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� 3 & ;(U�'��sVwa*�m_4��� 261�#
^O�kr>4|�T�,��eZO8EBHI(Æ%Ge#e�#��ÆR$x�rEB�r#�#�T	��r�V#
ABHI!x#�T# 160 +�i�,4xÆ�rEB"�M^#e�	%Ge#e�ÆMy�St(�#�e��y�#R$u�%K1,�x#u�j�IÆÆ�	KK'5}-;�!e��T"�M^#	St%Ge#GT
#�e���x,#�2Ark!�k�#HÆÆ0� 20 �W 70 ��ÆRubin &S [2] Jxb�r��3�ÆTy$EOL#e�4|^O�:y
*b�r#*V=�Æ
Zwicky 4x#	p�e�#QVR!�St#,8��r#*V=�;�Æ�rB{Z*T%e#T
)�LÆ;k�T%Ge#e������ÆJ�e�#3��[Z�VtEo�3
�#�sG� Rubin &S [2−4] ee�A\_q#
"OVTx�t��#Tm�
"Æ<�J(s*b�r#5�M^
"#VTÆ!�Z1T.#VT	H!M#�r5�#"A=��,tTyÆ*b�r5�M^#�M^)��-t#PV� g�k�<�=#"AÆ(��℄�(s�r#�stATLÆ-#�TyA	%sG6#�(su�E8StEqJ�L^OEopx",ÆEq��:k�r�T# 50% ^J��r�ÆB�{J=�#9PÆRubin &S^�,t#�Vu�ÆVW�e�	��#�&℄
:
M#(,X$�bV,t#yrÆ�M��r-�e�R�#EoQi�l�J�e�#3�1"T�Æ<��T#J�e�0r>_r#3� [5] ÆKYÆ�r#*V=���rE#�r"Av`#3� [6−16] Æ<�^OA�#YUJ�rE�T [17−22] � CMB zj" [23−26] ��tAu��l [27] �d�� [28] TKJ�3�W#�rEMa��rE��3� [21] ÆStG�.�Z�e�#��Æ;J( �kZI8#ZyÆ=xNSt��x�ILJvL,��px}>�vLBe�(!1KÆh(	Hae�#1KÆJpvL,T�#}8�)��lEo��r#�lK=7��k℄HE#YZ� Zwicky [29] � 1951 �J Coma �rE#3�BTyÆ�rE#
A{Z�>#�klE#�rBT
e�#~|LÆ;kv`��rEB#)��(,e�#~|��J�r
A��#3�BÆ,��4xZ�rUe�#��ÆA��J-#
A��Z3��Jv`��rEB#)�(T
 (/\/#e ICL/DSC ;�Æ
ICL: intracluster light, DSC: diffuse stellar component) #3�Æ� Zwicky $�Æ:�Q
k�sM�WÆ&℄�VP�K�Vn,#T�x�Æy�StQ
���V��a�rEKB),M�rEB#v`)�#
AÆp:��Æ1�#�rEB���V��sv`)�#
" [30,31,33−36] �(Æ�V_℄~!StJv`)���rEB#-_^JÆ(!1KÆTK�sv`)�#
<,1*��l1*&kI8#ZyÆ�P~!St��QV(�lB>�<�J�rUv`)��lI}#3�o*JvL,T��vL,4℄v�r#�l�=7pxI8#QV�}>�

Cen &S [37] f%J Ly − α f_#�V�9\vL,4℄v#��%lEoTKq^7j�2�� [38−42] Æ<�J,M^>W 2 � 0 x�V�#Hae�#1oÆu%9\vL,���H4xZ�:w#Hae��(sa5ÆAJ:wHae�#����4xQV� McCarthy &S [43] <�J�T�rE�VC/#^jAu% WMAP (Wilkinson

microwave anisotropy probe) #��TyÆHae�#�T�y�#vL,���8�1Ek!MÆ�l9kEo�8�T# 10% �%Ky�;G�k
-:^Hae���e�Æ



