warm gas ~0.08 kaV |
5 E = A Warm gas ~0.4 keV
g 10 8 oF _
P P [ © —o—
5l L ——
% 0.1 ; E i L = - i
g - "'; T E=E=
B 001 & B :E:
= : T I
w C o] :é:
§ 8.001 ¢ 5 .'!
2 £ b B o=
[=T1] " . +
ghooot ¢ Petrosian 2001 7 | to i B |
10-5 L n=10%em?B=2uGT_,=3K | 0 5 10 15 20
Fully lonized Hydrogen and 10% Helium Radius {arcmin)
10-8 & _
D il s e el s sl ] o sl e sl e e
0.001 0.01 0.1 1 10 100 1000 104 °
Electron Kinetic Energy, E (in mc?) coma by EUVE (Lleu et al' 1996)

_ Y1 HIZHLHE D RAIF TOEHESE
FREFDF M & B, controversial

Y ~300HVEx &% (Sarazin 99) (Suzaku TIX£TLIR)
ENXER TIC WHIM ED X BIEEELLY,



v 2T 2
x4

1. hﬂﬁ“’g? (e.g. Ensslin et al. 1997; Blasi & Colafrancesco 1999)
BAA TR - 10 - v iR (~GeV [&ZF)
S x| — e* — radio (>10GeV [&F)
AHIBFEREL., ie. FHERTOERE

2. NEFEF (e.g. Loeb, Waxman 2000; Totani, Kitayama 2000)

Inverse Compton ( ¥ .>109), HIEIST(r >10%) &
AENEFREELY., ie., MERIZDH

3. ¥—29TR— (e.g., Colafrancesco & Mele 2001; Totani 2004)
—a—r3)—/ % ERE



F>0.1 GeV (ph cm=2s™)

F> 0.1 GeV (ph cm~s-)

F > 0.1 GeV (ph cm2s-)

107 = —
= =
S ¥ V]
107 E- =
=V —— v VU 3 =
- e R i
10° = V%
E 3C129 A0754 A1914 A2142 A2199 A2319
— A0085 A1367 A2029 A2163 A2256
107
107 =— ; / —
= B ~% =
= / $ o
e I % Vo E
=V U v B
10_9 = Ee=———— —
E Lz =
—  A2744 A3571 Antlia Centaurus Fornax M49 -
[~ A3376 AWM7 Bullet Coma Hydra =
107
E Pinzke & Pfrommer 2010 E
- B sl Ka -
E : - 3
— LAT 0.95 CL : ; T— -
B v Vv VA
eV =
e v = = o
-9 | a—
°E e =
— MACSJO717 NGC5044 NGC5846 Ophiuchus RXJ1347 Virgo =
, B NGC4636 NGC5813 Norma Perseus Triangulum &
107

v 2 :Fermi [Z

flux upper limits on 33 clusters
(18 month data: Ackermann et al. 2010)

&2l R

10 P

x —— Coma
N -==- A 1914
. -=-= A 2163

=y o
S e e
mﬁ i a =1.3 Fermi data H'"‘HHE
0.01 a =1.9
oE =12 b z
\u
0.001 - e
- Jeltema & Profumo 2011 A
= L RN Y T 0 i | L POCSRY  t | L 1]
0.1 1 10 100
B [uG]

Hadronic model for radio + 7 -rays
= Limits on Ecr/Eth & B
sensitive to spectral index

* A521,A697 1 « >1.7
high B or spectral break at E >GeV ?
(Brunetti+08; Macario+10)

* leptonic model ~D HPR (L5501
B>0.15 i G for Coma (Ackermann+10)
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0.4

— relaxed

0.3

J}IIII]III[

0.2

0.1

¥/ Faste

0.5 1 1.8 2

ZLiR?

BERRSaL—avhbld,
LEENTE,
—RFINE, #5. EEHE. . .

