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(1. BlI �iWzH�4��IIG��W)��i 200030 � 2. BlI OU��.I 100049)-(� \!zn��%[h�db3 :d	�'>����:dÆD)[hGs:d1y>�	���Gs�	'>���:dAv	s6SÆJdY�s6S	U�hfo7KO�	�?q6+�>���w23DQ�&:�D6o[U|MSs6S7KoU�	D#ÆGODM+�s6S	Gs�?�>�k2or%7KO=�s } g�3ÆU����>��s6S�23DQ�&:�D63�p�u�P156 ��� ��a�	�A
1 �r��R����= (cold dark matter, CDM) C5A��=z~q�H{�<K?s���5R9�u���=� (dark matter halo) ���[ $Zg��a�2�9�&=����K?9C(ZgFr9Lxh ����Fr~�&=���H	Æ�%�(9���r5R (dark matter halo substructure � subhalo) �I�Hhm�|QJY$r5RC�J� (host halo) ~�qT���r5R���b�T�=�T�Fr�>nE5�YDB��nJ�A/Fr�3_��d9�|Q�(r5R�T�ge$FR��o [1,27] �|29T��.w [75] ��FT� [10] d�2�9J [1,63] �|FY�t �mq|8Y$2r5R�T�C;���:�LR�LRr5RT�Yl�)-$$3F3���r5R���F�C;meKVCP+mdZg N R12CP (N -body simulation) ��� N R12CP-J2�69m1d�i�91dh���R~�F��� 3F�R�3F�o�: ns;t~�++�R6J07���26<kr5R�T�r5R�: �s;�=��7 'y�� �q��2010-03-01 � %z��2010-04-21{� �� UulI��G�!K (10833005) �n.sS!K (10821302) �973 !KPL (2007CB815402)



� 3 ^ B,�Æ���>�s6S	U�MSD# 269�� [23,68] � N R12CP�y��~EO��KV3F�R�T�~?q�g'"��$n��~12CP+6<$�t (D6<$�12CP%mI'�;�$�)�|[�L �\�v12CPA6<kr5RZ;�2-��[+Hp�|QI�~^LR��[E)-$9�C5Ej"�t r5RT��[+JY��ge�i|q����FGO�_�=�+��_�!v� [71,83,84] ++ge�|60l�C5{<-�\�5r���9���Fr/ (merger tree) 9�C5O�QH�9�����Mr5R�6J*xq$6Jn=�6J�ZT2;r5R��m2aA�[ 2�2A��2^am"2��nun52r (local group) A�w�"2�x/))��&/))� (LMC, SMC) $nu�r5Rw.�2 (Sagittarius dwarf) ��^�2 (Tucana dwarf) $52r�r5R [55] ���YG�T� Sloan JTZT (Sloan Digital Sky Survey, SDSS) +��L'0��"2�9>�"2X5m12CPn%9�C5LRPO�|��ZT^XH^�*�Q�5d�ZT{|0xXl [45,76] �q9(ZT��"2�<=�E5�^�6JKm[F�6
��LR�� [42,51] �5w�X���� 2 '�� 3 '�� 4 '6C=��r5RLR�12CP�%9�C5nZT2;�C"�� 5 '606��H\2-���X~r5R<=�5d�� 6 'Z�&5�"j�
2 34ERNTF%��r5RT��12CPLR�gl 10 Tk��zxC"��℄�CP [34] +�6<$��<$_�d9W�gDY�
g Fr (overmerging) �|Q [39,58] �&=���C�J�~z~12��*sztVHm6<(g�J�A/w
�r5RZZ
�DJ 12CP [19,23,32,66] NC$YG����X� ViaLactea [20] n Aquarius [69] OV6<�L&=��&h ��r5R�+�XCPdLR�=�m 1012 M⊙ ������9��mqmd02Knu�ZT�60� ViaLactea �Y&�R=�$ 4 100 M⊙ ����℄ (force softening length) $ 40 pc � Aquarius m6<Y&�R$ 1 712 M⊙ ��℄ m 20.5 pc �H\�CP���[:�r5R=�6Jnq$6J�_[$r5R=�j1
(subhalo mass function, SHMF) E�6Jmdv'~�9# (power law) zl�<-�vJ�=�a[�~� SHMF Z|\'9�8$_; $J��=�n9�$|[��^}X [23,26,32,78] �_*$r5R�O"6JE6/M��=�6J[� [19,84] Fmdv
Einasto 'y{<- [50,69] �r5R�_C<=Z|�XLR�H\CP���5d|[+Xl�Fr�>�Fr�>�kmr5R�J�Az~.����(��J�A/�?Y��$[ Zam��GO�> [2](Tdf) �E`��r5R�w
�℄$2�9nT�$[FFY�<�
Boylan-Kolchin �w [5]('a BK08) n Jiang �w [30]('a J08) �$Fr�>C;��XCPFHk�Fr�>�Pr��C5���Fr�>$r5R�i�=��O�n.���^}X&|H\�+mO|'2;��m� J08 �CPAj"�bR�on|29