� 262 �������8�℄�-����������� 29  ��	Y��Ty�rU)��Hae�B!k1o�#1KÆ�qJpy!(sa5k'�# T�3�;��rEB�rU)�Jp�T#~|	\_HE#Æ%Ky�#�V��Jp�rU)�(!1K#}>;�kGH8 Æ�	k3�;�(s1K*�*T�� 50% [44−46] �(GÆGH8 o�Æ*�(s21zU#2Ej�ÆÆ�(5}-;��rU)���$�rE#Hae��Tx	G�-1l#��rU)�#{WA\_\Æ�pH-)
# 1% [47] ÆJ-#�V\_7�Æ�ip-JpEyHae�#+���r_#�3re��e�#^J��rEB#)��-6#aiqA&kHE#YZÆ(Tk4EJ(��u<#3��
2 5����rU)�#
AÆ	i�Æv`��rEBÆA��rE#^O�uB
<#Æ�rk-U#Is�r(�k#)�(Tx#
�%K�� 1951 � Zwicky [29] ���V�Z�rUv`
#��Æ�9k�y�# CCD P�xy//ÆJ(Æv`)�l^#�VRlW*���V�rU)�m0r#YU	
,BG#3�oA#
YU [44,46,48−54] ÆTK^7,�� [55] ��V��X��#YU [56] �StG����V�a�#�rE��rJKB),M�rEB#v`)�(T#
Æp:;k*��V��sv`)�#
" [30,31,33−36] �<�^j�V��ÆSt��VTx�rU)�#
AÆ3�(Æv`)�#-_^J�PY;X�2X�yX&u�#v`)�#1* [51,53,57−61] ÆTK�tAg#v`e� [44,46,52,62−68] �Eog�rU)�	5v`��rEBA2rk-�rEBU#Is�r�k#)�Æ�zUgipStJp�r#5�ArkH1#8Z [69] ÆA2v`)���r (1>	B��r) 5�k��#{WAm8Æ(TJ-t#:^\_7�Ækxp:	&Y# [53] ��zgÆJ�rEBm��T#I��r�l�q#�2��;�Æ̂ J�-#�ÆL�B#)��v`#�rU)�Æ>	���#�rA%�qBipeoOre�l# [70−74] �\�Æ*Te ICL :8T-~��rE#<O,=7�qBip�r_#�3reP�l#){WAM^#
AÆY��#eog��r#HL���tAg#v`
AM^�&℄R$Bdh��#2"4qÆ�2���7\,g#`e
:
!8�Eo��2���u%#�yj��QiJ�rU)�#�lB>pxZ1o*�#eEy
ÆJ(g�T#�8F�I8qAg��V�e%�Jp�rU)��l�=7B>Æ7\,Xt4xZ&MQ��,tVWÆ>'�mw�l�rEx��rB$Cx)�: [75] �>'��`�rEB��rPV
�(B�:|xÆ�rB#)�-$Cx:p:�r-i,KyP�lv`)� [76,77] �>'��rEBq"PV#�r_#�W�qB$Cx:)� [78,79] �>'	v`��rU_#-6�Eip
^O+'P�l [80,81] �>'	�r��rJ>��T#�rE�x��T#�rE#^O�uBvpx�l [82−84] �p:Fk*�	��rEB�rA%lW��TB��r#�qB�l [72,73] �(ÆeE�q*T=x��rEBTrÆ\��l#v`)�k℄u
G=#�V1*ÆA2^J��rEiLM	B�#G=:| [85] �*i�V�sv`)�#
"ÆY��X�� (planetary

nebulea Æ
� PNe) # [O III] �Æ6X�E (globular cluster Æ
� GC) #^a4�B 4



� 3 & ;(U�'��sVwa*�m_4��� 263�12 [H2/H I] Æ:�I(<O, �Æ�Pi(<O, �:�I	i
FB>�l��T#3�;�Æ�rU)�mRE#�lB>	��rE&NlE#mDI}BÆip�r_#�3reKA%�qÆ�k��rB#)�-eoO��rB0r$Cx:Pv`��rEB�(C#�lB>~!�rU)�(Tx#
�+s�rE#g
AB(!#1K&℄�rE#=7P�Z [71−73,82,84,86−89] �\W�rU)�#�lt�rE#<O,I}y1�	Æ(TJ(u�1*#�V��kTpStZy�rE��r#�lK=7�
2.1 	~/��rU)�#{WA\_)Æ_e#�V�G	
,BG#3�oA�V�y�St���a�vLKB�),M��V ICL #
A�
"Æ�P*TZy�rU)�#-_^J��tAg#v`)�K�sv`)�#
<,1*�Jp�rU)�#3�Æ�+6gSt*T�V({WAÆK/n8�sw2:/{)
�r#
AÆY� B BGn(w2W 29.0 (mag · arcsec−2) [35] Æ�	(FYU'�H1-:^�V�#
�,	:�p�rEmW�r (brightest cluster galaxy Æ
� BCG) ;	 ICL �PJp�sv`)�#�VÆ�$E0$�rU��X�� (intracluster planetary nebula Æ
� IPNe) �y�Q
*T� 100 Mpc #tA
�[� IPNe #
" [30,31,33,34] �Jp�sv`)�#�VÆ%KdTpJ�rU)�#^J �K(1K#3�Æ�G��V|(<O,1*Æi�*T:^Is�W�rL7#�ÆB
Æl^	�p�rU)�#�ipG=#3�'Jp ICL(>
DSC) #8ZG=ÆJ((!g#)��T1K#u�4ko�G=�

Lin � Mohr [90] <���,L K BGJ 2MASS(the Two Micron All Sky Survey) 4|# 93 s�rE��rJC/#3�Ær>-0�ZG=�T�rEB# BCG � ICL # ��ip,tSe#�rE�T0A	k 70+Æ(T��J ICL ��rE�T#�	 k(3��,tTy ICL ��rE#)�g�TB(!#1K&℄�rE�T#��P��Æ�
2%∼ 50% (s��#WT
���TW 1015M⊙ #�rEBÆd��rE)�g�T# 50%#)�T ICL �������Td� 1014M⊙ #�rEBÆ ICL #1K� 30% ∼ 60% #WT
67�,t#3�;��rU)���rE#=7I}B+℄HE#re�y�#�V��J�rU)���rE)�g�TB(!#1K}>� 10% [64,65]∼35% [45]/_�FkÆ�Vu����rU)�#1Kt�rE)�g�T0^�	���`�rJBÆ(s1K	W 2% [91] �P�� Virgo (C#�rEBÆ(s1Kgt� 5%∼10% [53,92−94] ��x��T#�rEBÆ(s1K	W 10%∼20% >xq [44,52,60,62,95] �

Adami &S [63] Je CFHT(Canada-France-Hawaii Telescope) J Coma �rE��MBG�VÆu�;� ICL >'^J��rE#B�Æ>'^J�<℄�tAu�g�rA%#Y	� Salinas &S [96] J Abell545 #{WA^J3��M-.�Z ICL 	Is:>p BCGÆ#l^� Gonzalez &S [45,54] J�T#�rE��rJ���VÆAu
�M^j�V��ÆTyIB��rE# BCG+ICL B#�T1KÆ&℄�rE�T#dkP�Z�P2
BCG+ICL #
AREIB��rEB�Æ� 0.1R200 T
# 65% �61d� R200 T
#
33% Æ� Zibetti [64,65] &S#u��I<�

IPNe 	�rK�rE=7I}#Iske#3�y��<�J-#�VÆSt��Zy�rU)�#<O,1*K(��l [34,97,98] � Feldmeier &S [93] ^jZ� Virgo �rEB
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0.89 �YAWT
Ty# 318 s IPNe .+'ÆTy� Virgo �rEB	k 10%∼20% )�T
ICL #����ÆJ IPNe #^j.� Virgo �rEBk&M�rU)�:�pO��rK��rÆATy�rU)�IB�EB'� (	m^TN) #tA
�ip�rE	�r1oyI#:|Æ-t#B�I�>	1o�>#I��r�P�I��rB6X�E#��oMÆWAo�Æ~!-t��'XX--�V��Y�����rE
Tyv`#6X�EÆ<�J6X�E#�V�*TZy DSC #+� [99−101] �� Coma �rEB�V��T#6X�EÆ�� DSC Fk*�i�rUv`#-6B�l [81,102] �Y���.z6X�E�k1�rEx>#�dÆ�qFk*�	&=�r-�rEmD�(
�

Zibetti &S [64,65] ~e�k�; #C/���>Rgr>-3�Z ICL # ��,t� SDSS (Sloan Digital Sky Survey) /I�
[#Æ^k 1 500 �YA#��B [103,104] Æ+�Z,M� 0.2∼0.3 /_# 683 s�rE�ip,tSe#	��TC/B8?>R�#2#YUÆFk ICL #<O,1*Æ(T,t8Z# ICL 	UY�rB� r BG
gTd�#
25 mag · arcsec−2 &%A�#M^�,t�( 683sC/BSeY7#YU^>� g/r/iBG�EB�Æ�{Z�rE# BCG TL#(k(,�r�
M
�Tx#
2{Æ(Cuv#�	 BCG+ICL #
Z�YB 1 (�Æ ICL \_IB-^J�B�:|Æ-Jpg#{WA#~|� 100 kpc �# 40% vl� 600 kpc TL#1 5% ;kÆ(���rUv`)�#�lRE��rE#B�:|ÆAQV-tk
#�lB>	�r�p� 
<
� BCG

