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ERZARERBEERBAHI 09, @5 EENTIEMERAFRRE 1722 | CMB 3
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microwave anisotropy probe) B %(HE & B, T4 BTy 5T B R BLAE ) 55 A LB T S A L B
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A 0.75 ~ 1.05 28.6
B 0.80 ~ 1.20 29.2
C 0.70 ~ 1.00 28.7
El 0.80 ~ 0.90 28.2
E2 0.75 ~ 0.85 27.7
E3 0.75 ~ 0.85 27.6
D1 0.65 ~ 0.75 27.2
D2 0.50 ~ 0.70 28.4
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— -1 200
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h FRTEENA G HEE, Mo FRamRKHRE, MY FRm 200 7555 I 5% B HERIE X 35
R, re RAAENGEXR, rop EAMEGHREERE, EXPMERLUNKERERE
T BCG Wy, TEEEFEBHXANEBLHEERE DSC,
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[
B3 BREME 2 ) Virgo 2R F0XIA B -V R BH) 45 8E
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%, RT3 A G R EON B7E R R ERAT Ry 109

(2) W E R R ERIE L. EH I de Vaucouleurs 4§ 122 X |5 /2 2 T 52
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BB BT, B R R OR AN 12, Xl Rl v &R KRR E
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(3) 43 A 1 2 A S B A A RN 45 4 g (81, ERE AR, BANE R R 3 SR W
Ry, B ANTRE St 1B ER 1H BB F B 7R T i DSC K2 RWTE i 5.

Merritt [ f1 Moore %8 A ["8) £ N Pk 3 Sy 22 B8 FFIERA, 3hhr2edhsh. MW &
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R, AT RGEEZBRERM ICL R A MR WEIE. R 2, B8N Y% A MM
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DSC HGEE b A B R PG R HLAILE 10% ~ 15% 124, Murante A 7 fF4IBF5E T 2 &
PR ER R, 1% 2L ICL By HEIREE halo SREAYHEIIM 10% HNE] 30% . TEAMATAIHE
W, Ed R EREERE T TEERM BCG M4, H 1/4 # DSC A TR
EZR, BF 1/4 81 DSC RABMKRLFHNER. MITHPTRRITE BCG SR EE R
WS, EREWHGIESERERFIFBRER, HFEELY - <15, MELR
(U, URECE AR 2 TERE.  Dolag %A 1911247 gadget2 1% BUN R RTEM, 763
BTN IERZIE, MITRATE 3, BN R irptE B E e EE. ]
KEVIREUE BB AE BAE R WA BB AT BOE R 3 LA R XA, MITRBT 7R
EARERAREVRRIBE R R 3 5 A, HRERMM T LARA REESET, KREHE
EWERELY, T 1.5 Ga, I HIyREUEHER HCFIXE R BB ARBUR /D, TTEUE
R R RE RN 5, M5 2] 80 IR CE 2R H B 33% .

VART R RO E AL, RO 8F 5 ARG AL VR, 72 P e 4 K AF 12 —
AL B T, R X R RER S, TR AR AR AR S, B R AR A
FB et Lok, R E BB R L 2, @& O 2 AR D6 W AR b B 1 5
MR, A AR A O R 4348 HI R, Puchwein 5 A 1121151251 ZEBEAL 5] X AGN
BRALE], Bk T BER R 9 FF S B2, Puchwein A 19 R A& AGN