2 _
Pryrb — 011 Viurb ( kle ) 1
Piherm 300km/s 5keV

Lau et al. (2009)

Adaptive mesh refinement hydro. sim.
16 clusters with M ; =5e13 ~2e15 M_,/h
spatial resolution 5~7 kpc/h



AL R DR R AL

L [kpC] T T T || T T T T
100 80 60 F
T T _-._no scatterin
10 fys. All . x,\\ g
:gﬁg - 107 ¢ (gas motion) -
R VRS “’1% : - with scatt.
o -~ N B
.‘% hﬁ*‘i E 10-8
s [ i . 3 R
= \} § - Perseus core:
[ L>100kpc global profile i:‘l? ~ T ~3for He-like Fe
| L<20kpc spatial resolution \‘::\ 10-7 Ko (6.7keV)
0.1 A N - Factor of ~2 reduction
0.06 0.08 0.1 0.2 -
K [I/kpC] | i | [ Ll | | L1 |
. ., . . 10 100 1000
Coma: “EA" (T2, cv?) INT—RARI KL Radius, kpc
O
Kolmogorov &EEA (Schuecker+04) HIEEE D AN: Perseus by XMM

) — V,,,,>500 km/s (Churazov+04)
cf. Hydra A core: i35/ \T—AXRJK )L :

Kolmogorov .&im&é\ HH B EE B ~ 3kpc cf. V,,,<500km/s for 5 cool cores
(Vogt & Ensslin 2005) by XMM/RGS (Sanders+11)



normalized counts s~ keV-1

Mock spectra of Perseus by ASTRO-H/SXS

. data and folded model
(Tamura & Sekiya)
Ty "o_ o with 42 ke thermal bmadll'll'!-:
—d Y T T | - : —— v =0lm/s ]
L | 100 ks ; : | B
_ | central 3’ X 3’ E 8 |
| | 5 eV resolution 2
g
oL ; i
=

.- /65 -
Energy (keV)
E He-like Fe KB :I

|7 & bulk motion
D Bl 7E ¥5 FE (90% sys)
~100 km/s

Energy (keV)



Declination {J2000)

Mock obs. of A3667 relic by ASTRO-H/HXI

(Kawaharada & Akamatsu)

570

Significance (sigma)

20" 18™ 14™ 12m g™
Right Aseension {J200a)

Input based on XMM results
at E<10 keV (Finoguenov+10).

100ks NT —+—
100ks T ---%--
200ks NT —=— |
200ks T ---B---
. Nonthermal ([ =2.0)  gsNT —=
100~300ks
Suzaku HXD [Z&3 LB{E -
D125V DR
. Thermal 4.6 ké‘;:E::ttiiii:jfi:~4q__ \ﬁ.
100~300ks | i
10-12 keV 12-15 keV 15-20 keV 20-30 keV

Stat + Sys (NXB 5%, CXB,,, 6.6%,,,) included




Suzaku imae of Bullet Cluster @ z=0.3

cf.
Suzaku/XIS ASTRO-H:
E<10 keV
HPD=1.3’
- E>10 keV
I HPD=1.7’
Chandra
th D 18] 2 STIE|
s il
DHALX
~20” '130"1;J~J:
~100kpc i.e.,

150kpc@2z=0.3
300kpc@z=1

20 B0 10014




Chandra Ablue and green)
MIMUSTANG (red) :

56.0 54.0 52.0 7:44:50.0 56.0 54.0 52.0 7:44:50.0 56.0 54.0 52.0 7:44:50.0
o (J2000) o (J2000) o (J2000)

| Chandra TR £

-0.46 1.10 2.65 4.20 0 - 0.09 0.36 1.45 5.77

x10-4 Jy bamt x1073 photone s! em™? arcmin—2 éhTL\T:ShOCk

MUSTANG on GBT 100m : 19.7*97 keV 1 :
90GHz, Effective beam 13.5” s - K
>30” DIFHITTILA—TRE 8.2+16 | 8.7 0 3
(Korngut et al. 2010) |

M=1.2+0.2 (BEEZXY)

- Vshock =1827+267-195 km/s §w:-_ H I 111 IT; ]
VAR -~ ?‘g Tl priz =T [

XREENLIEM=2.1+08 PRET IET R
1 Elliptical :ndi.?- {aze m}ﬂl @ Elliptical 1=!l.d.lusm(lrcziccoagd-ll

-3.56 -2.01

n, (ca3)

B, (kaV ca3}

Region I | Region IT | Region IIT

04|




Sunyaev-Zel’dovich £ & (SZE)
BT SRXRIZLBHEITREEL (SZ 1969)

-FEBPARIRL
RJI(ZYK): decrement

) "H = @E 2 IEIIE

>\ Thermal Wien(HJ=1JH): increment
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PLANCK (2009-2012) WMAP

7yr

PLANCK

<100GHz % f#REfy1. 5=
>100GHz $¥77—4 !

