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1 �(��
J8qk�hq℄�T��20℄:�x℄AK20X���+)�Kx℄{B�x℄h���6�D8qTGk℄��nk1}T+1℄o�bL�7xAh���
J��20℄:�<Y!�5Z℄x℄Ak℄B?x℄'KÆn|7q)�sWt|7q)℄K37x℄A{B�℄6V,\3℄h���6%E1��7xAh"�x℄A℄|7q)'\�J�I�W�&J�
1) x℄Ak℄B?x℄-h�Æ% (W�d7xAB?x1-9℄h�h��) �s[u1rn-9℄{%�)��z5-9{%℄x℄0�A1-9℄{B6V,h���6dE�#�z5#1\N:�ARK;n�6x℄�℄�
2) x℄Ak℄B?x℄L�h5N℄X;E�:�At~Hy�}b*/�X;�Hy,*/j;�x℄℄{%t~%6�*,jZx℄A℄Hh�z%�sxAk1xNt~℄ZHy℄�A�H4-RK�,jTHh�z%℄t�&��1xN℄gv�X;�
3) x℄Ak�+)�p-!Ox℄A	��"YP&bRK�tP℄��&Ox℄A℄�0℄�8=�"xA	\�I�
4) px℄Ak℄B?x℄	��I���\℄Hh��5~!�Æn�k�sWu\#1℄�~�B?Gg�"xA��?�x℄A℄|7q)��'Jrn{��Tk��{%|7 (morphology segregation) [1]��k|7 (luminosity segregation) [2−4] �h�|7 (mass segregation) [5] ��D�g1o{��� )�'&�2006-08-07 � 7�'&�2007-02-14��3$�#L�k~�?bpe�vl= (10333020)



� 3 S Uz��y^B^}8r* 207��n℄;��k|7 (abundance segregation) [6] `�-tO�x�Æn|7q)3��KLd�N<V�k�N (<�VP1\) kw.K	�Wp�B?x℄℄�N|7 (spatial

segregation) ,�k|7 (velocity segregation) q)�s3V3�AJx℄A℄Hh�|7
(kinematical segregation) ��t�pB?x℄℄{%|7	��1{%�N|7,{%�k|7�n-9℄'{� [7] �p�x℄A	��Tk℄B?x℄��RK;n|7q)�buEkt.���KLd,�k�Nx9�'KWn|7q)�-9�)�-9�k�-9v�Mx℄A℄|7q)1.%9`�WtS.#j{DZx℄A℄{B,h���6�A�x℄℄�6DTpAY0�6℄,j`o�S.�&s�Z2O�K℄ y�w�
2 �}'~9
2.1 �6+ ���K�Ax℄��-9{%�)℄x℄�A1}-9℄{B,�6z��|Zx℄AKh�N (��Ld,�k�N) k℄{%|7�$��px℄℄{B,�6�f�6�5x℄D��&O�o1Mpw Z�x℄A℄{%|7S.��M��{�Z Curtis [8] D Hubble, Humason [9] K 20 	JJR!
℄�
�"1w Z�7Gzx℄h"�KMzx℄!M℄9jk�x℄�4k"Y��Wp�!N{% − 4k�℄ [10,11] �

1974 C� Oemler [12] �/5�~!p 15 x℄A℄�h���n�"��!x℄A|J 3 ����Ux℄ (� S) A�L�Ux℄ (L S) A�1 cD x℄℄A�"t� S A|-Kp.|7q)�sT"��Aj'K{%�N|7�TkL S A℄B?� S0 x℄qr�sK cD x℄AkO(1T�℄DAx℄� 1977 C� Melnick , Sargent [13] p 6 
Abell x℄Ad~��n�T℄$'7�<kx℄
S0 ,�Ux℄ S ℄hp"�7Avv1��AvvET��Ux℄℄"�E� (h�W�"�℄ln,kp-9℄x℄A;10T℄%6) �x��℄AJ{% − Avv�℄�Fx℄A℄{%�N|7q)�s1oqJ7{% −4k�℄h"�Tw.�x℄A℄�>!℄���℄ [14−16] �-%�o1pO:/1\Ff�℄��� 1980 C�
Dressler [17] �/ 55 x℄Ak 6 000 rx℄℄�5~!�d�/[��Mzx℄ (E+S0) ,Gzx℄ (S+Irr) 1}-9℄;,|.��℄	|�Mzx℄Kf0Ax℄k!T℄"��Avv℄SpsPT�sGzx℄"�℄ln%6℄�X*hw�'K�gEk℄{%�N|7q) (3U= 1) [11] � > 1 �y^B^|&�O}8 [11]