3 WK, %F: BRRVREUE RSO it R 269

SARHLH B BB 4 PR /N B R A EE AR BT (RF 8% H Millennium Simulation) , 434 f] 3
PRI B 73R (5 1 2] 3) k@ CICL . A fi1& BLIX JUFN 7 445 H 1 B2 2R B 15 2 1 LG43
TE 45% , E X HE T H B T R A, B9 2 WX A 5 RO R B 40 R B4
FUARSE, {E0FH: A i 1E T AR Y OB R K SO, A halo JRIE R/, B TEARMR
FERAIEAYW J1 R B R R R R AL, BRI B E R A b S A R R R B
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ERGREERRZREELR »> 10, ZERFEEERMERAFOEEEXE T ELEZ
#rak T oRdy, FRH A2 30% iR R EERERRRESSE AR ERE . XBAKz
PA A 7E TR A A BCG f A .4 A B3 B e, 00 8 A i B 3 R 2 T i 4 A A
B AP, TSR % 5 G i AT,
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TEARHERY B R AL, R BT Y A A, BRTEREY R 1 O B BB,
SR BT D S T 5 1 0 S Bk B/ ME AR 20120 R BRI A RAROLE, BN RHEE
Bt ] ¥ 30 AL TR AR O, /I O e 23 0 R i 2 TR R TAT A W 36 o i - g 161300310
SR EAL S RARX T HE RS BRR A S T H S H R RN YR, 1 — R [
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SHPE LSRR, SOV EIY eI ak T = RF 2 R, W T 3 7 R AR T
w19 R R ARG ERY R ENIFEZE, BRTHEL S T8 18
AT TE A2 R PR IR ECE R (707, F ELR AR e LBRAE, W 7 h A R

Moore % A "1 BF5E T AE — A i 8 BESREE O W T AL AR 22 T4, BIE R T4
R, AN B AR PR 51 7 S A Ok S e B A AR LA A g B RSO At T AR A
B R T YUY AR — 2 B & P A A8 B9 B ORI 52 B Ao B R IR A e . B &R, SRR
B2 A ] f9 A ELAR AL AR A R AR TR AT A R FE R B, Barnes %A 1991
FRTBREREMY IR E MR, ANTREWTEE & A 21 h % TR e
B B A AR T 52 B 4544 . Trentham % A B 7E5T Coma B R R A &I T
WA 52 IR, Bk T AT LAY,

BUERT B AR, R2Be LRER RN RAE REMTRERE 13,
BT BARMERMAFE, XN T, HEEAEFRERY, BALETERT, X
R SMME RS, SEFRERWFELR, SEFTLERWHHELZ. i TARREY
W) DSC RUIAF MRS ERMEAL, 4R —4 2 AR A B AR o g 18 2 SR SR
MR Z, B2 M FIE] B 2R 0 D6 R BB AU gt 2 1225, Monaco [T
BRI SR BT RRE Y], TESE SRR B, TR RN BCG MFHFGTELR 2 = 1
B 2= 0 ZIERAEWIIA. WRIEH G BT RARERNEEGR BV IREUER, ATE
XML DR WCEREELZHRER. X Coma BAHMNRY, XHERTRAHH
IEFER A U3 3F HXHRSL M A TE R AR R EBE AR, 7EX ARG Bt &
IR SR EAH 21% MOV TRECER 199

HEAN T RETLEANFEMLAMNSRWHRERAMNEZMLAZMMU, AALD
BEAPEHERFAREEY Y SR RERE Y, SE8ETR, FRTIERRK
HEHBEHORMEEN R AL R, RIEMIIHTHE, SRENERRAREUERFER
HTBRAEAE. AT 5 1 o 2 AR 0 B R o 0 B2 AR R 1E R A A4 5 Gonzaler 55 149
BRI B IR & . AT R, FE— A BREAN M, =10" A1 - Mo B2,
HEWHEHERBEMKAREEHLERR T ERATREEREK LA RS, A8 EE
EBEEY 40% . R XS EEE U R RRERWEEE, BB FHY
LA B ASREUE BB RAETER LB 19% 5 W4 R i B R AP B R
R, IRAXAHER K 5% .

