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F1Z Introduction

SRE[EE, SRET (), BT I X< (ICM), ¥ —27 <% — (DM) & & THIK S h
5, TOHENMIB X7 1:2-5:10-30 TH V. RAHOWFEUCENTUTEDO R 5T
ICM® DM bEETH 5,

ICM T X AR TS SHFINTRA. ZNETITHTS BT 6okt « 2 XA
(Einstein(1978-1981). ROSAT(1990-1999) 7% &) 1 & - TEUAIIFFFEAHEA T & /=,
BN XV E S NIBEMERFEENMEE VD & ICM H AN L > Tex
FNF— %KD DI 5K (cooling time) Z AFAY 5 Z LA TE 5, $RE[[r
NER D AR Tl cooling time 23~108~%yr TFHIF#E (1010yr) & D v 2 & A
5, TLDICM HAFHA TS e HEZ6NE, TLDOHZABBIAIIC LY =%
NE—=2LKD LAMOFERATA & ORICHEINEAIEL 5, ZONEZILD 5 KD
IR D H 2T OANTRNAA THE, SHICHETAHITAZTH L nHH A 2
W&V IRY Cooling Flow ET WML KAEL6NTEZ, LU, ILOFED &
WEL (92 (1993-2001). Chandra(1999-). XMM-Newton(2000-) Z& &) I & D,
HHC cooling DAMILZ > T HbI T, M sroMEbIEZ > Tnb 6 L
WEWD Z RNz, ZOMBUEOEATE LT LRI D AGN ¥ =y bR
SV axzy gy, SREHELOHR - HKICE 5 ICM NDOT )V F — Rt &%
b, TL TR, SRETIICHE S T D ICM H AIEEELAYEC T & T
Mehzd, bL. ZoELWELRZECDIZEWR LV D THNIE, FHOET
U — T OB 2 Bl 3 5 ECOIEFICHIREN WA 5,

AHFFETIE, He-like %2 Fe-Ka AR DFIGHEELZ R L . SRJM 0 ELAT O %
Nz, 9. R[N B T B HRHEELE ERAIC Y 5 72912 Geantd Z T
Sal—YaVREERERRLE, YIab—YarTid RfHo IcM ZIr R
HBELL., HESELORIHHZ RENCGHE S ® 5 2 2T, ICM o Fo ik z il -
CTHIRHELZHBL 72, 720 2 2 Q@R[N 2 XRRHIE T E < (2005-) @
T =D TARY MU 2TV, v ab—v gy e T 5 2 & TELAAS
COFEIHE 5 T E TNz,
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2.1 $RATHD X K& A

FHICE, e DFEATOLIRAR L [0 U2 R N IEBUC H 5. SRANFTFHTIC
—RICMI L TS D TR L, HEORA S > TR Z KL T 5, O
DDA EE NS RA OBUL 10-10° fHTH V. SRETINFES/JTH U 72FHT
IKKDHRTH D, Eie. ZOLMOITR Mpe ICET 5,

SR O BIINIFZEE 20 TS A TS u] UEHIRIC TR E 5 72, Z Dk, 1970
FERITT AV F O X FRHE Uhuru 12 &5 T SRIHIAERW X AR TH 5 2 & o8
WD D & N TLLK, SR o X ARSI SEIC R LT & 7z, SRAJHA 6 o X AR
oML, ol TCORBONME L RIS DN 2 5> Tnd, . 205
SHF L A CRZALE T, XHOLEIE 108 Perg /s ICHET 5, 2D LD mMHEZR
T XA AN = AL e LT MR 7o A= (R 107K (1-10ke V), 5~
10~3atoms/cm?) 1< & % BUGIENR A3 2 607z, 1976 FFIC Fe DFEAR B A3EH] &
N2z e e, REHID 6 O X #BENEER 7 5 X< (Intracluster Medium; ICM)
MEDRTH D Z LMWL -7z, 1984 4FIlE. Uhuru f#r4 O MKEE Einstein
BIEIC R0, XARKANEIEEZ O ERARCTH 5 2 & & i CHoK T Finic
LT e ELEZ BEFA TS HHTEL 2 e MR STz, §EFVIE
ICM ODEENMIDET N TH Y, REFHLMIOPE 2RT 3 &, THhLINTIEN
M —EICRDATIRER, D2ODNTRA—FTEFRINS, ZhEToOBHANCE
% WU 22l X 2N 24 0.4-0.8. 50-500kpe £ 72> T\ b, 7=, 3ETNVICLD
LMD S R Y 55 ICM OLHEIIHAGRI 0 2-5 450 H 0. ICM 1 F4R]
OWREZL L TEETHL L S2 5, EHIT. ICM OHEME &M & &
T DO %3RO B 2 L ATE, HAYHIZICM L A (Ri]) oHEZ Gb¥
LbOD510BOHERZ OO NS Tnd, Zhidk, Rty —2r<
B —WEIMEDOKEN 2 HDTNDLEN) Z e ERLTHS,



X 2.1: & HEREM O] g6 () & X (1) A A=

2.2 Intracluster Medium (ICM)

SR 2 XARCBIT 2 LRI 7200 T SRAFIM O I TH A 5. Zhid, SRi]
&7z L T A& T T A< (ICM) 226 OB HA TN THhb, 22T
1. ICM OFFEAER 2 YEEH MBI D W TRl 5, ZoRltdE LT, $RE[ENEET)
MICEHCHCEIPRATH Y., HEOKEYZMD ¥ —r <5 —MELHIIRT
¥y VI ICM MR SN T2 REEZ Z 2T 5,

2.2.1 X RBETHEE

ICM 22 & O X ARBENIEAHNTHNGTE T 5 X< 6 DT cH 0. BUHIENHU
12 & Bk & FERBENIC £ B T A VIRMSMT 6D, Ml T T X< it 5
SEWEL 7oA A v L ETHEEEEIL T BRED Z & 25T, BT —ar /i
Ko TAF NTHIEMMIF SN THEITHRMEZITSNS & FITETFERET S, 20
TR REAE % BUHIE R &S, BUBIENRUT (koY) @ emissivity 13 T & D1
KINbd,

el =6.8 X107 ergstem *Hz ™! ZaneniT_1/2eh”/k3T§ff (2.2.1)

ZTC. Zipn ni 3AF i QT BRI, n [ FETOBEILTH 5. gpp 13 free-free
W%uﬂ?ég%mﬁEfﬁﬁ/b@¥aﬁMhé F e, FHOTRERET AT
&, HT:He*™ =0.9: 0.1 &Y. ng+ i nge+ :ne =0.9:0.1:0.1&785DT,

0.9 0.1
Z2nen; ~ (175 + 22 ~1.1 222
Z ineni ~ ("5 + N 1)71 8n? ( )



725, —MIIC. nges =n;+n. & LTS, £ X (2.2.1) 2L BEUTHROY
THEeeNEEEONS,

1.4 X 107 ergs~tem ™3 TY%nn; Z 7235 (2.2.3)
Gl FEIOH T MRAFTHY, 1.1-15 D% & 5,

ICM DI, HEIL# (O, Ne, Mg, Si, S, Fe 22 &) @ Kﬂ®4ﬁ7ﬁﬁ?y9%
IV E AR 7R DT, He/H-like 28 A A > 7>, See@ERES NREEBICH O, HIBS 1 >~
%W%?éoL®W%%ﬁ%ﬁﬁﬂﬁ&woo%ﬂﬂﬁ%kﬁﬁﬂﬁ®ﬁﬁ®ﬁﬁ
EEADLE, XML TOLIITKT I N TE D,

LX_/ﬁv/ ”+JW3:/‘%MA@UﬂAUMdV (2.2.4)

2T AT(R), A(R))\FHRET L HILRET N F V2 A DBITH 5 cooling func-
tion. [ n2dV IZ emission measure T#H %, cooling function 1FZ < DAL ->T, &
7T X< Ok « WIRER UE L 725t AR ST b, 2D LD RS AN S
DAY h)V LT, Raymond-Smith €TV MEKAL ET )V & W5 138D DT
TND 5,

2.2.2 [BFETINV

ICM DEENMGZ LR T BET N E LTSN DN 3 ET NV TH
5, ZOEFINVIE HOCESRICHME S N2 IOM ASEEE CEOKE P % 48 - 7= IREE
EIEL TS, HADOESHELE TEIJDOD Y ENRRE

VPus = —pimpngas Vo (2.2.5)