1998 C� Adami `o [7] �/ 40 !Ox℄AkTD 2 000 x℄℄�5~!d~�n�t E x℄� S0 x℄� Se (Mz�Ux℄) , Sl (Gz�Ux℄) ℄Avv|.1}bu



� 208 �������3�P���e�R������� 25 w�℄:%� 4 �x℄℄+�l� E−S0−Se−Sl �"sWPT�Wp'7Ax℄RK{%�N|7��g� Driver `o [18] p�x℄A Abell 868 ℄ HST ~!d~�|Z�tK�x℄A℄+a�0z1Gzx℄RK�(5Ax℄{%�N|7q)��8%Hn-9℄?l��t**-9�zx℄℄ln54k)��|Z-9{%x℄!T"� (hp�) ℄ln%6!'����"Y-9{%x℄℄MyAvv� King 9zk℄+�l<'��l (Ax℄Nv�h�Me℄f,My^)℄Tp [7,12] `�
2.2 �6+*����}�5~!℄-o�B�+)�E	Er℄x℄Æn�k (2�) ℄5g�o1p{%|7℄�n�r$|6�F-**Ax℄℄{%�N|7�*[|Z#1℄{%�k|7q)�7**{%�N|7q)℄℄�-9�(5Ax℄{%�k|7℄I�?l��p-9{%�)℄x℄��/#1℄Æn�k�5~!�|)hgT���k2vk�*ds(*x℄℄{%Æ�k2vk�℄�Wp�_|Z/℄Ax℄�!)�1"YT℄s��Q 20 	J 70 CUV��r2O�Kp�tx℄Ak E , S0 x℄℄�k2vk σ �"
S x℄< S+Irr x℄℄ σ p��t� Tammann [19] !
℄ Virgo x℄A℄�
� Melnick ,
Sargent [13] p 6  Abell Ad~�**� Sodré `o [20] p 15 x℄Ad~�|Z�T"℄�
�3GOe [21−23]�#�z5�T4K��℄�`�px℄{%�)℄|hhq�"hgx℄℄Æw	\�?�sx℄℄Æw,{%�1�℄℄�&s-z
V|Z�x℄Hh�z%7Æw\N℄�℄� 1996 C�Beviano `o [24] �D Colless, Dunn [25] jt�K Coma Ak�
wx℄72wx℄℄ σ \"DJ 1.3∼1.4 �-o� Carlberg `o [26] �t���℄o�

> 2 �y^B^|&�l}8 [7]

1−E y^� 2−S0 y^� 3−Se y^� 4−SI y^

1998 C� Adami `o [7] [�Ax℄L�'K{%�N|7q)E�: t�}&,�" E−S0−Se−Sl�-9{%x℄℄�k2vkDK-oPM℄`��F:RK;nEk℄{%�k|7 (U= 2) �"1:tKu8℄ Comax℄Ak�RK��℄{%�k|7q)�-%�Wn{%�k|7q)KDAx℄,T"�zx℄\N℄'�Jbu�Andreon [27] 4 1966 C!
℄�
��7�W�d�
2002 C� Biviano `o [28] �/ 59 gv�Ak 3 056x℄℄Ld��k,5�~!�d�/[��Ax℄KLd,�k�Nxj'1{%|7q)�-tO�"1:|u(*�Kx℄AkL4P℄��,P℄�E℄Ax℄℄{%|7_\℄��tL4P℄��Æ�x℄℄Avv − �k|.7P℄�Ex℄1!-9�s[P℄�E℄Mz,Gz�Ux℄31}-9℄Avv − �k|. [28] �Ax℄℄{%�k|7AJ|ZA℄h���6-�g ��t�Adami `o [7] �s"1℄℄$�d�/**�-9{%x℄℄h���6z%�"1qJ�A�DAx℄℄h�N