C 1 |XBC
(a) � r DC%}YCD��mi℄�T%_n�=�*mn`%}YC>��.��C=�XV�%xb+�%}YC>���mi℄�T%{��C=�#-0% ICL %}YC>�
3�=��&%qf& BCG D�}YC% de

vaucouleurs n9��1F6�=� Re(�ÆC��) �� F6�"1�`�=�*mn`"xbn`% 1 σ %*ÆII94
 (b) =��mq % BCG %�tG%(&C��Z�{�=�sm��#-% ICL+BCG %(&C�n9bFK%3k�i℄�D�<~��DD� 500 kpc %<~j 0.05 �[� 0.1 �℄
<~=�jÆC% 1σ %i℄�T [65] 




� 3 & ;(U�'��sVwa*�m_4��� 265�#RJY	x-eoO�hv:�,t;R$Z g− r � r− iBG#
5�ÆTy(
5�m8��r#�/I<Æ>'	��1�r#j,I2Æ(��v`)�#�l��r	�=#�ip^7 ICL �
A\_�#�r'7�Æ(TJp ICL #�R�I8qAgK<p
A���PJ ICL #3��J�r
A��#)
AX�pxI8#}>�,tR$xIs
�# schechter 
A��#)
AX�#z5�E�p −1.35 � Zibetti &S;3�Z�rU)�{WAJ�rEB�r#iIqAK BCG #K<	r�,tTy�k�W# BCG K�riIA1oq#�rEB#v`)�{WA<1oqÆ�	�rEBv`)�#1KGt(SsTd	� | 1 �������
� [105]<~ (fD 4 �D 5) B − V e7� µν/mag · arcsec−2

A 0.75 ∼ 1.05 28.6

B 0.80 ∼ 1.20 29.2

C 0.70 ∼ 1.00 28.7

E1 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�T#�V3�;�Æ�T
�#�rEB!�#G-E�r(�k#)�
M��J�V�# Virgo �rE# ν BGB��EBÆMihos &S [53] � 2005 �#yrBTyÆ�
Virgo�rE#B�:|k�T#v`)����Rudick &S [105] Je CWRU (Case Western

Reserve University) # Burrell schmidt Q���
,BGJ Virgo�rEpa%#oA�V�,t<�3� Virgo �rEB�:| b BG#{WA:3�(B#v`)�(T#
�,t� Virgo �rE#B�:|Ty�T#v`e���ÆATy ICL #1*{WAo� µb ≈

29 mag · arcsec−2 Æ.zZ Mihos &S 2005 �#u��u% Mihos &S� 2005 �#��Æ,t!xZ Virgo �rE#){WAu�# BV 
5�ÆYB 2–5 K; 1 �[e3� M87 LM5�d� 2 000
:|#
5�xÆ,tTy(
5�k&����6=#9��,t;Ty
M87�Æ#
5��(TL#v`e�(Tx
#
5�\_��ÆB −V ≈ 0.8�Williams&S [106] �\_�#tAgÆM�CZ�rEB1o�#�rÆVTZ Virgo �rE#�rU)�#�d�}�aAÆTy(B�M^#�d ≥ 10 Ga Æ(}�aA [M/H ] ≤ −1.0�&M3��,t!x#uo�eÆ,t!x#�#
5�	W 0.8 Æ��rEB BCG #�ÆL�#
5��� [64,65,67,68] �P Van Zee &S [107] 2004 �#3�;� M87 #LM:|Keo1*#
5�� Virgo �rEB#�I��r#
5�I<�%Kip�d�}�aA#
AÆ����#
5�AG�'H8-.�Ss)��l	�=#Æ�	:k���(SM^k�=#+�Æk��#�lB>ÆM-t>	��rE#&NlE�qBip�r_#eoOre�l#�
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C 2 Virgo �sF b CH$*|XBv��FC�EO<~Dlr 5 �$Æ%D�.3|�R3�r 5ADU %+�G.3|
D��<a� 16× 16 �!�	%��[��3V'� {zÆC℄`℄%C� [105] 

2.2 #5��<_#vL,�2��Æ	��.g�#�B�e��vL,_�#vL,��
(ΛCDM) 4℄v��#�4�#�2��k Millennium [108,109] ��Æ-Se�0x-#
ΛCDM ��ÆvL,T�^>?� Ωm = 0.25,ΩΛ = 0.75, h = 0.73, ns = 1, σ8 = 0.9,Ωb =