MK LD, ZZ T P lEICM OS] gl FESJRT V& v )b 1~0.6 131D
P& m, 12019 % molecular weight T 5., F£72. nges 1T ICM DA A > L EF DM
TEEOREETH L, SMEROREHFFEALY, ICM DL/ JIE

P = ngaskpT (2.2.6)

TRINT, ICM OISR CH L L IET L L. X (2.25) 1 FA T & HicH

TR 6N 5,
kT (R)dlogngs(R)  do(R)

= - 2.2.
pmy, dR dR (22.7)




ZONF—HIC, EIRT 2 V2D HL T 52V H OIS b IKY 7D,
ZOWRENH o(R) LHEEY p(R) 252, DToA»Esn5,

2 pydlogp(R) — do(R)

o*(R) b ap (2.2.8)
AN (2.2.7) &X(2.2.8) 6. ICM ORUENEL & H/WIH OB REILIE nyyes o< p? & BR:
ffFehnsd, 22T gl TokoicERzSh, ICM & HYH o B HEY Y
DI NF—HEZRL TS,
_,umpaz_ g o, I 4

p= kT _Qn&m%mﬁ>ﬁmK>

RN HCE IR THL e WNEL T, 0% p DV T HCEJRT v L L
THE. ¢ & pDMITIFZLITORTY Y Y OADKY 70,

A(R) = 4nGp(R) (2.2.10)
A (2.2.8) &2\ (2.2.10) &7z TULANAIE King(1962) 1< &k - TH-2 641,

(2.2.9)

p(R) = pol1 + (7 (2.2.11)

&725 (King Model), 2 Z7C. po lEHOOHBEELETHY, RIFATERTH S,
Ih& D, ICM OREHEEN LI T D & D125,

g (B) = nof1 + (775
ZHNMBETNEEINDELDT, BIFEENMMOBEELRINTA-FTH S,
A (2.24) TREND LHIT, ICM DHATRRR Y @ X FBEEIE n2 A(T, A) T
b5, KBTI « BT 2 XAE. 2 ofU 2 G 1HICH-> TEL HhbEz b
DTHBHDT, X (2.2.12) 2D &,

(2.2.12)

o
R,
MEEICEH T 5 X MFEEAMEICR b, 22T rlZ2TCICEY L7 & & ok
ThD, 72 Sl

squzéwﬁ.uﬂAmh:%u+( 1230+ (2.2.13)

gas

_ Ney 2 L(33 —3)
A%—Mﬂm¢HWMﬁCF@% (2.2.14)
Y. R ICHM L@ TH L Z e BNn 5, ZoBFGEMNNE &, XAy
D6 ICM OERIENMIERD D Z EMTE S, ICM ODEENMIWBNNDS &, ICM

DEHBIIL T OMN 2FATT 52 L TROLZLNTE S,

R
%Mmz/hﬂwwwwwﬁ (2.2.15)
0

7



2.3 ICM DELT

FATHIFEC & > TICM ICELRANE X T 5 2 L AVRIBEN TS, I OELRDK
HeLTHEAOGNTHDHDIE. WAIEKD 22008 5,

(1) SR HIE £ ZRIC L > TBHVDOH AP E Y (V7)) & L TihiAL 2
Ik o TICM M &L N TELRASEEZ 5.

(2) SB[ A 28— JRATASH L <ENE[EY ICM DR & SELT 2 LT BT
DORENR (WS a7 ¥ a »)INEZ 5 2 & THRANEZ 5.,

ELAASEE Z - TS, 7 =)V I @ 2 KIS & > TR o FHIRE S S
HEhzdeEx 6L, ZD&D7%Z 25 RR INTFHR AR D KT iEzs ¢
H5eHEZON, KENIE T S hiz & b 5 k7 O U HE X #0EI
TEHISN TS, ZD7) ICM D WERIEE] (Lt &) 225 Z L I3HEERY,

o E T =
o

107

it

Fh-:rtons./cm2 5 kel
107"

ot

=t

10

1
5 10 20 50
chenne energy (kel}

X 2.2: Beppo-SAX U TEI L 7220 B SR [HD> & DR X AR o 2 X7 K
JV (Fusco-Femiano et al. 1999)

2.3.1 &L

ICMIIER TS XA<RETH Y, ke L CGGikTE 5, ZDBRICM DR %
FZRT HLEND L, FEICT) i IR0 ko ickEh s,

1
ng:mv%+§VV'ﬂ (2.3.1)



Z 2T, pldEREETH Y, ICM OREHEZ R T, ICM ISk D72V IRRET 1 FHf
DAFVIPSERDE T T A EMET S &, BRHERIIKD &5 I flcE s,

1
n ~oomgny <Ui>rms)\i

3
T In A
~ —1-1 5/2
5000 gcm™ s (108K) (40

22T min N W) pmss M ETENTFN, AT OHEE, BUERE. BUEENC XL 51
B1Z o5 LY, FEIARTRE TS 5, BRMERECHE ARIF L. SR L 13
VTHD, L, MHEIFICETF IR A A v 2k-THBY, HTroHEIC
FHEns,

KM MLV A I VA R, 250 CE 5, LA IV L E, Wik
ICBWTIRNEZR D i EERMEATCONT A —F ThHbH, ZOHENKEN
EHLAAVE TR TV, HE po TN OWEL v, RO =V & T5 L,

)t (2.3.2)

R. = pol (2.3.3)
n
72, RAFKRDEIICLHIT 5,
R, ~ 3M()\i) (2.3.4)

MIFRyNBDOZ T, M =v/c(c, 1 FHFR) & EFKSNS, R, ZICM THA S
&, RO KES [ =0.5-3.0 Mpe &2V, EFETA A > O FEA BT N
V.

T Ne
1081<) (103cn1—3
THobH, WITHERLTOWmETIIM ~ 172D T, R AT 100 & &b, TOERT
W REMRO A RATE Y KE R 05, SDEIITICMITL A IV ZRAISK
EW (R, 2 1000) 7= ELARAVEC R TV E R 615,

i &~ 23 kpe ( )t (2.3.5)

2.4 FIBEEL

ICM DL ZIEL ke LT, KEL 2 2FFHZ e TE 5, HF1ic, AN
7 MVOFERRDILIZY (T4 VR) o3RO D Z LN TELH, M2.312, H5HIREH
DXMANT bNVDYI 2 V=¥ a UhiRERY (Kawano et al.), UL 3.5keV
O MEKAL ®FNVEEL, BUEENC L2 Ky 7o —RoBRER L EG L, Bl
Ry 75— 300km/s DEFEINE L 2B EDO L DTH S, Fe ® He-like 78 Ko
KA MMTIT 2R EH L Cnb, ELiid O oG o LR L ot a & bR TS5 A

9



VIENIL IS THhBDNN NS, LU, ZOHETIHERICES Ry 75 —41R
v/c~0.1%. 2FV 6eV L FDOZRIVE = NMREENDE L 725, BUK O UL BLHIES
IR SN TV 5 CCD OMREEIZE VR 1200V TH 5 O TEUHNIIAA BETH 5,
21, HEEELZELROFEOFE L T b0 Th b, HEEHILL L. T
TRV F = ICM H D EILHEA A > DEMT 3 )V F — (] : Fe-Ka 6.7keV) & LI
LTS, BOEEO SNBSS 120FELL Tnb &2 I A 5BI5 0
ZeTHB, BHELZINE—LEILZRXLE—%2Y S T BNANT B L. ELH
A A4 OBEFMIHE SN 5, S N REBIEIALER D TT SITTLORBICR 5
N, ZDEXICE LT R —DHTDETEN D, HFIFAS L =510 & 1%
2. —REFEHIRE S NS, SR TELRASE S > T hud, lHERE 5 M A
Y UEELICHEART, IS o O TIEHIEEELORTHFR O BB K EVWD T, 2o
O HBEELIBHI I N ST T TH L, BELZZT R0 Ka i35y <72 b, Fe
FERR OIS K B/ Ka 13K E <25, —75. RMITEHLAASE Z > Tvhid, &t
FAAFWMLLEEHS> TR EEZIOND, 2L &, ML TOT RV —
MAF VOHBL XX L TRy 759 —3 7 M50 CHBEELLIC < &
%, HIBEELDR W & & D Fe AR ORI K3/ Ka WS HERHNICEHTETE 5 (M 2.4)
DT, HE#HEE 0T hh b HEEESOAEICOVWTRHRL Z 2N TE5, ZoTh
EABICMET AR, BRI IFER ST Ko AL 0 55 O FiiR
DORERREERSAET L2 ENEEL 5, Z07=%, KEMKD X ftkH s & 4K
Ny 7 75 R il A 72 K 8IHIDETH 5, XMM-Newton L=
TELLFEN TN EZRBIL TBY, HREELZ AN L 28l fllEidnlgETth 5 &
ZAbNhb,