� 3 S Uz��y^B^}8r* 209�|.Z?}Ay|z%�6�Gz�Ux℄M4{�nAkv�,℄[n�s S0 x℄,Mz�Ux℄℄h�N|.O`4�V\N�
3 �j� (�m) ~9
3.1 �<" ���o1px℄Ah� (�k) �N|7q)℄�n�1H�C℄���sWS.p4( x℄A℄h���6u10o�℄ "�MK 1968 C� Rood , Turnrose [29] p�t�K
Coma x℄Akva���k�Th�tx℄℄kvrk"a�k�ph�℄�x℄��Wp K}A�B?x℄K�k<h�x'K;n�N|7q)� 1981 C� Capelato `o [30]K�x℄A Abell 196k(5Z�Ax℄℄h� – 4k�℄�04�x℄AkB?x℄℄5|.�0xDK�g℄kvrk�h� – 4k�℄K�gEkxw.�Ax℄℄h��N|7q)�7{%|7℄℄�h���*-�0x℄Aj;D7b℄�k|7q)� Yepes `o [2] �/ 4 x℄Ak 1 228 x℄℄�5~!�8%p!N	x℄Nv�|.)�
℄|Z�p�k|7S.��"Yi_℄**�"1t-9℄ARK-9Ek℄�k|7�u0℄�7A℄h��z%1��Tkx℄A Abell 2111 �Ix*/1'K�k�N|7q)�s Abell 2218℄�k|7�J7b��g� Pracy`o [31] p 3 a2�x℄Ad~��n�ta1Tk�A (Abell 2218)k℄�7�x℄RKY7b℄�k�N|7�s#E�AO/1'KWn|7q)�

Ferguson , Sandage [32] 8%p Virgo A,2% (Fornax) A℄�nt�A�℄�DAx℄ dE ��|J���1+ dE ,W+ dE �Tk1+ dE ,�W+ dE ℄|.��4 E ,
S0 x℄�17bnAkvCr℄`��s�W+ dE ℄|.O7 S , Irr x℄h���Wp�7KW�A�-RK{%|7�s[W+ dE x℄:'1h�|7q)�|Z-9a9Ax℄℄�k)�9���(5A�B?x℄℄�k|7� Lobo `o [33]8%W�?lt�K Coma AkRK7b℄�k|7�tx℄CrK�PA℄�k�s�x℄℄|.OYJ2v� 2002 C� Andreson [5] �/ K +n℄g2E�5~!�K�T℄A2axH�[��2�J z = 0.31 ℄x℄A Abell 2744 9�RKh�|7q)�
3.2 �<"*���J��nx℄A��RKh��k|7℄S.��Md~i_**℄po��XC ComaA�MK 1957 C� Zwicky [34] p-K Coma ARK7b℄h��k|7�*�O
J℄:SZAy|z%℄�s� 1972 C� Rood `o [35] 8%|Z3qJ�W�℄$t��&<x℄Vl'V℄�n'�o�KTxH Coma A2a��*-RKWn|7q)�W"19�t�KA℄kva9��7�x℄℄�k2vk σ 7bp49�a9�f0x℄℄ σ ^�-%℄**-�|7h� 1979C� Struble [36] �/Yr℄~!p Coma A��d�/℄|Z,Q��t 31 �7�B?x℄℄ σ ^ (670 km·s−1), 7f0 296 Ax℄℄ σ(945 km·s−1)1bu℄:%�Qs[� Coma A℄kvah�RKh��k|7q)�7{%�k|7℄℄�����}x℄Æn�k~!℄-o�B�ph� (�k) �k|7℄**r$|u� 1992 C� Biviano `o [22] p 68 x℄A℄�k|7d~�i_



� 210 �������3�P���e�R������� 25 w�℄**�K0x℄Abz5\� 30 x℄℄2��"1|Z�Tk 61 T0|x℄1x`~!℄x℄A�℄$7hbt�pxp<Æx` M ≤ −21.38 + 5lgh100 ℄Ax℄	��bjRK�k (h�) �k|7q)� 1997 C� Stain [23] p 12 x℄A+ad~��

> 3 �y^B^�l�l}8 [7]

n�℄$'7M ≤ −22 mag℄�x℄℄�k2vk7bp4T5Y�x℄℄ σ ^�-tO�"1:d�/tWn�k�k|7t��0DAx℄NB℄�sp�Ux℄	�*-RKWn|7q)� 1998 C Adami`o [7] �[7 M ≤ −21.5 mag ℄�x℄7�x℄RK�k�k|7 (U= 3) �"1:d�/**�{%|7,�k|7\N℄�℄�℄$'7K"1℄�!k� 4 �-9{%x℄ (E � S0 � Se � Sl) ℄Myx`{=Zg�|)J −20.2,−20.0,−20.2,−20.0

mag�&sqJ�V\N*-RK#j℄&$�℄��g� Lares`o [37] �/ 2dF 2�	2~!�px℄i,x℄AB?x℄℄h��|7 (dynamical segregation�F�k|7) ��"Yi_℄�n�"1!/℄�!hXT�{D 5568 x℄i (A) k℄ 40 978 x℄�78=/4(*�k|7℄zu-9\MK4�
1) "1-�pÆx℄i (A) 	|Z#1Æ�℄h��|7q)�s�8%;nhg℄z��f0x℄i (A) �/B�V�℄℄:	M�**�
2) K|Zh��|7q)���k�N℄�5�-�℄Z)/x℄℄�k2vk σ �s�0x℄℄Æn�k�5^7h)℄x℄i (A) ℄MyÆn�k\:�JL��x℄i (A)℄�k2vk σ �Qs�B!NW���k v �ds|Zu1-9xpx` MB ℄x℄℄�k|.)� f(v) �
Lares `o\Z℄℄*�� MB < −19 mag ℄�x℄7 MB > −19 mag ℄�x℄RKbu℄�k�k|7q)�

4 �=��m~9
1985 C� Giovanelli , Haynes [38] t�7��℄<x℄h"��� Virgo AK�℄ 9x℄Ak℄x℄'KKW0(�x℄;ng��AJW0g� (gas deficient) �s[WnW0g�℄Ek37x℄℄Avv7bh��x℄A+ax℄℄ H I W0g��"L4AEHa9k℄x℄�Jbu�\3� Cayatte `o [39] �D Vollmer `o [40] ℄�
�d�/[��W�℄*�pO�o18=qJNBW��5o℄t�>&�I
�� (ram pressure

stripping) �f�Fx℄AB?x℄KHh%Ek�x℄�℄W0&J7x℄E℄A�W0\N℄h5
/sQx℄� bsKd [41] �041x{B7x℄℄W0(�1��&OW0g�℄x℄�A7Z=℄9�x℄1}-9℄6��6%E�
�x� van den Bergh [42] M�



� 3 S Uz��y^B^}8r* 211�t�A��Ux℄k℄1x{B( (SFR) ��"���Ux℄℄ SFR a��g�Koopmann, Kenney [43] 8%p 55 VirgoAx℄7 29��x℄d~"Y�d�/[��W�℄$�
1996 C� Skillman `o [44] p Virgo Ak 9 �Ux℄d~�|Z�℄$'7�L4x℄A+a℄ 3 x℄℄ H I W0g��J7b�TMya��k (O/H) �"AEHx℄�K