A G 2O BT R RAS EREMFG SRR LM, HAEY LIS B A #E
H& . BAER A PR 2 45 HH A B E AR, TEXAD PR TERMR M.
BN MOV SR T SN A Y B O R E T R R A WA, AR, E1H
BRI DL sh i A R R A T R B S ERHE. ik, My HERAES T2
KR, FWESTEANERR. WY HABEREOYCRER, TENREERE
R, HAFEin ik, FEMYHERERSTREREMES, HASHHIEL
i, XEHEEWTRERNFEMESEZNFTREAE TR,
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3 EsiNEE

XtTICL, RRMBFRHTERREZ WM BHE, DRSS BB IRE 2
w. BAEX BCG 5 ICL iy &, MMBIRE L, ENZHBPXR WA LEERK T .
ERMR S5 R R Y], KEH DSC#HRFE T RKREER ISR, S REEARER,
MG Lot B R AP AR RERERMICL By R, PUAREMS H DSC £ 4 2 R H
R ECAE, DT B DR 6 B E B SR UL TR R AR AR B R T 40 Virgo/Coma
S IPNe Jo GC FRRE Z oL K, @ 1d J61E 04 T 4 54 DSC 1) 3 J7 22 F7 1.

TEH e LR BB WARS S B A B R, TERER R R E
AT & P BB T 3R XA DSC MR AR 2, WAl 2 G J7 k. FAEANTT A
BUEB BT S DSC & J@ + B A M a3 5, FF AL B8 AR H 4K

7E ICL BF S FAF1E — A 800 M B —ICL # 52 SC. ToilJe Fi 45 1 70 8 6 B O 9k 08 J2
I, SRUAE EER R e, AT E R T RE R R A R R ORI S
JEBERREL, JE R g I X DSC §3) S AR T AR A . AURAERER U A
Afr A5t H THD 3 B A M UL L S JBE I ik vy 45 SR A S B, R AL RE A B — T 5 B IR
1B, 3 2o WL 25 0 A1 AU K 1 He e A b X o3 i TCL | [ 10 5 2 8 22 g L ) o 23
PrE RV KT R BES

TR R RR, BEAEM A RRRRIR R E. M e, ERE
ARV S~ AT AR 2 o 80 B B S TR R A B IR Y. e —, BOE R FUR X 5 i Y 30
SR, FHFARBEANSTE, BRFERANSET LT EME, RZAFHITE (cosmic
variance) . XL EEX ] — LA 2 YCBAL, SEINE(FE. HZRBES R RS BT
B A R LA . AR BUE S PR, WA PR EER SRR R, X
MEME R REERNER, BN ERTEEAELS; WRI RS, I
ZNRBERERGPHBEEZTH, SHPREALRMIEERBEARL, DSC #H
A U KR A TEE— S RABE .

1T ICL BT 56 B AR WK, RI AR BB B, BARH T CCD By i Bl R BeR %
W TR, AR AR AT B B9 77 1 R W ICL , HZE GBI 348 TPNe & GC £
WL A~ DSC, {HR AMTHRARXELL X 4> DSC M2 RSMEF R IEE. o T ERW K
FE MR, AMIEFTEXNEIMFABN. TR &4 77 i 47 #F 5%

(1) &/EE. 7E Virgo BRPH, DSCWHFERIENE, &REZLE/D, HEE)R
EFEHSATER KB TEE P, XHI DSC B MR L AR IR R # 5 k.

(2) MERBEALE. HAEFFLEHERMF RIS ICL MERAHRHEER
HRFEIER. XU ENTA AR SALE . 7T BER L J7 %45 Hh DSC M &8
EE AT, FEABUA I LI A A

(3) M Ai. WK L, BRFIERERRANESE S E O EMERRD
fii. FEHEHOEITH T, DSCHEE L, MEFEHMHEA, HEHZH KD TRy
S ATIRTE R R A DS, BRSNS, M BALH A .

(4) BFTE 43 4. DSC Wy HLGIREE 2 R AR L 2 #E 2. EREm THEAEAER
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WS %, ICL JGERE B & A WAk 15 .