10
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R
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; T
P

23 YIal—Yaritk VBN Fe-K T4 TILDAXZ bv, (L) 6L
L. (F)300km/s DEFT Z2XE L T2 (Kawano et al. 2004).

2 —

o5 | P R
10 160 1606

Radius, kpe

2.4: ELRMEIEL v I 2 b=y 3 Ik D 1E S 17z Perseus SR D Fe-K &
A ¥ D KB/Ka 18O (Churazov et al. 2004). 26, ELHOFE< v
N M =0, 0.25, 0.5, 1.
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F3E Geant4 lCJ:%

3.1 YIalb—YarvnES

HHE. AELOJE TR T TIERMNC L > TR TE S, Ll SR
B BHELOE G, ICM OFEREANEINC & > T D 2 & RWELEEINRE 2 0 15
5z, BRI Z2 SR ANCPEY L b D TH D I e 8 ZRT D ED
HLEDEMTHL, VIalb—YarhblE it k) B8 R o IET
LbHBTLZeNEETH L, TDRED, YIal—Ya itk THGELZFED X
JEETARDLDIFHNTH D L EZX D, RIFETIE. Geantd Z AW TERFHNCBT 5
HIEEELS I 2 L—3 g YRR,

3.2 YXalb—I3Y—Jb- Geant4

Geantd 1%, BT - BT - TR EDK T LYHEH L ORI T Z 50 « Al HAFH
ZIEMICY I 2ab— R T22DTCELABMMY I T =27 TH D, TLeITHT X
NE R IEHAT LB, Kok 72y I — T2 HINTHRE S
ZbDTHDH, BUETIEET RIS, FHRCE A0 R ., & 5ICFE
RONIIC Y IEH SN T b,

R GBI T COBYIIRER DS I 2 L —Y g v 2T 5HICE 0w B EN D
Bekd, 7arsaiBnl, KREOEEKEY., Ans2¥HoBEEL X
JEDZEBFEDRITHIFT DI Y AR, A XY MV =T DFIE. K FOIBMRENH 5,
Geant4 121%. LitZ2EHHT L7007 V3D ZLADRMICHE I THWA DT, Wik
MEBICYIalb—YarET)2eNTEs, RIHIcBI2EEL DY I 2L —
Yoa v ERITOEEIE. UMYHE 2 THZER o ICM & &2 L. SO R s LR
M2 HRERCHET L Z kick b,

12



3.3 YIal—Y3arvoimh

Geantd ¥ CH+ SR CHPNLA TV =7 MREHO T TSI L TH D, 7T 2]
LIHEND HAMEER b o T a s I ak il LTHRE WG, 75 2] 1cHE
HEZeoa—ReHE, horEewdZick->T TR 0S5
LEAFRT B Z W TE S, ANIFETIE. geant 4.08.01 version Z{H [ L 7=,

H3LCEDEIBYIab = ar&ITINERL. M321I0FYIab—Y g
voinERYT, (DHMET 5, 2oL EichH 6 UOFIEL TR Mo
R EMIRE NS, (2) KT ERIEX 1L >ToFRESE S, 3)PHHADHTRES
o, (4RO CE b et 5, 20 &) Rih THRF Iz HBLY
5ZriCT 5,

$RPTH it

HF )

31 ¥Ial—Ygryolf

(Y

L e ARV M IV—TF
RunManager
QE?I@ Z)—'gﬁi (" EventAction h )
RIGDE
AFOREFIEOES @ HFFRAE | PrimaryGeneratorAction
WEAEDES
etc... ClusterConstruction

3
icwhToRm

@ KAFoE | sp

- J

PhysicsList
ResoScat

M 32 Ial—varyOoKRKENPRIN
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P2 —F —=2ETE L X227 T RO THIAT 5 (X3.2, 3.3 3.
ClusterConstruction

SRE[F A (ICM) 2R T 527 7 A,

Geantd DT 27 T AL TR TE S L D12 > T3,
G4Sphere... Bk% &
G4LogicalVolume... #XE# (k. &L, WL, ete) ZHRE
G4PVPlacement... ff > 7= b O Z I v K

SD(sensitive detector)

Mes N T E L7z FR2I1BMT 527 T A,
VIalb—Ya VMR EIEL Coutput 756 & ST E LR D,
G4SensitiveDetector... Ki FOIRMZ1E D X D ICHRIE

EventAction
A XY MR OEIFR viewer (HAIFOR) Dbz d 57 7 A,
PhysicsList

KERTEZ VELYHNBRREOREE T L7 T A,

Geantd RAKITIE. RO ¢ 2 UEEFEZ HEL 72 7 T AR A > T 5 DT,
COIEERM O NE 2 TCHRET S, TN T, FEIHHTRO/NS WY DML
Rt LTH bbb,

ResoScat

HIGEELO W 25tk 95 7 9 &,
Geantd IIFHEINTHRWOTAHENIAATHEL 7=, A B TR EELEFE
ZRET 5, PhysicsList 7 AT, 207 T ADIIEHH D L HITHKET 5,
PostStepDolt... #£ Z U 15 5 X & ek
GetMeanFreePath... [JOHESR %2 k8 5 P15 H AT 2 5ok

Randomize... LB % #4925 G4UniformRand() BE % -5,

PrimaryGeneratorAction

AR OFEERET D0 T,
Ko, FAELM, TEAVXF -2 HRIORD S Z 2R TE S, SMTkT=X
T RAEBGA=ICM W& 2 5,

G4ParticleGun... AJffI T2 FAESE S,
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—| G4Sphere.hh

ClusterConstruction.hh

|| G4LogicalVolume.hh

. G4PVPlacement.hh
ClusterConstruction.cc

SD.hh

i G4SensitiveDetector.hh
main() SD.cc

__| EventAction.hh

L_| EventAction.cc

| PhysicsList.hh

PhtsicsList.cc

ResoScat.hh

4|: Randomize.hh

ResoScat.cc
( PostStepDolt

GetMeanFreePath

33 YIal—Yaryrarys Lok
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3.4 YIal—Y3r7O0S5LOKEE

KRS CABRD Y I ab—YaroFarsnald, Ko 4k THET 52
EIMEL LD, (N1AXNY R ZeDEDLIA, (2)ICM DV A~ VA kLo
Wk, (3) AgPtr oA k. (4) eromitifaik, LTS (1)ResoScat 7 T A,
(2)ClusterConstruction 7 7 A, (3)PrimaryGeneratorAction 7 7 A% <
NEDEIICA—P—FEL T 5, (4) IO TUE3E3[ITIHkRS Z &I
5., 70T L0 BREMNCGRETHL20TZEE 5 BB UI LW,

3.4.1 [XIGDSCIR (ResoScat)

Z 2 T EICHELKTER & BELA 2R T 5, Aoy Iab—Y 3 VT
N2 UEGEL (e ay) & HRIREEL (T A > koY) o 2 B OBELEZ I IAAZE,
MY VEELZ T T N VEELOR T 2V F — MR (hw < mec?) T D, 22T
N UEELOKTERIE 2 94 > - LR oA TH 26N 5,
dOcompt T2 1 ¥2(1 — cos 0)?

e 1 2
dQ 2 [1+ (1 —cosh))? eosTf 1+ ~(1 —cosh)

= (3.4.1)
ZZC, P2 IFEFOHMFEE (a/mec® =2.82 fm) TH Y. v = Ey/m.c? (Eo(= hw)
FIARATFOZRNEX—)TH D, N (3.4.1) O HMIRE & o TETARM TN
52, bAY VEELOSKINIE or = 6.65 x 1072 em? &3 RFE S, oLV U
flicid. AIDETF @~ 2 MV L TEEZAHICEELS 10T v v 5 HH
o5, MLV UEELII YT R VEBELO T VT XL ERWTHBIT S Z &1L
7z. SME. BEko G4LECS(Geant4 Low-Energy Compton Scattering Package) &
W Ny =D A>T T7NIY XLEBFHL -,