0.3 ∼ 0.5 dex �Qs'K;n�k|7q)�s3V℄ O/H �k79�<x℄-hx`�sO"1qJ�K**�Ux℄<Y℄6��h��7x℄A9jh��℄h��%E��"x℄���4A℄B?�Jo�� Pilyugin `o [45] 4 2002 C℄�
�[��x��k|7q)� Viirgo A+a�Ux℄℄ O �k"AEHa9�Ux℄℄ O �k���g� Dors , Copetti [46] �/�*9zd~��n�℄$'7� Virgo A+a�Ux℄℄ O/H � N/O , S/O �k"AEHa99�x℄�D 0.25 dex �"1\!�}&Z
S/O ��&J S , O ℄hp"���Jx℄kxA℄J�h�)�,h�xH-�o�℄w[ [47] �1�x℄A;��kq)℄**V/YG�sT4\1��5~!"Y�?�<Yaf4�tgvx℄A�Tk�n\�r℄� Virgox℄A�04W�S.p�nx℄ADA�x℄�6℄o���gR#j;'Vo1�J y℄�w�
5 �~9s+_�8!#x℄A℄|7q)℄�OJ�I�<Y!�5Z℄x℄A℄Æn|7q)���{%|7�h� (�k) |7��k|7`KLd�N, (<) �k�Nx℄w.�#j�x℄A{B%E,\3i�℄�6%E!NB℄℄$�&sJ1�x℄ADA�x℄�6℄�*�
-��o�℄�5D��x℄A�6℄�*�n#�p�5Z℄|7q)�K/�℄_�J��7�5t℄Æn|7q)�8=qJKx℄A�-9{%�-9�k<V-9;��k℄x℄)�1-9℄{B%E�<1-9℄�6��<V�n&�Ps1\�Wp�!N	�N,9j
 (the “nature vs. nurture” problem ��p�	a2,32
) ℄S.�	�N
_℄�x℄A{B�℄X�z%�#�AK�gEkx�$ZKsA �5Z�W�NB|7q)℄	a2
&��	9j
�_KA{B3℄.>�N��B?x℄K-9℄9j`i�Æ�℄�6%Es'J<Y! �5Z℄z%�W�x℄AD|7q)℄	32
6V�p�x℄	��1�rX�%E�AK,j#℄{%��k,Hh�k��t�h��:1;S-YTh�x℄℄Hh��THh"[sW%A�*�x℄N℄*/(PT [48,49] �I
��,Hy�A�x℄k℄1x{BsW%-}b�37` [7] �x℄A℄�\�<;px℄;~RZ
/�x℄℄�k&OSp�!;~℄T�x℄�JO1�4{BL4x℄Ak�℄ cD x℄ [50] �7W1x{B℄x℄h"�ZK{B1x℄x℄1YT℄�k2vk,"Yi℄�k2vk)��W�73VZKnx℄A�,����
{��, [51] �8=qJYx℄A℄h� (�k) |7℄>&��K>�N℄h���6%Ek�h��:1
/�hAQYTh�℄x℄x�ZYph�℄x℄�Qs'Jh��k|7�}b;SZAy|z% [22,52] � Adami `o [7] �sx�℄�n℄$qJ�x℄ARK�k�k|7W�
�'7��7�℄�tAx℄�iSZAy|z%�W)��h��:1℄#j



� 212 �������3�P���e�R������� 25 w�℄$ [30] �7O9��YTh�x℄&�dhAs�Hh�k%-�#1;�}+�{℄"[?}x℄A℄kv�,�℄$${Bh��N|7 [22] � Pracy `o [3] _K��k|7��4x℄`G{B,�69z℄�o�:��7tx℄h"�a�kx℄℄kvrkY-7b�#�z5�Kx℄A℄+a�x℄℄4k"Y��&��s3Kv℄x℄X;,A℄�\Mn'V℄x℄m� (galaxy harassment) 
/�J1q�℄$�;NBx℄A+a�a�kx℄℄g��F'J�k�N|7�hps��x℄A{%|7℄�6 "�Ab\YJ�I�t�p{%|7℄�nMR_��{BF℄�!��℄�N"{BD^℄: (DAx℄,Fzx℄℄+^0|) 	\>�sx℄\N℄h5
/;��F℄{B�&O�Ux℄a1KB�Akv℄a4ka2s�{B [11] �gR℄�n�dqJ�04�Ux℄KA�W0kHh�a�W0℄4kSZ0�zÆ3 5 × 10−4 >��x℄7W0\N℄h5
/'V℄I
��,W0Xtq);�xIW0bsK�Ux℄�℄${B<kx℄ [13] �
JW�%E℄�5q)�$'Jx℄A℄{%�N|7,{%�k|7�
Fasano `o [53] ℄�
'7Kx℄Ak�ARKx℄{%x℄�6�"1|Z�K2�xHJ 0.1 ≤ 0.25 ℄ 9 x℄AkB?x℄K{%�)x℄%6℄��℄$t�;n{%�6q)��}x℄A2�^℄Sp�A�<kx℄℄"�1PT℄`��9��Ux℄℄"�`4Sp�sDAx℄℄K�OH4�F-%�pW��5
�℄�/�_��Kx℄A℄�6%Ek��0|�Ux℄x%B�<kx℄�\K��℄*℄:1 Moore `oK 20	J 90 CU!FB℄�
 [54,55] �"1tKgvx℄Ak1�r2w℄DAx℄,<kx℄�K z > 0.4 ℄YC\℄AkO(1T�℄
w�Ux℄�sK<x℄kWn{%�6q)0-7b�<YYJP&℄�n|u��NBA�x℄{%�6℄t��f�x℄m��K℄�!O\I���_K℄��K�t�
kK�rt	�Qz|7 (spectral type