0.041 36, ty�vL,�V}>!�#u��I< [110] �&℄(,3�#W[o[KR$Bdh��#W[4qÆQ
*TJe�2��#YU3��rU)�Æ�4q^7jK
$�O#�~gÆ^[PYGBZR�dmBG�)��l�7,=7�d��&T�=<�r� (AGN) V6&eE�q [73,82,87,111−115] �I�#�2��u�^jLO	ÆwJeg6<O,#YU� ΛCDM 4℄v��vL>�rE#=7Æ�!x����/Æ�e FOF(friends-of-friends) $U [116,117] >' SO(spherical overdensity) YU [118] ��e�NaB$Ru�� FOF $U	n8Is�kaA l Æ��ÆNa_�C�p l #(kNaVW	IsRu�E1[�I+ÆI�+� l ≈ 0.2 (TNa_�#�CWIs�Z) �
SO $U	w�Na#^JB$�(yAb2:|Æ�TyAb2:|WB�Æ+�%�#��~!(
#NayAd��sv8#2Æ(s:|
#Na-VW	�IsRu�E1
�$�Ru�//Æ�Je SUBFINDER $U [119] �Ru�B0$(B#RÆ�au��m/J$�#au���^j�e�2��#YU3��rU)�ÆmW	g#�p:>v`)���k��rB#)�ÆRE	:> BCG L7#)����.W8Æ3



� 3 & ;(U�'��sVwa*�m_4��� 267��yrBRE~e 3 Fu
�M#YUÆ^>	�
(1) w2��YU�vB��rn8Isw2��Æ�(s��TL#)�8ZW

DSC � Puchwein [115] u%�rE�T� BCG 
A#
?	r [120] K BCG 
A��
A��#	r [121] Æ!x#w2��}�W rcut = 3 × re,

rcut = 27.3 h−1kpc ×
( M crit

200

1015 h−1M⊙

)0.29

. (1)

h ;�dTp#�E_�ÆM⊙ ;�/B�TÆM crit
200 ;� 200 +vL`{yA#6�:|Be��TÆ re ;��
A��Ærcut ;�(!w2��Æ�(s��T
#)�	�p BCG #ÆP�RÆBdx(s��#)��	 DSC �

C 3 �  C 2 JD$ Virgo �sFC�;}$ B − V CH$d6�C�Y%+�"*m}YC� µν > 27.0 mag · arcsec−2 ? µb > 27.5 mag · arcsec−2 %�!?.3|
jrt�i℄�+}YCx�%e7�XV��uCi�I+'% [105] 

(2) ^j�r{WAm8YU�<_VW de Vaucouleurs m8 [122] JI��r{WAm8e%!1o�ÆPJ cD �r#
A�V;�Æ(
M:|#
AJ de Vaucouleursm8e%!o�Æ�1o�#���jSdx [123] �(Ædx#M^�VW	�rU)�Tx#
�
(3) ^j)�#"A^J�u%� [113] ���2��BÆ�s)�#<O, �	�H#Æ(TSt��<�[e)�Na#YU:Zy DSC K�r#�lI}�
Merritt [75] � Moore &S [78] � N 6g6<O,��B.�Æ<O,O<�eoOKv2j<�Is��T#�k)��l#��rB#�M^)�$CÆ~(lWIs��rÆ,t#3�����r� ICL �k�=#+��Y�	(CÆ-t�`��k�=#
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C 4 M87 $'N;}�"�'NR�WUy) B − V d6�$lA$fpPv�5z<~D�:� (A,B,C) %�gqQx�O`� (E1,E2,E3) � M87 %MO+�#VZ�vs%�g;XV0<~:.*ÆYC%*Æ<~
*D�Y%�t�ÆC`lDS�.3|\ [105] 