HIRHEELE 2.4 BICHANT= LD 2 UETH V. KIS op KD & D ITKE S,

B En) o4z

22T, Eps 3T LHEILHE (A4 V) MEET L)V~ fio 1TIREf 78T
5, £3IVIBUEZIRT, ABFEUNZ Ky 79 —4RIC K 2 HIBT 2 )L F — DlF
BRL.

f12

(3.4.3)

' T\ /2
szaﬂz%(@)
C

m;c2

EHETB, oo YIab—va Y TCIHELROMRE M AALLEDR D 5, LD
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TEIHE S vy & T2 2N (3.4.3) 1BKD & 51T 5,

kgT  v? 1/2
N§:<%<£§+{?) (3.4.4)
~ By | B (14 1.4 M) (3.4.5)
m;c2 m
i P

ZIZC MFy eI WETOFE ¢, &L v DI (v/e,) ERTEITTR
THoDH, HEEELOBELGE—EF e L. 2hEeEBlIT 5 -0ciUE AT
%, BELAIEZRET 2% % 3 TR TH R D &,

¢r = 2mrand (3.4.6)
0r = arccos|—(—1+ 2rand)]

%5, 22T, rand 1% 0-1 DFEILTH 5. Geantd TlE. G4UniformRand() FIEX
20 TR (0,1) DELE (NEER 61 E T) 2Ikd Z 28 TE D,

Ion  upper level Ers(keV) f12
Fe?*t  1st2p'3P, Ko 6.6684925 0.0687
Fe?*t  1st2p''P Ko 6.7011266 0.703
Fe?t+  2pt 2P1/2, 32 Ka 6.9519639, 6.9731781  0.44
Ni26+ 15t 2p!'3P Ko 7.7668938 0.0883
Ni26+  1st2pttP Ko 7.8062340 0.683
Fe*  1s'3p''P,  Kp 7.8820244 0.138

Ni*™ 2p' 2Py 55 KB 8.0731039, 8.1017429  0.44
Fe®™  3p' 2Py 5/ KB 82636944, 8.2526875  0.046

7 3.1 BT )L ¥ — L RE) 7% (Kotani et al. 2000)

BOELKTTAIFEAY R E 5 & ICM M oXF O FEIH BT 23RO LM TE, RD XD
ICET 5,
| = (nA;Fio)™! (3.4.8)

ZZTC n FETOEEL A TR T A A O7 N F YA, FE[ECILHLT
FOFETRRTTT & HIGT 54 4 L OIFEEH. o(= or +0g) 1F ICM H1 OHEELKTIH
MTHDH, AV F R KRBT S &4 /K% ofiffittoz e TH 5
(% 3.2). FIXRJEUKAFT % (Rothenflug, Arnaud 1985; [X13.4), ZHUFIRILIC K >
TA TV OEREPER DO THD, e no~ny LIPUTEZ2 DL T 5,
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WEIE N LY VEGELOKTHERO K EL HE VEGEUSE S s, T x
IVEF =D Epg L0 & 13 EELOKTHEIFE BT A & < 22 D BELANE 34
AL

fraction
o
o
T

0.01 . aS— . L
1e+07 1e+08

Temperature [K]

3.4: Fe?** (f%) & Fe®+(4K) A & ¥ O{F{EH (Rothenflug, Arnaud 1985). A = ifit
J& (K). #Ell 2 fraction,

H 1.00

He 9.77x1072
Si 3.55x107°
Fe 4.68x107°
Ni 1.78x107°

K 3.2 BILET NV E VA

18



3.4.2 SREIHISEEHA R (ICM) DIEAK (ClusterConstruction)

CZTIHEICICM oV F X MU KREZCIRT 5, Geantd TIEIHRFIITHERL A
AT HboER/A R, ZT2T, X3.50 &K HITICM IFERETFRE LTHOD S D
PREE R % log A — VTR L 72 = )b ([ DERR) 2 ERGhEZbD e Lz, Y=
W LIEE n(=ng ~ne)s WET. Fe E NiOTVNUF U AA 2525, 5
12 Fe & Ni DFFRR DA% HL7-no T, oEITTZITEZ TR, nhdGeantd TKZ 5
HIETRREZ Tal>TLE S 2D, BELEER P o« noL (LIIFTFOEN S IHRE) A3k
FEhsd &Hic, RokH1Ar—9y 7Lk,

L : 1 kpe(=3.0856775807x10' cm) — 100 cm
n:1em™ — 3.0856775807x 10" ¢cm™3

X 3.5: ICM &> = JVIRICHEI L 724 XA — 2 & LA

ICM DR, . 73N & 2 AT Centaurus SR D KT — & (X 3.6; Sanders,
Fabian 2006), Perseus R[OS (3.4.9) €T )V (IX]3.7; Churazov et al. 2004)
REEBHELICL, 400kpe T TC36NMHIL 2y = V2 ERGDESZ L TICM 2 HE
L7z 2@ 22 ORAINEIEITIIZEC & > TELROAAEAVRIES W TB Y, 4lalv
Ralb—vavilkoTZor el %2 BT 5,

L _A6x107 L A8 1073 -
e [1+(57fpc)2]1.8 [1+(20(§<pc)2]0'87
1+ (71)?
7’:7——iﬁgl-mv (3.4.9)

2.3+ (71kpc>3
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08 ——

! i
[ B

Abundanca

1
10 100 1604
FRadius, kpe

3.7: Perseus $RF[MO7 N &
Radina i) > Z (Churazov et al. 2004). Fifi%

PR FSEIETNTH D,
3.6: Centaurus $RE[MOTE T OREHIL (). i
(). 7NN H A (F). (Sanders, Fabian 2006)

3.4.3 JEFREMDEI (PrimaryGeneratorAction)

Z 2 CEFEIKTORAERMT L LT 5, ICM O HATRFEY Y o X ARBUTH
n2,, (= n?) KT 20T, Zhicy = Vo lkkET 7 7 4 — R? 05 2 & TICM
IR DRI AEPESND, nid 3420 TCHBT AN LEICICRS LDICT
5, RPn2ICHED & O ik FTHE ((HESR) & En s kT E k> TR
ET D, ¢, 0 HIEMEFEHIIMITHEEL T A (3.4.6), (3.4.7) &[EOF
FETEREIRS 72, £/, RAESE LT ORI GIINI—MFHE Lk,
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3.5 HEFILVIalL—Yay

3.5.1 HELIBFEDENVERER

PNy I 2 b= a y&2{T7ORNS. HATHAAALZUL (3.4.1 1) EL
SIMRENTNHNE D EENID D, ZDRDICEFILRYA AN 2 AW TEIEER %
Tolze 2T T2 MR L. ICM &AM T, A
T OZEINT =% HIBT X))V F— L [6 Ul (6.7keV) ICL THITH Tz & 2 A,
HFIFEELL 72, UDSIEL K JXRE T 5 Z & MR S iz,

scattered photon

incident photon I

plate

3.8: HUlLA X b OENERZ L 12BRD YA X R Y

3.5.2 ICM N TORICDIER

KIZ, 342 TNz L HITICM ZRER L. ICM HULD 1 5506061 % x il
MCRAT L. MIBT 57200 TN 7z, AT DT RNV F —% 6-9keV T
— AR IR V. 100,000 [MIFESS L 7=, B A A B U OMEIKIX % X 3.9 1R, (X
3.10 ICHERAIR 2 7R T, 6-9keV DMLY & HUELS LTI S N T A ks
RAx25, £z, GLROTFEREL M =0, 0.5, 1 EEZTHL & TA VIENAI S TN
LDMNN5,

ICMshell

detector

©
@ incident photon direction I

X 3.9: ICM CTORIEZMERL I2FRn Y4 X MU, ICM @ HL» SBR[ D -
THFE2RITAH, L2 ETICICM ZIHEL CE=6h > hE&h b,
BELT B o v b S,
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_ test Per M _ho
Entries 96183 Entries 95296
T e e B T ———] Mean 7.499 ——— T ——— ——— ——1 Mean 7.501
RMS 0.8692 RMS 0.8679
— - . i i Al i A
TR EAouE v | '-v“mr'“"lu“ s "*W‘I vy Wit A e Y
W‘ 10°
10% |
I
2] o
€ €
3 3
8 810
10
1
e e == == =
energy (keV) energy (keV)
_ test Per M=0.5 __ho
Entries 94519 Entries 92805
T —r— T T ———] Mean 7.505 ——— T ——— ——— ——1 Mean 7.51
RMS .8718 RMS 7 .8734
et bty i b By
10° I T | Il
i | {f
1 4
i ]
1
2] o
€ €
3 3
8 810
10
1
N o R R & == = =
energy (keV) energy (keV)
test Cen M=1 ho test Per M=1 [___ho |
Entries 93842 Entries 91365
T T T T T Mean 7.51 Mean 7.514
RMS 0.8731 RMS .8773
WM% M'.PJ. iy nL‘w‘-"m[\ fprinyirtioepagli Wﬁﬂ“ﬂwm ruw] M%MW P Al
10 i i 10° i I
tt 8 18 { i
1 I 1 i
Y 1 L8
[ Il
" I e \
c c
3 3
8 10 810
1 1 ]
i
6.5 8.5 6.5 8.5

energi{ (keV)

energ‘y (keV)

