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1 ���� 

&�! NASA�����������"#��� (Wilkinson Microwave Anistropy Prob-
les WMAP [1]) �!���"� $'�� ���� #�� (Ωλ) ($)$'��%!&
" %&#$�% #�' �#�' (CDM), &!*+�'()'"�*&# + CDM
� 15% '(, WMAP �!�$'-#!!($%)& CDM #!�)*+�"$',%
*,� �.)!&" '��+ -��#,-.//#!"'#,-0#$%�&(- 2
,'.#$//0( (2dFGRS) ,#$�)##,'1#$�1�2$2) 3//0('
2dFGRS - SDSS - 2MASS 4#5*6%%�37�&#$�8,-.+-*/-4*!,
54-. /++)!'(06)1�*1+07�!%%�.//#$81 ' The Great
Observatories Origins Deep Survey (GOODS) - Gemini Deep Deep Survey (GDDS) - K20 /
/0('9290�#$81 :�2$ CDM ,-3#$.):&"*6%3.�;/'
1 CDM ($�$', � .)�*;40)%�<2'$'<,��4�+%)1

�� -./032004-11-30 4 12/032005-01-27 4 34.
56783�19-��=2:Æ5. (10125314 5 10373012 5 10203004)
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$'7%<2,8>% 97?!,=.�:8:#&=/>;'1 CDM ($�03
3 4�� 9+1$:#>;4@929;< .)=>�#?'A%*,�#?7?!9
24#?�B9C&.)'(34@�#$.)5 5  #$6�!192#?6�78
?7�9?;< D#&.)� [2] '�C CDM 5 EA N ?&B#: 98;A @C�
8?�9-D#.)!<A#��F9-#;C)<2�#$.)�=�B#! (SAM) 1<
<=:>;?>%$?%�+0 [3∼7]  @DE�#$#'�1'%GC6:1��HC'&
� Springel 4A [8] - Kang 4A [9] �D �C.<,�&B#: 1�#@#?,A� �
033 SAM DE�8,I&=3:1�>*C�.< 9!#$%,F#$�8,-.+
Æ,7$47:1�A ?�'

B& SAM ,%#$.),*+<2�ÆC<,@" @*$A�5B&7:D:''E
:��"=31�#' :�/+HC8,I&! Tully-Fisher 7$ :�FE*D SDSS #
$�4* – #4ÆJ#,4'&��*2.//1�' GOODS -GDDS -K20�D SAM
DE�B#$!GKF�H1.//C>" /+B#$�4*:L/ [10] 'DBM/921
�N:�C:� CDM #!�:= I AG%#$.)��5<2N:L%� './/$
'�DD7%8?�9�JG [11] -D#.)27//�&"-D#($'�I& (IMF) 7
//!OE�E"-<A#!P)#$Q���F9%#$,8?#,�JG'K�F92
HINLK15�1��(FH:RFI#$.)#!'

2 �GGJJK>HLHSI

#$.),KI��5<2'T *J5 3A�5<2($)#$�#'!&"K#?
�.)JL-8?7-��9-D#.)-<A#!P)#$Q���F9-D#8,&"-
�M9,&"-LM�M�'

2.1 6?@ABCDE
!,(3�$'-#!B&��>N>FD #?192$'-,-3�.)2$�%

KNN>@O'P#�'�&B#:1<<'T>;?>%'%�+M @'�!.�#@
2U8%%*. [12]  IQLN'NO>R#?�.)JL'S&B#:,P!#?*JQ=
>�P&M2V (Friend-Of-Friend)  9G2VLNNO2OP'��Q+5#R/*;#?
;)'2$"� 98P!K�#?'�I&: CDM 5 DEHC>'W'M/&B#:,
7,#?)R�-.LN>R#?1PX�&R0O!S(�9C03 S&>R#?�.
)JL'<,�*2&B#: !,#@2>3 #?9C?.)�� N>�Y (S!,&
BPTQ>4'��#?+1%'��#??'T8TQ.R�%)  9R!H:1#$%,
1�R�#$&(HT:�HC S=>�<,9CHI'?K�&B#:�D 1=L.�
'�#@2033 4'�#?LN1%'�#?;UP>;+( 9C?�#?9:�8
Y� &�3:"A� [13,14,8] ' Springel 4A [8] �!%*;>W�UP#?6A� �
2V SG�DA� �I'�*J V;#?'�� 10% '/+SGN�D1�#@#$
%A� �033 SAM �!�%#$,F#$8,%%U3 :1�?� !%#$8,
I&=3:1�*C�.<'&� Kang 4A [9] N�D#@A� N��!'W�.#$8
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2.2 6JKLMNOPBCQRS