� 270 �������U�x�G�D�#������� 28 _�( BK08 8j"�p��=���FT��|0D�6<$�12CP���++��X�r5R=�j1�q$6J�Fr�>�m%9�C5PO�FYÆ0�
3 ';�E7NTF%v Taylor n Babul f� [71] v%9�C5LRr5R�T��gl�T���zx�+" [13,72−74,82−84] �C5[ dvFr/���������mi�Y+t~MV3Fr5R�J�A�T��e*x��FGO�r5Rb�5(_��+�r5R=�_���r5RMN�=F-6Jd�_�d9����9�Fr/mdv12CP [67,77] �v EPS (Extended Press-Schechter)�* [4,64]����~ EPS�*z'w��LR�Fr/Y��;- [15−17,60] �Parkinson�w [62] $
Cole�w�C5Z�C[M�Cn)-FPf��}-�r5R�7 'y (NFW) [6,8,9,59,61]�i�O� [84] ni�.�� [30,37] mdJX12CPT��5d{p��<~r5R�b�n=���J����ZvAT�E5�}a z = 0 ��=�nq$6J�^�5dmdn12CP�ZT60� van den Bosch �w [78] +� z = 0 �w
�r5R'1$G℄9��*7�℄C�J2��r5R'13Fr�d9�C5\�Z+�r5RA�r5R (subhalo of subhalo) $r5R�6J,RQ�z&��r5R�T�A[ C5j"_+���F��Zv�J�A/q����FGOn_�����FGO$z~r5R�J�A�/M�R��Zvqa��_�*Y�z ChandrasekharPk [11−13] Binney n Tremaine [2] $_C;��<-F���`1�sv�_��$r5RA��=+�G2"��q�H$a<qa��_��Y��F5d[$+�r5Rfk��=�*$�r5RM��=F-6J [28,44] �_�!v�12CP+�r5R�=�=�JY+��G/�ge [14,28,71] � Taylor n Babul R���r5R�=�=�$ [71] �

dm

dt
= −A

m(> rt)

2πω−1
, (1)_A rt mr5R�_�%O [38,79]  ω mr5R�6�b�.:  A $z Zentner�w [84] n Gan �w [21] qC�v{<-=�+��:$E�2mdZgr5R�=�j1{�� [21] � Hayashi �w [28] JX12CP�5dPrk[F_�!v�9���

Kazantzidis �w [35] ym Hayashi �w�CP�Rk�i�Y+||QC5R����H0W��F[{mqmO�:DWr5R�=�=�n_�d9�IX~_�!v�2|60'>r��<-�
4 ��t7T
\VF%ZT+�[ 2�2aA�w�x�"2NC$�nuA+��"21I�gl 10 T !� 1 1��� 1 A}5�k�37I+��nu"2��a�n



� 3 ^ B,�Æ���>�s6S	U�MSD# 271�/[��|/[�na$2��1X�10 Tw5.�nu"2B|��F [55] ++"2�_ �� 105 L⊙ d�[ 3amK��2 [45,76](classical dwarfs) ��~x��|2T_6�SDSS +��L'L��"2md6<�9B|��F|2�1 000 L⊙��2 [24] �++-+��"2Zam���2 [42,51] (ultra-faint dwarfs) E5�nu�r5RX5L!g2�b 1 *n�j+x�^$�j
f�+"���Æ"��v�m$l [18,46,52−57,76]L��4� ���4�Ab p1℄� ~1℄� &4Æ Ab p1℄� ~1℄� &4Æ
/kpc /kpc /mag /kpc /kpc /mag