X 3.10: Centaurus $RE[[ (/) & Perseus $RE (17) T O JXEDAK T D hf GG R
L2 S ELATHEE M = 0, 0.5, 1
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3.5.3 MLAE

V3alb—Ya YCERROETEMRB L2 e il S haanREROL T o
TNCH KRR P> TLE S, 22 CRAHAZERIROM TR TEORET L5
LT WAWABRFECHE T T2 TRIETES L 01ICL 7, My X
MU ZBALITRY, JET DRI - BUEL & N7 AviE 2 SR O & o Rk
RTHRL. ICM % A, MK OEM LT DO AR T DT HIEE o & T
5 &,

R = Asingp (3.5.1)

THd, £, o THAGVRAZ QTS (X3.123K) &, ¢ & QIFKDATH
R ens,
Q=2m(1—cosp) (3.5.2)

ZZTC, FRoBHIT -2 2T 0z B EZDL, NTTCIE. HESET
BohizA A=V % LT, RAFATONS DB 54K Qo DIN DI T 25D T AN
7 MV EAES, ZHlE X311 OFEBTHICEHIFE LG, H 5 AR o &
DNEOAIETAS LI T2 RS 2 L1IIET 5. oo INDOKET- DR EZZTENS
EOIT L FERoBHZHEBTLILNTEDS, /7 20RO TR
AHZHGZ & T, BT 2L THZ RN TESL,

3.11: MthYA X MU, dREMHES & 2
Y, HTrEERESRWEIITICM 25Ee 3.12: o & Q OBHRELRL 72X
WD &9 Ric T 5,
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3.5.4 SRAFICEIFIBRHERILIaL—Yay

HIfiE CCYIal—Y a vollEiEne T8 72, Held. FMHcEbe TReE
IEBIHTFOZRXNF =R ET LEMOVLIHE 2 ZEZA T, T—F 25,

HISEELD 2 IRTTHENM

FATIFSEIC & 2 & SRETH o ORISRV 720 % L O & BT L T b
PY. IRE) T DK & IR BELEZ S R T, £ DO FEIEEE O
FOERCIRA L, AMICHIn L Tl a b, 722 C, Fe-Ko fift & HLIRAGELT 267
DT & HIEEELL T o FoRWE NS Z LIC L, KT —
%2 Zh 6.65-6.75keV(Fe 74 » k1), 6keV (HifraksT) T 1,000,000 [0 9> FE4E
SETC, FRATINCESE L 2 2 O EME 2 HiNTz, ¥ Iab—Ya VAR EZ
3.131TRT, HHRURIMIHART T A Vk/r CTld, Centaurus SR <40kpc. Perseus
PR <70kpc THTFEELES . MUK 7 v "R T 000D 5, Hilik
ELT, AT T Irhbn v I ab—Y a VIR ZX 3.14 1I2Hf#& T 5, Churazov
5DV I al—¥ 3 T 70-100kpe fFILTHAPNIKRE LR D, —J. ShlY
R a2 V—¥ 3 ¥ L7 Perseus SR CTld~70kpe TN LIERD T 50T, it
FILCLO)RHRE LTSRS,

10° & e 10° e
= ) -

counts

10 radius (kpc) 10° 10 radius (kpc) 10?

3.13: Centaurus $RF[M] (J£) & Perseus SR (7) IS B % Fe-Ka DA,
ARFHIEEL R U Glfeky), SERIRAELD O (51 k) D Iab—va v
fRTDHS,
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10

100
Radiug, kpe

3.14: Churazov 5D I a2 L — g V12 & 5 Perseus SR B 5B Fe-Ka f# D
FENME, FHRUTHIEEELZ ZRB L 720 0T, ARRIIHRIEEELEZ ZR L Tunvny
DTH 5,

Kp/Ka bt

2RI RMIORIRE RS & SRETH o Hu AT IT THIGEELASEZ D v e
EITREND, ZZ T, Centaurus SR HULA 6244 40, 80, 80-160kpce.  [Glf%
I Perseus ][ D4% 70,140, 140-280kpe DIEF 2 HED T, TN Z N KB/Ka lb%
HARB Z e ®HEATz, TRIVF — 6-9keV T—HMRICHR 5 72X F % 1,000,000 [HFA &
¥, GO FEHE M =0,05, 1 22Ty Ialb—yare2idhlz, To4R%E
3.15, 3.16 1R T, GLIHIE 2 KE L THIXONT T A VIENL 5 TO L AT
HA%, £z, 6.7keV 74 VITHELZHZTTEY, ¥ICH £ U EELE T R0
TOICHA NI A B D, Fe¥t T4 2 DAT Y MEDH Fe-K3(7.88keV) /Fe-
Ka(6.7keV) 1. Centaurus $REIMTIFELIA L DL 3.1, M =1 D(LAHY D&
X 192720, Perseus $RAIMATITELFRZ L DL X 25 M =1DEHHYDE X 1.8
& foﬁo 730
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Cen 40kpc M=0 10 Cen 80kpc M=0 ho Cen 80-160kpc T
Entries 153121 Entries 302172 Entries 264073
i i T T T| Mean 7.494 ‘ Mean 7.495 | Mean 7.499
RMS 0.8676 RMS 0.8671 668
102 re {
S '
2 [ H 210° ! 2
£ £ £
s | s 5
3 3 3
8 8 8
10 | [
10
6.5 7.5 85 6.5 7.5 85 6.5 7.5 8.5
energy (keV) energy (keV) energy (keV)
Cen 40kpc M=0.5 Cen 80kpc Cen 80-160kpc M=0.5
RMS
10*
2 o ] 2 2
€ I T € 5
s s H
H 8.0 H
10°
10
65 75 85 65 75 85 65 7.5 85
energy (keV) energy (keV) energy (keV)
Cen 40kpc M=1 Cen 80kpc M=1 ho Cen 80-160kpc M=1 [ n ]
Entries 301224 Entries 264026
‘ 196 | Mean 497
RMS 72 RMS 0.8673
10 | |
2 j 1 I 2 2
£ £ £
s s H
3 I 3 H
8 8. ] 8
I 10°
1
65 75 85 65 75 85 65 7.5 85
energy (keV) energy (keV) energy (keV)

3.15: Centaurus R[> I 2 LV — 3 R, e 6. 44840, 80, 80-160kpc.,
e, BLMERE M =0, 0.5, 1,
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Per 70kpc M=0

10 ¥ ! f I
a I
€ 1
H
3
8
65 75 85
energy (keV)
Per 70kpc M
- Entries 245871
| Mean
RMS
210 -
£ ¥
3 !
3
8
65 75 85
energy (keV)
Per 70kpc M - —
- Entries 244752
| Mean
RMS
2
10 1
3 -
S |
!
65 75 85
energy (keV)

7.502
8694

8696

Per 140kpc M=0

ho
Entries 475041

Entries 351118

|Mean  7.499

RMS .8677
» i ' 2]
€ €
H s
3 3
8 8
10*
10
65 75 85 65 75 85
energy (keV) energy (keV)
Per 140kpc M=0.5 ho
Entries 473438
| Mean 7.499
{BMs  o0.8679
£ 2 .
£ £
5 v ! 5
3 3
8 8
107 10°
65 75 85 65 7.5 85
energy (keV) energy (keV)
Per 140kpc M=1 ho
Entries 472618
| Me 75
[BMs  o0.8678
[ |,
2 o
H H
3 I T L | ‘ I 3
8 8
10°
10
65 75 85 65 7.5 85
energy (keV) energy (keV)
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3.16: Perseus $RA[MD Y I 2 L —3 3 VAR, £ 6,
e, BLMERE M =0, 0.5, 1,

%70, 140, 140-280kpc.