XT3

Coma at z=0.023

color: y-parameter (S2)
contour: ROSAT X-ray

217 GHz 353 GHz 545 GHz
5.5 5.0’ 5.0’

4l GHz 100 GHz
resolution=24’ 14’ 10’




SZE selected clusters

12—~ T~~~ "~ T 7~ 1

RASS clusters in mask

0.8

redshift

0.6

Planck/ESZ known clusters ¢ |

i Planck/ XMM contirmed A |
- -
1.0 | ACT

erendipious clusiers in mas .

Ade et al. 2011 |
] 1 | ] L ] ]

: PR I T T T L
0 5 10, 15
IVI500 [10 MSun]

20

* Planck (all sky)
189 clusters in 10 mon.

20 new
(Ade et al. 2011)

= SPT (4000 deg? total)

26 clusters in 2500 deg?
12 new <z>=0.74
(Williamson et al. 2011)

- ACT
23 clusters in 455 deg?
10 new
(Marriage et al. 2011)

* Only high S/N clusters.
* High fraction of mergers.



ALMA/ACAIZ L5
SZZh R &R
vIalb—3i3y
(Yamada et al.)

ALMA Specifications (rough values):
- ” 12m X 50 ACA ’
Band 7 [GHz] resolution[”] FOV["] _ _ At
(1) 31-45 13-0.1 140 Higher resolutions (Atacama
' Compact
(2) 67-90 6-0.05 80 Arra ps)
3 84-116 5-0.04 62 Atacama in Chile )Z
4 125-169 3-0.03 43 5000m above sea level mXxX12 &
5 163-211 33 Early operation: 2011- 12mSD X 4
6  211-275  2-0.02 26 Lower resol.
7 275-373 1.5-0.012 19
8 385-500 1.0-0.009 14
9 602-720 0.7-0.006 9 ¥Bands 1,2 will be

10 787-950 0.5-0.005 7 added in the future.



Simulated Bullet cluster
(Akahori & Yoshikawa)
N,=Ngpy= 1.2€7
— V,..=3000km/s
2X 104 M, 101° M, at d=2Rvir

n
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DEC offset {arcsec; J2000)
4] 100

—100

340 sec = 1.5 Mpc
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RA offsst (arosee; J2000)

R, DEC, NONE — @:00:26.200, —S8:0710.00, 1.00000000K-+00 at pheat §181.00, 18100, 1.00)
Spatisl raglon @ 1,1 to 301,301
Fixcl mep mmages: §

Rescaled to match the obs.
value y=3.3e-4 by APEX-SZ
(Halverson et al. 2009)

RA, DEC, NONE — @:88:20.200, —4H:M7:10.00, 1.00000000K-+00 at phxat {181.00, 161,00, 1.00)
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X
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e
— b
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g 2
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— i
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3 —
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g
| |
| 11
| | by
A A

Ex107%

0

130 Q —100

RA offset (aresec; J2000)

RA, DEC, NONE — :88:26.200, —EHH710.00, 1.000000000+00 at pheat (181,00, 161060, 1.00)
Spwtinl yaglan © 1,1 6 301,301

Pixcl mep mmoge: imlowd bullet ypor s _mein 1193 Min/mor=4. 36410 /89121070 Renge = O to 9% 107° JY/FIXEL {kn)



ZFDHDSZENE

1. Kinematic SZE (Sz 1970)
- AARGFES)., BEcV,, X
- ¥ ~230GHz [TE—%
- ARG BRHEBREIXEN
— 4000km/s HNIXALMAT

2. Non-thermal SZE (e.g. McKinnon+91)
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3. Polarization SZE (Sz 1980)
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