5�m8Æ��r#
A��� ICL ��k�	 �=CÆ-t#^JF*����Fk3���2��B\8 DSC 	-eoO�hv:#�rB#)�Æip�rG=#A%I}Æ
DSC #
A!+s�rE
A#1K� 10% ∼ 15% [124] �Murante &S [73] `u3�Z�rU)�#+�Æ,tTy ICL #1K&℄ halo �T#�Z� 10% �Z� 30% ��,t#��BÆd�I�#�rU)�:�p[��r� BCG #A%Æk 1/4 # DSC :
p��T�rÆ;k 1/4 # DSC :
-i,Ky#�r�,t#3�;�� BCG >(,��T�r#�lI}BÆ�r_#A%�q<�l�rUv`)�ÆA2�,M z < 1 T/Æ&℄,M#d�Æv`)�#�T<`8�Z�Dolag &S [113] 
� gadget2 [108] ���r�lÆ�B{Z(k#[�r//Æ,tSeYU 3 ÆM�<O,g::^v`)���B#)��,tTyv`)���)��-_^J�"A^JK�lI}gk℄5}#:>�,t#3�;��rU)�#"Av`E1�)�� 3 +onÆ�	��	^JgGrk�)�IBÆv`)�#�dE>ÆÆ�#W 1.5 Ga ÆA2v`)�#1KJ�rE�T#K<'�ÆP�o-K<�rE#�lI}Æ,t!�#v`)�#1K	 33% �T.#�2��BÆ\Wrk&h\^OZRB>#reÆ�E1yI:|��℄Is�^BG#a5��(C#�2��BÆip-6BGx9\_EÆ\�(B#B-61K�1o�Æ�l#)��TF�1oMÆ�lB��r
At�V�1�=>'�W#a5�WF
�rEB�#�^BGa5ÆPuchwein &S [112,115,125] ���B^[ AGNV6B>ÆH�-4qZ�2����V#e%qA� Puchwein &S [115] Se�k AGN
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 Millennium Simulation) Æ^>e 3FG=#YU (YU 1 � 3) :8Z ICL �,tTy(OFYU!x#�rU)�#1K>� 45%Æ1�VHIx#2qxGk�3�;�(s2t�2��#^7j�D^	A0^�	Æ�J(B#)��l��#K<G/�oÆ� halo �T��d	�ip�r#tA�eoOtA#1j&�r�T67Æ-$C#)�1KF&℄(QR�r�T#�ZP��ÆA2
V� ��rEB�
�#�r:w#�TF�
M��,t#��BÆ�rU)��M	�,M z > 1 xÆ���T�r	�rEB�qyA:|vp�qB-�hv:#Æ=xFk	 30% #�rU)�	��rUB-6�EB�l#�(Æ-6�EF	�[�r� BCG #�3reB-$Cx:#Æ-$C#)�AG	�5-^J��rEBÆP	T;X�eoOu�#�����

C 5 �4sf$�sK NGC4435/4438 'N;}$zYfv�5z<~D� (D1,D2) #�{Zgx��*s<~=�gVXV0<~*Æ}YC%<~ [105] 

2.3 y�'�-�9\#�r�l��BÆ&℄Hae�#BGÆ�r��e�Æ#B��w�lÆK/5	�e�ÆE^O�u#m�2� [126−129] ��e�ÆAG	�M#Æ-t<&℄x_#=7P�3A%Æ��TÆ<-��TÆmDPlW(B#au� [16,130,131] �aÆ#=7�q�Jp(�l�q:�!�ZxMxh�#eE�q��Is�Æ5p	fIsx��T#�ÆlW(aÆ#�qBÆ(B��r%sN+ÆP(LM:|<k