F4a4=E

SR

’
| —

4.1 FENTTR DERA]

VIial—YareBlilly—F 2Rl GlitofE X5 72®1C Centaurus
SRITFA L Perseus SR D 2 D DRF[IC O WTHNT 21T 5 72, & D 2 D DERE[[
T S DIEELY L IFELIAVEL Tnd e Z2 6N Tnw5b, mEOEIANC k-
THISN TS BRI MO %2 K 4.1 1087, HIRBELIC &S5 T 1 V&2 FERL
fANT L 72T, BNy 2 750 0 RERBILTWS 148 iiitor—7%H
Wz, Blllla 7 %25k 4.2 138 5, Perseus $RFJHNIC Wi 2 HBUHL 9 HEH o
TAEENZENNL, iRT sz il 7z,

D HRAT

cluster name

z kT (keV) Lx(erg/s)

Centaurus

Perseus

0.0114 3.6+0.4 9.7x10%
0.0179 6.240.1  3.0x10%

K 4.1: AT U 72 SRT I D A M

cluster name | SEQ_NO RA DEC date exposure time (sec)
Centaurus | 800014010 192.2054 -41.3111  2005.12.27-29 5.089x10°
Perseus 800010010  49.9504  41.5117 2006.02.01-02 2.097x10°
Perseus 101012010  49.9504  41.5117 2006.08.29-09.04 4.534x10°

3% 4.2: AT U 7SR o & < @flla 7

4.2 XHBKRXEE IT3<]

4.2.1 T ILKEFEHEOHE

T EANF 2005 7 H 10 EICHT B LT &7z AT 5NH 0 X MRS TH
%, T 4 DO X At a8 XIS(X-ray Imaging Spectrometer; 0.2-12keV)
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& 1 DD X Atitias HXD(Hard X-ray Detector; 10-700keV) 2B ST 5, &
D 5 DO T U KARZ [RIIRFICBI T & 2720, [NDT )L F —i (0.2-700keV)
TORBEBIHZKBL TWh5, SOlOfifH T I3AER 6. 7keV M IO 21T 5 D
T, XISOT—%ZHiz,

4.1: ¥ & Lt ofEl

4.2.2 XIS

XIS134 5D XHCCD A AT ERK S, KIKDHRAFE X ARAXT MV DEX
HBEHN e LTEFe iz cdh b, 40y —22hZh X0, X1, X2, X3
&S, COD ARSI (Frontside Illuminated; FI) & EAIMSSM (Backside
Iluminated; BI) 2% V. X0. X2, X3 ® 3 A2 FI-CCD. X1 BI-CCD T 5, FI
T X ARENLUD S AT 5 72D T 2L X — 0 X ST EMH%E TRl E T
L¥9. —7. Bl Tl X 2B fln 65 AH T 5720 T %)L F— 0 XARIC
LTRGBS EZE 6N, £z, RodbTEEICHRT CCD 0ZEZH
Z2M5ICT 22T, BT ANVF—D XU T HEIL D[] LT 2 (2TkeV TH 2
&) 7, Mo TR ZENTHS,

4.3 ARY NIVERIT

ANRY MUVIERTIE,. BHHICHE SNz AR ML EHEGIICEL SN &> h o H
NI A—=F 2 Y DETIVANY MV EIRL. 2 MEIC K > Tl /" T A — 4
HE2RD D EVITNTITH, BT —ZIIMRERDO VAR ZABEEN TS
DT, BEFINVARYZ MUVITHRESRDO VAR ZAEREZZR L2V o285 —% D
ARG MRS, =2 WL (ZX7 M VOERZL &) 121E XSELECT ver 2.3
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HET 17.8x17'.8
EERV[ITER 1024 x 1024
1HFEDOY A X 24pm x 24um
I R 0.2-12keV
TNV F —MREE  ~130eV@bkeV

3% 4.3 T A XIS oMERE

4.2: XIS(X0) THxfg L 7z Perseus $t]

PHA L, £72. AXTZ MUV T 49T 4 U ITNE XFRAXRT NOVIRRT T —#% IS
b Tv5 XSPEC ver 12.3.0 Zffif L 7=,

4.3.1 T—HNIE

S OfFNTClE. Fe-Ka ML D55 KRR Z KL & < AFED 0 72w, 22T, XO0.
X1, X2, X3ZNZho#lllT— 2Pl /lc AT MV ELETERGDOETHY
YEhU—=bREKREWI TRz, 2 HREELCE 2 T4 v DR
R LICHIY B7zoic, SREHoHLD SR 1, 2, 2-4 M1 (arcmin) ICHMT TZ
NENARY MV EAFS T2, BEORED S D lux 2 B Y 2BIE KL S o
STFN (N Z Ty R) 2L e MEREL 25, LL, SRR L=
2 KIRFE B0 B, fioidE % JFS 255123y 7 759 KON
IV, ZDRD, EZLJLK»PDLVIINy 727757 RICEENLFEMEETIVICA
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hbzZeTEHERLI

eeeeeeeeeeeeeee

4.3: Centaurus(/£) & Perseus9 H (17) O 10 (F). 200 (). 2-4 70
(i) DARZ b,

4.3.2 EFTILARY NV

WS 2 CE LRV BE LS HAML Y 20T, EFIVARY hv e U TR
DI BN 22 i 2 FE L 72 bremss BTNV &, iR EZ ZRICANI &I A VD
zgauss ET NV EERGOELZ O OEZHNzn, ZoFX XTI X—=F L L TICM Oifi
JEME L 705, FIAMIFRONZ RV AT T 19 T4 V7 LIc MR OA, R
WEANRT BIVRIKDIEN S PIEL T2V, £ 2T, £790.7-10.0keV OHifH%Z MEKAL
ETNVTT 4y MLTREZRD, Z DIk 5.5-9.5keV OFUFHOFEARIHE % KDY -
7o PIFICEF NV OHIAZ RS

MEKAL E7/VRUHERI (wabs) €TV

ICM 26 [t &7z XA, SRR R % aidm L CHEERC fi < RNCAERT A b o T4
CFERINEFZ LTLE D, *ﬁﬁ%&?n B HICH 1 OEIG £ JCEEIRIXDKTH]
Fho, BIKRDES L T5HL,

A(E) = exp(— Z nf;oi(E)d) (4.3.1)

L5, TZTC Y, fio R RNTIRE - ETH Y. EMHADFRINIAFET
3?)5 K?t}‘ #HQ ”&”XaiNH—ndc‘:‘«\O/\7X 57.(?‘%éﬂé k_h%f*?::
Ht’nﬁﬁféﬁﬂ??)\ WA Ng~100em 2 iz & 5,
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MEKAL & 7 WEHFHNSHOEE T I A< 6 ot ET Vv TH 5, X (2.2.4)
DEIRIFELTBY, ARSI RA—FITICM ORJE LT, EILEHT NV F VR A,
normalization T %,

ZD2DDFETIIVEFWTICM 3R (14 0-1, 0-2, 2-4arcmin) DL ZRD 7z,

bremss €7 /b

ICM 7 & OBUEIENINETIC £ 5 X FEANRY NVDETFNTH L, A7 > OFERIET
FEERIN TR, HH/NT X=X ICM OEJE kT. normalization T&H 5.

zgauss €7 b

gaussian I % LR L 7120 D% zgauss BTN & WD, A T > OFFRANETIC
LBT7A VBN DETNTHD, RDEDATRES,
K (B(1+ 2) — Ep)?
A(E) = —— _exp|-
() V271o2(1 + 2) P 202
ZZTC. B0z KIFZEhTh, O x)VX— T4 ViR, 555, nor-
malization TH 2., HHNSTA—FId o, 2o K THDH, FRICANIITRZ K 4.4
IZ7K9, bremss BTNV E zgauss ET NV E L L GhEL b D ZRNER T Z X< D
BETET IV E LT, FETIT (5.5-9.5keV) DAY "MVET 4954 27 LTz,

Energy(keV)  Ion
6.7002 Fe?4+
6.6679 Fe?4+
6.9728 Fe?5+
6.9516 Fe?+
7.8053 Ni26+
7.8813 Fe?4+
8.2500 Fe?+
8.2930 Fe24+
8.4600 Fe?+
8.7000 Fe?+
8.9080 Fe?5+

3K 4.4: zgauss ET NV THBLIZT 1~
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4.4 ARG NIVERITDSER

SEIDIENTIE. AXZ MV EETZ & TRAEZHEPL L. SWFERE 2 KE R <
FFE® U 72wy, [ 4.3 1% Centaurus $RET [ % O Perseus $REJHD AXT MV TH B,
Centaurus l&. Perseus & AR THARE RS HITIIHEHPL D 2N K ICH R A 5,
SREMBPIR T L D AR NV ZNENET VT 49y T4 7 L. Ka 6.TkeV 7
f et A4 otz ey, HmE e o & > CRIRSELOA M Z STl L 72,

4.41 FFNITa4vTa4 T
BEI4v T4 VT

MEKAL*wabs €7 )V C 0.7-10.0keV O#lifl % 7 1w 7 14 > 7 L 72l % X 4.4 1R
T, 6-9keV DFFRRTT —F LETINDIEMNKEL, FEL T4y hLRWZ &N
AL, THIIKETCIRT 2, EF VT 4954 Y712k > ThE 572 ICM D
J% kT %35 4.5, 4.6, 4.71T#cE 7=,

normalized counts s-' keV-!