segregation)
,	Æw|7 (color segregation)
`�E��t Lares`o℄�
 [37] �3t�
Yuan `o [56] �/x℄A Abell2634℄rw5�~!�-**�Ax℄℄�k�N|7�:t�A�Mzx℄℄Æw�N|7q)��hx�W�℄�Qz|7,Æw|7a�Q#�45w.�x℄A℄{%|7�&J 2dF 2�	2~!kx℄℄Q_� (spectral index)η7x℄℄{%�)4Zh��sw.x℄Æw℄w_�37Q_� η 1��Xj�7{%|7h"��Qz|7,Æw|7��/;ng�℄z�px℄A℄|7q)M�6��#E�K|Zx℄A℄|7q)��048=WumhgxAB?�(>�u0Ggx℄A℄ÆB?�t.h�A/�b�L<x℄Vl℄,j$BJ�b�o�℄S.�-9
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Segregation Effects of Galaxy Clusters

ZHAO Jun-liang

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Being the biggest bound systems of celestial objects, galaxy clusters are of particular

importance for studies of galaxy formation, dynamical evolution of galaxies and the large scale

structure of the universe. Unlike stars, galaxies show diverse shapes, i.e. different Hubble types,

and the issues on segregation effects of galaxy clusters are more complicated than those of star

clusters, which include morphology, mass, and abundance segregations in positional and/or ve-

locity spaces, and their possible evolutionary significance for member galaxies and clusters.

It is shown from observational data that the percentage of early type galaxies in a cluster

increases when their radial distances from the cluster center decrease, while for late type galaxies,

it is the opposite, which indicates morphology segregation in position of member galaxies in the

cluster. On the other side, along the Hubble sequence E-S0-Se-Sl, the velocity dispersions of

member galaxies are reducing gradually, which means morphology segregation in velocity space

of members in the cluster. In general, later morphological type galaxies in a cluster have larger

velocity dispersion than early type ones.

It has been found for some 40 years that dwarf galaxies with lower luminosities are less

concentrated than massive giant ones with higher luminosities in clusters, which shows a mass or

luminosity segregation effect in radial distribution of member galaxies in clusters. Furthermore,

fainter galaxies have larger velocity dispersions than brighter ones, which is so-called mass (lumi-

nosity) segregation in velocity space of members in clusters, or mass velocity segregation. It has

been demonstrated from some detailed studies that the mass segregation effect of galaxies in a

cluster has no relationship with the morphological segregation one, although early type galaxies

generally are more massive than later type ones.

Because of limited data available, the research work on abundance segregation has been done

mainly for some nearby clusters, especially the Virgo cluster due to its proximity. Observational

evidence of abundance segregation of member galaxies is that the HI deficient Virgo spirals near

the core of the cluster have higher oxygen abundances in comparison with the spirals at the pe-

riphery of the cluster, which suggests the chemical evolution of galaxies in rich clusters is clearly

influenced by their dense environment.

The evidences for mass, morphological and abundance segregations are usually interpreted

either as arising in a different formation process for galaxies of different luminosity and/or mor-

phologies, or being due to a different evolutionary history, which is called the “nature vs. nurture”

problem. For a cluster galaxy, some physical processes can affect its luminosity, morphology, ve-

locity and its position in the cluster, e.g. dynamical friction can slow down the velocities of

massive galaxies, and these galaxies would move towards the center of the cluster, which leads to

a mass segregation in positional and/or velocity spaces of galaxies.

Key words: astrophysics; galaxy cluster; review; luminosity segregation; mass segregation;

morphology segregation