� 270 �������8�℄�-����������� 29  ��T�T-eoO�hv:Æ(s�q�	J�e��)��T#$C�aÆ�(PRÆ#� gPVxÆ<\WeoO#�hP:w&M�TÆ=xip<O,�PreP5	RÆ [132] �!8VW�rA%��e�Æ#A%//Æ�rB#)�ipeoO�hP�l�rUv`)� [71,72] ÆA2C�TB�
�ÆeoO�h!�
H��
Moore &S [78] 3�Z�IsqyA:�BeoO#�h�s)mOÆM�rmO#a�ÆY��rE#^O�uB�Tq"PV�r�3�W#D?
`�,t#�����rmO
`�JIÆ�rEB��#��){WAl^#:�pxy
��rÆp:	�rE_#�3reJp�rEB�r#�l�=7	\_HE#Æ Barnes &S [133] #	p��r�eoOX�B�l#����ÆSt����rEB�V�rWeoOX�KA%LF��#){WAu�� Trentham &S [51] �J Coma �rE#�VBTyZ�A){WA2Æ?.Z,t#���y�	p�r�l#�yj��Æ�M\8[��r#mEu�	�B��rA% [134] Æ1ÆZ�rU)�#����(C#��BÆ)�Eq�B��rBÆEq�[�rBÆ(�~!t�V21oP8Æ>'B��r#�T��Æ>'[�r#���M�ipG=�T#�ÆB# DSC ;�G=:�B�r#=7ÆY�Is�rEEo��B#)�g�1zU�V�#MÆ�qJe�V�#�r#�
1By!)��la5�<kh\� Monaco [71] e�r�l#�yj��.�Æ�u�&NlE#��BÆ[�r� BCG #A%�,M z = 1� z = 0 /_	\_0^#�Y��A%�qBrk�T#)�-$ClWv`)�Æ�q�(Ss,Mgj�81
A��xM#W�r�J Coma �rE#�V;�Æ(C#�q#H,�Tr [135] ÆA2J�M#9k)�#I��rA%#�2��;�Æ�(FA%�qBmw#)�g�T	k 21% lWv`)� [136] �A&S [137] \8[�r�aÆ#	r��7#B��r�RÆ#	r��ÆJe[�rB)�#;h�T�� [138] taÆ#�T�� [139] Æu%�2R$Æ3�Z[�rK(-$Cx:#)�#mEu��w�,t#R$Æ-$C#)�mE��T�rU)�#�����,t�8#rW�r"Av`��#�rU)�#l^t Gonzalez &S [45]#�V��e%!o��,tR$TyÆ�Is�T	W Mh = 1014 h−1 · M⊙ #ÆBÆ-$C#)��T�KK�k�B��rK[�rB#)��T#1K	mq#Æ	W)�g�T# 40% �Y�(k(Æ-$C)�T�rU)�#����Æ�q�+svL#DM)�BTv`)�����#1KW 19% �Y�"�M^#)�mE-B��rmDÆ�q(s12�W 5% �^>k!Mk1K#aÆmEtRÆ�A%>	-i,KyÆ�.W8;rkH8#Æ��y�#��B�M	l-vxsw2��Æ�(s��
#aÆ-i,Ky�n&S [140] SeZxZe%eE�i#YU:H8aÆmE#�#ÆA%>Ky��,t#��BTm<T	
W
:�IaÆ	
tRÆA%�,tTyÆeoOre~!aÆ:w�TÆ=xF~!aÆ#m<T���eoO$C�T#
j
qÆaÆ#�T:w!
2Æ(A%x9F�
a�A2eoOre~!aÆ6!xZyIÆ\PGX-i,KyÆ(ÆyI#aÆ#��~!RÆ#�TG:p���
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3 iw!�RJp ICL ÆY:#3�B$ED?xM#�V��ÆT%!x>Rg1o�g#uo�y�J BCG t ICL #	rÆ�V��oMÆ-t/_#	rFk1o0�#Zy��2��#u�;�Æ�T# DSC>:�p��T�r_#A%�q�<��TC/D?Æ�>Rg^j�rEBG=�T#�r� ICL #	rÆT%��!x DSC �+s�rEB#1KÆ�PxZ	H-H8Hae�#1K�=x*TJa��rEY Virgo/Coma&B IPNe K GC D?xM#�V��Æ<�
"^jZy�s DSC #<O,1*��Eog$E&hY\^OZR&xZ�6ut#eE�qÆ��2��B$EexZe%eE�i#YU::> DSC ��k)�ÆYe{WA�%YU�=CSt*Te�2���8 DSC #}�aA^J�
5�ÆA��V���1o�� ICL 3�B��Is	g#a5 ——ICL #8Z�do	e&{WAm8YU;	<O,YUÆt�2��#1o>��7��.'	ip�2��$Ee�T��:�%
A��Æ/'	\W�VBJ DSC #<O,1*Zy!;G��Y���2��B^j!x#{WAm8��Vg
AVT#u�e%o�Æ�q���n8Is{WAw2Æ<��V�������#1o5}-:^x ICL �=xF$ExM#�V_℄:^7�rEB#){WAu��ipR$�O#�}Æ�2��9����I	A�PeEJ
#��7Æ��2��K�yj��B�2
`#a�	4%E&h#�(IÆ�2��9	JvL#M^��ÆAG	+svLÆ�����k#>Rg#GH8 Æj/WvLY\ (cosmic