T
20 1

N‘”: 1: “‘"Nwm o MMMMMMWMﬁMMWW
W..,m.,.»,w e g A S SRS \J
X 4.4: Perseus SRl (9 H#ELH) & MEKAL*wabs(JEEEIKIX) €T NWVIC KD T 4w

F 4 vV FERORINVIZETFNETF— 2 DBETH D,
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BRI 4y T4 T

MEKAL €7V TlE. flIDWHRRDO 7 19 7 4 V78D L bk, £ I T,
bremss-+zgauss €7 )V T 5.5-9.5keV O#ifiEZ 7 4w T4 »F LTz, ET VT 4y b
L7tk F ol 24510~ K44 D54 02 ZNZE N zgauss ET NV THRBL T
Wh, £ KRBURAMT — 2% 749y T7 4 YT LAY V&A1 4.6, 4.712,
zgauss ET WV TCRE 5 72T 4 VD norm B % 5K 4.5, 4.6, 4.7 IR,

data and folded model
Bremss_zgauss.qdp

---------

0.1

0.01
I
(5
£

107
I

\Y
S

normalized counts s-' keV-!

10-°
I

107

Energy (keV)

4.5:  bremsstzgauss ET NI KB T4y T4 Tl J& 6.70keV(Ka).
#:7.88keV(KfG). ##%:8,20keV(Ky) DETINVANRY MVTH D,
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1-A\® ,-S SIUNOO PAZI[BULIOU

4.6: Perseus 9 H (J£) & Perseus 2 H (15) DET N T 4w T 14 ¥ 7, KR ET IV

AT MV, BT -2 THbH, s, 1,2, 2-4arcmin,

35



11111

1-A\® ,-S SIUNOO PAZI[EULIOU

36

4.7 Centaurus DETIVT 49T 4 V7, FHREMETIVANRYT v, 4 DELH

T2 THbH, L6, 1,2, 2-4arcmin,



Per9 A

arcmin

WE
kT (keV)

normalization

Ka 6.7keV

K@ 7.88keV

K~ 8.20keV

0-1

3.85£0.01

(2.08+0.41)E-04

(1.65-£0.36)E-05

(6.59+3.61)E-06

0-2

3.95£0.01

(5.8040.23)E-04

(4.73+0.73)E-05

(2.0741.20)E-05

2-4

4.55%0.01

(6.0740.61)E-04

(4.49-+0.86)E-05

(2.68-£0.57)E-05

7 4.5: Perseus $RETH (O HBUA) DT 4w T4 Y T NT A =%

Per2 H

arcmin

it &

kT (keV)

normalization

Ka 6.7keV

K3 7.88keV

K~ 8.29keV

0-1

3.83+0.00

(1.7620.07)E-04

(1.70£0.50)E-05

(6.06+5.48)E-06

0-2

3.91+0.01

(2.3440.10)E-04

(3.07+0.69)E-05

(1.36£0.77)E-05

2-4

4.53£0.01

(5.32+0.12)E-04

(3.6740.74)E-05

(1.98-£0.87)E-05

< 4.6: Perseus $RETH 2 HBUA) 0T 4w 74 Y T NT A =%

Cen it J 8 normalization

arcmin | kT (keV) Ka 6.7keV Kp 7.88keV K~ 8.29keV
0-1 1.9240.01 | (0.53£1.47)E-05 | (0.65+3.31)E-06 | (0.23+4.16)E-06
0-2 2.14+0.01 | (3.88+0.22)E-05 | (1.844+2.17)E-06 | (0.184+2.64)E-06
2-4 2.9840.02 | (5.264+0.21)E-05 | (3.96+£3.26)E-06 | (0.28+1.16)E-05

3% 4.7: Centaurus SR D7 4y 54 VT NFG X =4
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4.4.2 54 VHIC K BHEBEEELOHM

norm @2 & Fe**t-Ka &M Fe?*t T 4 v otz K, HIREELOA Mo n]
BEMEZ RS 72, [HC A A > 6 o IR EAKITF T 5., SRl ClE norm
EDOKRERF2 2R Lz, £7. 7L 0UEHEFOBH T I 2V —v g ildo
T TIRRETIDS6 TSNS EHE L. &4 ool LKk
ROz, X4.81RD=T 4 v oMz ~d, DX Lz, R o
BOWE KT & KB/Ka A4 ke Tay b5, HIEEELL THOE Ka 6.7keV &
AL UL 20T, BAHEO S A HPHRE LY BRI 2B ITTTHL, &
4.8, 4.9, 4.10 [T HEGwHE & BUHME & Ok Z R L T 5,

Perseus SR FIIC B L Tk, BBMEZFIRS 79122, 9 HoBl% ZzhZhiric
EMT U 7z, SRR Tl AR BN EZRL 72, KB/KaZ b &, HuLIiT
(0-2arcmin) TIEEHIO FRRAEAHEREZ o> Tns, ZHFFHIREELASE E Tn
5 Z LRl TS, MM (2-4arcmin) TIXELHIE & FIEREEFERLTH 5 DT,
HIPAELTRE Thhne B2 605, 2L, Ky/Ka 0BlfliEZ L5 & KG/Ka
CHIX L7720, HENKEL SRV TLE0TC, —fIC ERL Y 2 IEE 2720,

Linge Ratio againet B.7keV Fe—Ka resonant lne

t12.qdp
L F . . . : , —
| 5.8 Fe—Ka satellie o 1
0.1 | 7.80 Ni-K e / :

628 He —lggdﬁmn

8.7 H—K
0.0t |/ .

2 I a 10
KI{keV)

X 4.8: FHIEEHELORVGE D Fe-Ka 6.7keV T A » 25 A > oo amii, A :
ICM DIRJ%, #hllh : = A >,
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Per9 H K@ /Ka Kvy/Ka
arcmin | P | @A | PERME | BUHME
0-1 0.060 | 0.079+£0.002 | 0.040 | 0.032+0.012
0-2 0.060 | 0.082+0.010 | 0.040 | 0.036+0.020
2-4 0.070 | 0.074+£0.008 | 0.053 | 0.044+£0.005

7 4.8: Perseus R[] (9 HEH) @ Fe?t 514 VI,

Per2 H Kp@/Ka Kvy/Ka
arcmin | FEEG{E B G AE e
0-1 0.060 | 0.0974+0.026 | 0.040 | 0.034+0.031
0-2 0.060 | 0.131£0.025 | 0.040 | 0.05840.032
2-4 0.070 | 0.069+0.013 | 0.053 | 0.03740.016

1k 4.9: Perseus $Ru[ [ (2 HEH]) @ Fe®t 54 V1

Cen K5/ Ka Kvy/Ka
arcmin | HGmfE | BUME | PGRE | BUUE
0-1 0.025 | 0.1224+0.076 | 0.025 | 0.04340.176
0-2 0.033 | 0.131£0.033 | 0.030 | 0.005%0.064
2-4 0.042 | 0.075£0.062 | 0.033 | 0.053£0.027

3% 4.10: Centaurus R Fe?*t 5 A vt
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%F 5= Discussion