(5) f1 BCG W26 &, B MR M 4 ICL 1 BCG WERELRHAFTE, AU
Rl X 4, B DSC ffE R W N TREX M L4, 7EXER Coma J Abell 1185 X
FER R ZA WM & B, ICL HFARUUKIE—4 BCG Ht, FlAN7E Abell 545 1, 7EF
ZREZAMINERMB] T ICL, HIE A 7EH ORI BOE LM 2], XUl 8 ICL 12 R 5 7] fg
ERF WA G5, a0 SR AE X 4RI B &R A H L IPNe & GC RN %%k} 15 2] DSC )
IR, AT A2 B Bk X 4r DSC fil BCG EHE .

(6) B i K. DSC 7E B & H 1 BT i B9 LB 7E 10% ~ 40% Z [6], XA Ho i 2 3R A
BRMEEREIR, FE R AR,

(7) B AL X BT A ICL XEMAFRAEAY S 45, 515 A NTREAS i 148 Y B ke, Xt
PRAE A B0 AR g AT BR A . BRAE A [F] A9 DSC & LA AN B LR w6 fhe 3h fr22 3
B (MW AER. S iERs), v BAEH) FIFE B RBR AR (ICM) AL, #H 2 TE Bt 72
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HEE M DSC, FHA/NIEERAME, TERSH g Ruth T8 /6w &
HEEE MK DSC, /MNERBAEE RWMN, 2 RAFHANSESEENE R,
BRI BRBIEMR., AR EFEEE DSC 7E2 M L4 4 T B R h 4R 2 o
AN DX 3
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The Frontier of Studies on Diffuse Intracluster Stallar

DONG Xu-ce?, LIN Wei-peng?

(1. Research Center for Galaxy and Cosmology, Shanghai Astronomical Observatory, Chinese Academy of Sci-
ences, Shanghai 200030, China; 2. Graduate university of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The concept of intracluster starlight (ICL), or stars between the galaxies in galaxy
clusters is not a new one: it was first proposed over 50 years ago. However, progress in studying
ICL has been slow due to its low surface brightness, which is less than 1% of the brightness of
the night sky. This is unfortunate, because ICL is a powerful probe of the evolution of galaxies
in clusters, and of cluster evolution overall. In this paper, we review the progress of the studies

on the evolution of ICL using simulation, semi-analytical model (SAM) and observations.
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In the past decade, the study of ICL has increased dramatically. By taking a deep imaging
survey of galaxy clusters with CCD detectors, we are able to measure the ICL to faint surface
brightnesses many magnitudes below that of the night sky. ICL has now been observed in nearby
and in intermediate redshift clusters. Individual intracluster stars have been detected in the Virgo
and Coma clusters and the first color-magnitude diagram and velocity measurements have been
obtained. Detections of tidal debris arcs in clusters have shown significant substructure in the
ICL, and that the production of ICL is ongoing. Recent studies show that the ICL contains of
the order of 10% and perhaps up to 30% of the stellar mass in the cluster, but in the cores of
some dense and rich clusters like Coma, the local ICL fraction can be as high as 40%-50%, and

with a ellipsoidal symmetrical distribution around the center of potential well of galaxy clusters.

In tandem with the observations, high resolution, large-scale, cosmological N-body and hydro-
dynamical simulations are now being able to make predictions for the kinematics and origin of
the ICL. It is possible to make people understand how and when the ICL formed, how it connects
to the central brightest cluster galaxy, and how it affects the formation of galaxy cluster and
the evolution of cluster galaxies. Simulation can also constrain the study of cosmology, such as
star formation, distribution of baryons in galaxies. The ICL traces the evolution of baryonic
substructures in dense environments and can thus be used to constrain some aspects of cosmo-
logical simulations that are most uncertain, such as the modeling of star formation and the mass

distribution of the baryonic component in galaxies.

Key words: galaxy cluster; diffuse stellar; galaxy formation and evolution