variance) �(�$EJ=I��M���Æ�Z=�A�(S	�2^7jq)v���:#�k#	Ag#G=�Y��2^7j�qÆ���B#)��lj�<1oqÆ(�<W>��T�r#�lÆ~!��TD#�rB)����M�Y�^7j�)Æ�q��T�rxXX-$Cp:�`Æ�<B��r�WP[��r��GkÆDSC #1K�� [141] �(	Is$E�ILo[3�#a5�ip ICL #{WA\_)Æ�Vg'�0r�V��%Kip CCD #xyKP�n,#x�ÆSt*TSeoA�V#YU:�V ICL Æp:��<�0$ IPNe K GC :�V�s# DSC Æ�	StKK�T:^ DSC ��rL7B#)��ip�rEB){WAu�#�T��ÆStF$EJ-t`u7V�*T�TvusY{��3��
(1) }�aA�� Virgo �rEBÆ DSC #�d\_>Æ}�aA1o�Æ�	}�aAG^J�'�#WT
Æ(�� DSC 	�'MG=#�rB$Cx:#�
(2) ��r;
1o�^J�B&,M#�rEB#�M^ ICL ��rEB���rk�=#
5��(��-tk��#�lB>�*Te�2��YU!x DSC #}�aA^J�;
ÆA�yk#�V��1o�
(3) -_^J��+6g�Æ�rU)���rE
TP℄^O�uB�oI6X^J���B�o�#-YÆ DSC �ToMÆ&℄��#��Æ(��Qidk�<�	#^J	��rEB�IBÆ
PL5
	nkÆ�(�lB>k	�
(4) x_^J� DSC #1K&℄�rE#=7PQi�M�RE	ip�3re�r
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A&�rE#=7P�Z�
(5) � BCG #	r�\W�kÆ�VB ICL � BCG #&%A�AGe%ÆSt*T!x(C#uoÆM DSC ��)�	Ss$E:>#u���J� Coma K Abell 1185 (C#�rE#�VBTyÆ ICL AG	��/�Is BCG B�KY� Abell 545 BÆ�&M�r#L7�V�Z ICL, Grk�B�#<y�B�V��(�� ICL ��rÆ*�	G=#Ssu��Y���Ja��rEB�# IPNe K GC #�V_℄B!� DSC #<O, �ÆSt�*T�eEg�6-:^ DSC � BCG ÆB#)��
(6) (!1K�DSC ��rEB(!#1K� 10% ∼ 40% /_Æ(s1K��rEB�r#iIqAd	Æ&�rE�T#��P���
(7) �lB>�J(k ICL �V1*#guÆ~!St���Eog4xeEy
ÆJy�#Eo����}>�y�!8V=# DSC �lB>�eEgkkSF�<O,$C (eoOre�<O,O<�v2re) ���rU|� (ICM) B�l��	#�l�qh�MCÆYG=�T#�r_>�rE_#�3reÆ�rE�l�qB��rB$C)��l DSC ÆSs��T�rE�WÆ[�r
�B��rxipeoOreP$Cx)��l DSC Æ��r-��T�rmDxÆ�rEBSsq"PV#�r�WxÆ�r#A%�qB�l�G=�qB�l# DSC �-_g^Jp�rEiLM�B�#G=:|��rUv`)�l^#3�BÆ;��'�#GH8 Æ$Ef%Je�V��2��&YU��o[#&[�3��}�%)�
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[38] Cen R Y, Miralda-Escudé J, Ostriker J P, et al. ApJ, 1994, 437L: 9C

[39] Bristow P D, Phillipps S. MNRAS, 1994, 267: 13B

[40] O’Neil K. PASP, 1997, 109: 1395O

[41] Burkert A, Silk J. AAS, 1997, 191: 2405B

[42] Fukugita M, Hogan C J, Peebles P J E. ApJ, 1998, 503: 518F

[43] McCarthy I G, Bower R G, Balogh M L. MNRAS, 2007, 377: 1457

[44] Feldmeier J J, Mihos J C, Morrison H L, et al. ApJ, 2004a, 609: 617

[45] Gonzalez A H, Zaritsky D, Zabludoff A I. ApJ, 2007, 666: 147

[46] Krick J E, Bernstein R A. AJ, 2007, 134: 466

[47] V1́lchez-Gómez R. ASPC, 1999, 170: 349V

[48] Uson J M, Boughn S P, Kuhn J R. ApJ, 1991, 369: 46

[49] Vilchez-Gomez R, Pello R, Sanahuja B. A&A, 1994, 283: 37

[50] Bernstein G M, Nichol R C, Tyson J A, et al. AJ, 1995, 110: 1507

[51] Trentham N, Mobasher B. MNRAS, 1998, 293: 53

[52] Feldmeier J J, Mihos J C, Morrison H L, et al. ApJ, 2002, 575: 779

[53] Mihos J C, Harding P, Feldmeier J, et al. ApJ, 2005, 631: L41

[54] Gonzalez A H, Zabludoff A I, Zaritsky D. ApJ, 2005, 618: 195

[55] Durrell P R, Ciardullo R, Feldmeier J J, et al. ApJ, 2002, 570: 119

[56] Arnaboldi M, Freeman K C, Mendez R H, et al. ApJ, 1996, 472: 145

[57] Gregg M D, West M J. Nature, 1998, 396: 549
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The Frontier of Studies on Diffuse Intracluster Stallar

DONG Xu-ce1,2, LIN Wei-peng1

(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