5.1 HISEELOE

Geantd 12 & 2¥ I alb—Y g /ck Y, HIBHELANEZ > T 257, Centaurus
SRITHT ~F1% <40kpe T 15%. Perseus SR 1% <70kpe T 20% DIET-23MAIANEL
AL d L AL 2 Z M TE, o, flRIC &k > THIBEEL 2 s hd 2 &
MRS N7z, Perseus $RETH DG, SLIAYR WG T K3/Ka~2.5. 500km /s D
ELIAYS 2155 T KB/ Ka~1.8 L7220, KB/Ka DML 1.4 55285 TH 5, Hig
AUELE ST 90 Ko fRANELTTIC & - THIBEELZ I <R o T ST
5Nz,

T K DB T — & DAY MUFRITIC & - THIEEELE Y - 72,
Perseus $Rn][H1D 7 — F et L VT, FHTHL L S RMY A D LidBiz, £ ofi
R SR Mo ARICIERINEELASE S . AMITIIEE ThRn e WO ENRA 7.
VIalb—va ilk R Y T, HIBEELASES 555, 500km/s(M=1) D
BN B BB AT KB/ Ka 48 1.4 FRYE L 72 5. B (Perseus S4TI9 81
W A OMTIL) TL3MEFETH - 0T, HIEFEISEE Tnd ) 2 L &R
LTWa,

5.2 SEDIRER

Geant4 IC L B Y I a2 b—Y g Tl oic, HIBHELAHEZ 2o Ky 7
=37 hNeERET, —NFHREELE LML 2, 253 ez —HIRIXL
TOLHUOBHNTLETOMDO Ry 7o —4RELELERL TLVIEMRY I 2L —
Varkitnizn, i BT — 7 ONT Tl Fe?*t-Ky RS L SR D 2 &8
TERD oz, TOFERELTEZGNDDIE. TELEEOHEEDKGMEEEDS
HFEV I D, MO CCD TSUTINS & X2, FEchu A 6 K5 H
FEMMUPSKZATNREVHS>TLEY ZeMFEToNDE, DL B
7ed, TOARETNAUD»S TRINLBHNC LS T4 Y Lotmi%z., <
AESOBIH Y I 2 U — g Uik - THiHI L. HIEEELE KT & <HIRRL 720,
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5.3 Conclusion

ARASEMFE T, Geantd ZHWIRHIY I a b —Y g e wn ) FEE ML,
SN B 5 HIEEELE WD 5 2 e TE, FatoTinidlills—4% & k< —
BTN olz, YIalb—Yarer—2iftrz gL 7288, Perseus $R
FIET AL TELARAE Z 5> TS o] gEMEH 5 Z & 2 iR T S /2, SR,
TRV —MREE 6eV LIT @ X At ihids 2 175l U 7= it ic & 2 BB hid,
ARG NIVIFITIC & > TELOEE 2 ET 5 2 L AR[EEICR 2 TH A D,
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T 8% A ELE

(0,1) OFIFAICFAE SR IZELBE S &1c, MBI f(2) IHED L 2 2 RS
BITHEIT DV T 5,

Al BEEE
PMETIR £(2) 146 > S L S B 2 T, f(a) OFAE L5 &
ﬂ@:/afmm: (A1)

22T, (F(amin), Flamas)) O—MELBr 2FAESELZ2ITTES, BL F O
B P IR, AR
r=F(r) (A.1.2)

12 & > TOMEBIR £ () IED MR H 2 L HITE B,

A2 FEHE

WERE TR L 705 FUEEIORE S L3RS 2, £ 2T FEWRT 20y
1 g(x) DEBAE Cg(x) 1T & > THME f(r) ZERICTURAL, f(2) IKIED L 2 %
FESE BT

(Dg(x) > T o Z2FAESES,
(2)f(z) & Cg(x) ZatET 5, (0,1) DEIT uw ZFESE T,

(a)f(z) <uCg(z) 2 BI1E, 2 ZFTHLT )60 RBL
(b)f(z) > uCg(x) 22 6I1E. = ZHRH

DEHITTHIT LW,
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f(x)

Cg(x) /

Al FEARIC & 8L

COSETEHBRAEDEREFD B 2012E, FBHESHLZEEZRS EIE0W0,
ZD7=OITIE g(2)1F f(2) IR DEXRLIIWIEONMI R & 5 2 EWRETH L, [
e L3 Cgz) & LT f(z) 2URIAL & 5 BEBEIRUE V5 &5 5k
W& 5 (M A.1BI),
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fT4B Geant4® 707 S5 LAl

(7825 Lfl 1:PostStepDolt)

const G4DynamicParticle® incidentPhoton = aTrack.GetDynamicParticle();
J/HIA XY N (R) 23T L7t F R &k <,

G4double photonEnergy0 = incidentPhoton -> GetKineticEnergy/();
J/RIANY M2 T LIDET O3 )VF -2 k<,
G4ParticleMomentum photonDirection0 =

incidentPhoton -> GetMomentumDirection();

J/RIA Ry N BKT LT offifiE~Ns MvEkilEik,

/] 2B E NIz T TY XA (2 2T 1Tk > THELAIER = 2 L ¥ —
J/INRE B,

photonDirection_RS.rotateUz(photonDirection0);

aParticleChange.ProposeMomentumDirection(photonDirection_RS) ;

JJRDA Ry kAT E S,

(7029 5 Lfl 2:GetMeanFreePath)

const G4DynamicParticle® photon = track.GetDynamicParticle();

G4double energy = photon -> GetKineticEnergy();

JJHIA Ry N LI F ORI NFT— &G &M<,

const G4Material CutsCouple* couple = track.GetMaterial CutsCouple();

size_t materiallndex = couple -> GetIndex();

[/ AR NORZBTY 7EITFATL 5,

meankreePath = ... ;

//BEURTE R Z SR S T A X2 b O FRA B TR Z RO 5,

/AT E CLHEP IS & 2550k 0 O MM SN T2 O TEMRT 500D 5.,

return meanFreePath;
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(782 5 Lfl 3:ClusterConstruction)

JJICM DY = V& DKL 5,

matShl = new G4Material(name="Shelll”,

3.0856775807e19*0.2/ Avogadro*g/cm3, ncomponents=3, kStateGas,
0.812e7*kelvin, 1.e-19*pascal);

matShl -> AddElement(elH, natoms=562000);

matShl -> AddElement(elFe, natoms=26);

matShl -> AddElement(elNi, natoms=1);

/¥ =)V 1 OREIREZ R LR T 5, (name, F1E, MTTRALY, REE L, 7))
JJEEFI A — U 77 7 7 7 — 3.0856775807e19 Z M) 5,
G4Sphere* solidl =

new G4Sphere(”solid1”, 0*cm, 120*cm, 0*deg, 360*deg, 0*deg, 180*deg);
/¥ =)V 1 oz HET 5,

logicl = new G4LogicalVolume(solid1l, matSh1, "logicl”);

/¥ =)V 1 OREREZE R RIET 5.

physil = new G4PVPlacement(0, G4ThreeVector(0, 0, 0), ”"physil”, logicl,
physiWorld, false, 0);

J)y =1 RSy N B

(7825 Lfl 4:PrimaryGeneratorAction)

G4int n_particle = 1;

particleGun = new G4ParticleGun(n_particle);
JIRFENET 5, 774V MIET,

/] ZDRIHTRED TN T X% LIRT 5 (HE),

particleGun -> SetParticleEnergy(E_0);

particleGun -> SetParticlePosition(G4ThreeVector(posX, posY, posZ));
particleGun -> SetParticleMomentumDirection(G4ThreeVector(dirX, dirY, dirZ));
[ TN XL TREL T D)V F — E0. FEAEMEEE (posX, posY, posZ).
//RESH (dirX, dirY, dirZ) & v b T 5,

particleGun -> GeneratePrimaryVertex(anEvent);

/]2y LI TZANY RTHD L5187 5,
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it

KL AR T HICH72 0, WL 7 T a —F ot 72 & 1 2 6 HiFFE
& sl kA, BRREAEICEL BALERAR Tz B E T, Geantd D5 LT
MOEWTIL T IS s KEFS A, Bl A, Geantd I 2 b—Y g VBTS¢
77 RNA 2% N& S ToKEP e, BTy 7 o2 AA T NS S 2K S A,
KREBMEICRDE L, $/2 Y UPAREERECTIHICA T IS > EBE
Ao HFS A, BT IETHN»Y £ L, BB cBtttEiicksaHs A, L
JHREAWCHEHRBL £9, &R, 20 1 FMECET 2V F—FH - 2R 9354
WF5EE e 2 HIc L 722 To NI L 7z e v E 7,
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