Carina 102.7 101 −9.4 Boötes I 57.6 60 −6.3

Draco 82.0 79 −9.4 Boötes II 47.6 43 −2.7

Fornax 140.1 138 −13.1 Canes Venatici I 219.8 224 −8.6

LMC 50.2 49 −18.5 Canes Venatici II 150.7 151 −4.9

Leo I 254.0 255 −11.9 Coma Berenices 45.2 44 −4.1

Leo II 207.7 233 −10.1 Hercules 134.2 138 −6.6

SMC 56.9 58 −17.1 Leo IV 160.6 158 −5.0

Sagittarius 16.0 24 −15.0 Leo T 417.0 417 −8.0

Sculptor 79.2 79 −9.8 Segue 1 28.0 23 −1.5

Sextans 89.2 86 −9.5 Ursa Major I 104.9 106 −5.5

Ursa Minor 68.1 66 −8.9 Ursa Major II 36.5 32 −4.2

Willman 1 43.0 38 −2.7

5 ��t7T
>?����T�Ar5RmO3_��d9�+GO�Zv�J�A/FrZmO�AT (z = 0) {tw
�LRr5R�\v���X�|Fr�>�=�j1�q$6J��+�*vH\. .u�_��nGO��Zvf �
5.1 w�`_ 1 Hk� Jiang �w [30]('a J08 ��) � Boylan-Kolchin �w [5]('a BK08 ��) 12CP�5dn Taffoni �w [70]('a T03 ���) %9�C5�5d_A� ε �!r5R�i�.��m\O��
b��Z|�.��� ε 1 ε Zamb�
 �
J08 � BK08 n T03 �5d��!�Fr�>$r5Ri�=�n.���8�^}<�Fr�><i�=�� !(?"<i�.��� !(P℄�+$mm=�x�r5Rg+�GO�0x(Z|0x.���r5RKgJ�A/D7 i���	
g+�GO�0&�
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` 1 ��s6S	Gs�?��GHP�?%s6Sj�>� (eK�	j�>�n�tÆ�w m(0)/M(0) A") o/�� (w ε |=.) 	_~=��pA�8Eo Jiang Æx [30] p Boylan-Kolchin Æx [5] 45FS�8f	�A�o Taffoni Æx [70] (<�F8�8f	\� J08 �BK08n T03�5dZw�[+Xl�$A�=� (m(0)/M(0) ≃ 0.1 ∼ 0.2)�r5R J08 n BK08 �12CP����>�60D+mO$mm T03 �C5�$_�=�+�W�HV�Gan�w [21] +�r5R8B=�WV�=� (A = 3.5) C5�Q�r5R=�j1QOn12CP��<r (� 5.2 4) �
J08 n BK08�5d� ε 60x�<r0l(� ε 60&� J08W�0D�+|mO$

J08 j"�FR�oge�FR�o�r5R;�L!:7 [1,27,80] �KgJ�A/�r5ROV�i0f�_��Zv(H3d9mqr5Rw
�$0℄�� BK08�CP�E5o|0D�6<$�f_��Z�OV9:12*sqa�_�d9ng =���m(r5R-w�0'�=�Fr0t�
5.2 1�t�r5R=�j1�!�H\=�/kM�r5R1I6J�� CDM C5A�*�Q&=���6x=��9A$x [4,64] �DJ N RCP+� SHMF mdv[F'~�9#{<-_61� −0.8� −1.0/$\�Z+�x=�����r5R9 0D [19,23,25,26,66] ��_ 2 A}5Hk�12CP (SIM x��) n EPS �* (���) �Q� SHMF *x2ax& (Cluster ��) nnux&��� (MW ��) �12CP�5d{TSjw� [23,25] �9#�61m −0.9 � EPS �*��� SHMF �!�$Fr/Ar5RC�J��pKGO�n_��Zv�=�6JampT�� SHMF �+FAVY�z
van den Bosch�w [78] � Giocoli�w [25] Pk�mdgkpT�� SHMF �J�=�~X�$~KgT�� SHMF �12CP�5d_Am*2a� SHMF xÆ6nu�D�1�Giocoli �w [25] Pk�2;�m�[2;x=2��K?�h_r5RC�J�Z0hmqr5RK��_�=�+�nGO�Zv�$0"Y~w
�r5R=�0x1IZ0'��[2;&=����A/W 60D [8] �_MN9�_��Z60f$r5R+��=�Z60'�_ 3 A60� Gan �w [21] %9�C5n12CP [23,25] �Q� SHMF �vAmdgk SHMF $=�+�:$ A |zf�^}X� van den Bosch �w [78] +�r5R=�



� 3 ^ B,�Æ���>�s6S	U�MSD# 273�j1JY$zh℄3���r5RQ�mq0x� A �:0'�r5R=�3+���0�� SHMF �� A = 3.5 �C5�12CP�5d<r�60l�+7>���r5R�T�Ar5R+��f��_��Zv�����'�=��

` 2 s6S>�k2 (SHMF)���B# EPS �,�S��qV�� SHMF �y��B#45FS (SIM) [23,25] �S��V�� SHMF ���p��8Eo4�z( (Cluster) ppw�z( (MW) ���B� SHMF 	

` 3 �9` 2 Æ71�&:�D6o23DQ	6e
(a) Ilpw�z( (MW) ���
�u8U��8L� (b) Il4�z( (Cluster) ���
�u8U��8L	��&45FS�8f�`Dj�oF8B�xI℄��>�% A �S�8f [21] 	
5.3 �|od_ 4 Hk��nux&�����r5RO"6J*x|12CP [69](��) n%9�C5 [21,84]("��) �5d�℄���!/M��=�R�6J{2u���!nu"26J [46,55−57] ��f���!�$ Gan �w [21] �C5A"�|�r5



� 274 �������U�x�G�D�#������� 28 _�RdH3_��d9E5�=�md[03+�����r5Rq$6J� N RCP+�r5R�6J6/M��=� [22,23] �ZT��"26J6r5R6J:7�C'+FYxXl$>N CDM �*$FX& [23,32,52] ��:$I6<$YD�CP
(Via Lactea n Aquarius) E5���r5Rq$6J{t6"26J	,��C5A�v Zentner �w [84] �"�ym�r5R=�&~E5i�7 'y�%O rs

∗ dM�=��r5R�3_��d9Gan �w [21] ���n12CP�G�5d��d"r5RH3d9 Gan �w [21] +�md�J�A/i�(�L'�r5R��nZT�G�6J (i*w� [81]) �+7>�60kGJ�A/��212CP{tn,WV�6<$
g Fr�|Q{tw� [45,52] ��t+FXlmO$mmZTX5�HVg2"2�6J�HO:��|� CDM C5 [45] ��f Gao �w [23] n
Springel �w [69] �LR�ymr5R�q$6J�CPJ ~X�

` 4 �ovÆy'	��	Æs6S�t�&P0lN	P#��7K��o Springel Æx45FS�8f [69] �#A�o(<�F8�S�8f�^A�o0N����S�8L�|4v���o℄W��pw�$4��Q$8L���o�F8B#ÆB}�u8UeI4`�e<�F6���nf℄14,�B���u8Us&8L [21] 	nu"2�6J�ZT��|�[FN�E5�6JF5G"\<($x'1"26J�[F���nYo0�[;�R[F"2Y [46,56,57](disc of satellites) �
Kang �w [33] � Kroupa �w [46] +�+Er5R6J~-z>N CDM C5Y�C5ym+Y1$ZTX5�Hg2Y1$nuA�[FN�Y-ZT+��W[2
(Andromeda, M31) A�"2Zw��86J [56,57] �+E6JN�H�*MZ*{{�L'bÆnX&� Libeskind �w [48,49] ![*9(+[|QC5ym+mO$2Y�w��*�H^�J�����F��Zv�:��
5.4 )�i℄#���v_ 2 n_ 3 AdmgkCDM �*�Q�nux&����w
�r5R9
|1�� ∗ rs % NFW 8!(z�	?&P�



� 3 ^ B,�Æ���>�s6S	U�MSD# 275��F(ZT+��nu"2�Im7B|1�F (*� 1) �\X�Xl��W[2�52rAZw��+:$�u�r5R|Q (substructure problem) �`��"2|Q (missing satellites problem) [44,45] �+F|QY�z Klypin �w [40] PkF+�`1LR [7,44,65] �w5\=ym�℄���/M��fQf_Rg<�bR�on|29mq�s�r5R�F2|9mZT��2 [42,45] ����2�!D+�jrO++`��"2p�w�~nu�52rA�_ 5 Hk�37I+��nu"2�|/[�na$2��X_�_A���>�I SDSS �ZT�� [76] L�L��i���mq��w58�B�xÆ
30 ∼ 50 kpc�q$M��60g2��2X5 [41,76] �j"�ZT�E�*sTollerud�w [76] �Q�nuA 400 kpc /kMs?9
|��F"2+|}~-{�L�L`Ti��LT�

` 5 ovÆ#3Æ	}0\��b%3YÆ`��B#�{ Tollerud Æx [76] St�Ke SDSS �℄W��	
6 7 �2��=�r5R�T�LR|zxC"�D6<$12CP�+2;���YxNEHk�[+zl��>X�2Fr�>���=�j1nq$6J�KE�<�2�9nT��%9�C59`�r5RT����ge6>�12CPAs?j"����<�ZT+��x�"2X5m�*MZPO�FYSj�r5R�T�LR{t$[Fv4pQ�12CP�z&�=�nz&�h �{tn,WV�6<$�*7=�n��6<${tHWg Fr|Q�z&/kM{tw��%9�C5~-j"=�����<�r5RM�|2T���FT��r5R$���Zv�E?YJX12CPnZT�5d{Zkr��"�ZT+��"2{
~�*�Q�w5℄j��[}JTZTA+�L'�"2� LSST [29](Large Synoptic

Survey Telescope), Pan-STARRS [31] n SkyMapper [36] ��
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[82] Yoo J, Miralda-Escudé J, Weinberg D H, et al. ApJ, 2007, 667: 813

[83] Zentner A R, Bullock J S. ApJ, 2003, 598: 49

[84] Zentner A R, Berlind A A, Bullock J S, et al. ApJ, 2005, 624: 505



� 278 �������U�x�G�D�#������� 28 _�
Progress on the Evolution of the Dark Matter Halo Substructure

GAN Jian-Ling1,2, CHANG Rui-Xiang1, HOU Jin-Liang1

(1. Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory, Chinese Academy

of Sciences, Shanghai 200030, China; 2. Graduate School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: According to the cold dark matter (CDM) model, haloes form via hierarchical merger,

i.e., small haloes form first and subsequently merge to form bigger ones. The smaller halo in a

merger event becomes the subhalo (substructure) of the bigger one, which is called as the host

halo. It’s still unclear how the subhaloes evolve and distribute in the host halo. In this paper,

we review the progress of the studies on the evolution of dark matter subhalo using simulation,

semi-analytical model (SAM) and observations.

The best way to study the subhalo evolution is N -body simulation, which focus on the fully

dynamical tracing of the subhalo trajectory and mass profile. It has been shown that there

are several good scaling relations to describe the subhalo properties, such as the mass function,

merging time scale and spatial distribution. It’s important to understand the origin of these

relations.

In the past decade, semi-analytical models (SAMs) have been developed to study the evolution

of subhalo. The SAMs consider a few important physical processes like tidal stripping, dynamical

friction and tidal heating, and combines these mechanism with the merger trees, which describe

the accretion history of dark matter haloes. The SAMs can reproduce the same subhalo properties

as that obtained by simulation, and perform efficiently in computation. In fact, simulation results

provide strong constraints to the parameters in the SAM, while the SAM interprets the physical

mechanism of the subhalo evolution.

Observationally, the number of satellites found in the Milky-Way (MW) has been doubled in

the past decade. By assuming the relics of merging haloes can be regarded as dwarf galaxies in

the normal galaxies or galaxies in the clusters and the subhalo can be treated as the satellite,

we can directly compare model predictions with observations. There are discrepancies between

observation and theoretical predictions. The probable reason may come from the resolution effect

in the simulation or the selection effect in the observation. Further progress on the study of

subhalo evolution is greatly expected to be made in the future.
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