%*;,."�#? @8?�U,%C #?�,.U, S T = 35.9(Vvir/km · s−1)2,
@, Vvir  #?�,.V,'1=X r C 8?��9+V 

tcool(r) =
3
2

kTρg(r)
µmpn2

e(r)Λ(T, Z)
, (1)

S, k  W�TT?& ρg(r)  =X r C8?'�Æ, µmp  �YQ+'� ne(r)  
Z+�&Æ, Λ(T, Z)  8?��9I& [15]  EXZ,8?�U,!�M9,'8?��
9=X:Y 1[=XC8?��9+V4,D+$'->['%,4'�#? !,@�
9=X%,,.=X 8?�9'T'N3�=�B#!'WX [16,17] 5  924'�#
?��9+V #?�).-+V' Kang 4A [9] �D %4'�#? Q$'->[U 
@�9+VAC5 98�!�##$&(>" :1�AHC'

=�B#!,*JND#.)2"U ψ = αmcold/t�  @, α  #!B& mcold  
�8?\� t�  D#.)+V'1 SAM 7,D#.)�VY, t� >:D:':/�UA
XQ� t� 7:�/' Somerville ! Primack [6] 1999 >Z! *;?&� t� �!�D#.)
21.//Z3 :��" Lyman-break #$�&(7//�&"' Kauffmann 4A [16] -
Somerville ! Primack [6] 5  t�  #$�).-+V�!�.//��:1�AHC' de
Lucia 4A [17] ! Kang 4A [9] &��D '�+*08;R t� :#$[VV,�7$ 6
��!:1�HC��8?\� – 8,7$'
1D3� SAM ,&:D:��<#$!P)#$Q���F9%#$,8?#,�J

G'<A#Y����]N#$,�8?D7 QSP\#$W S&]"W,D#�.)'
(3:XZ��92D78?�Y\ SEG�Z1#$=1�#?;)N�[R#?[)
]RA%�� .)&*A;<'4?&B#:19;HIH�!���7:Z*C 9!
\^XZ,=ÆC�D#.)<2'D1*J5 8D78?�Y\HYRGL�#U3 
EA",RAS(&XZ,#$�=.]'
2.3 6WXYZ-P�[C\]^A_`
N3�'T=�B#!U^8;R�M9,�&"'9�I *2)AG:ZXZ1

D#&"<2,_!��M'X::/�,�8? (#$W,�8?!#?6�78?) �
^C[_*2)� %]" SAM #!�a!B&'R!H�M9,�&"%=.)#$�
#'3'%�JG'\9 78?��927�M9,�*.&TV>D S&$C#$
W,�8?�\�>D *.D#�.)'@A�M9,^. D#&"^T 4*^/'
Kauffmann 4A [16]-de Lucia 4A [17]-Kang 4A [9] �D ]_#$�4* – #47$
7�!�M – B,7$($� `^B�#$@�M9,7^.'D1�=�B#!*J5
  D#1&"<2,_!��M]\9+1#$W,��8? 7?!<A#Y�N>9
?��8?_1R#?�78?,:@^C[&?>9�78?�9AT �M`7�8?
+1#$W,.)A�D#' de Lucia 4A&��D '�ÆC*;a?�D#�M\2 
#$%,78?��M9,>1�3'1��D #$%,78?��M9,%+ 0.2∼0.3
Z� (Z� � 0.02  Zb�M9,) '78?�Ma^L�KH, SAM %�MV/<2�@O
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ÆC''�D#&"_!��M&#]?+178? 6:]3HYHI a' Cole 4A [7]

X?�#!O8':<I�KN �M1:/8?�,S(�&"N:�'XZ'
#!#$1:/�@�8,L!D#&"5 �! (3%TXQ Bruzual! Charlot [18]

1993>�!�#;C)#!'�:D#� IMF !�M9, `;+b t #$1�; λ C�4
� Sν  

Sν =
∫ t

0

Fν(t− t′)ṁ�(t′)dt′ , (2)

@, Fν  �: IMF !�M9,-*;Zb'��D#1]a?`*+b�8&��#
, ṁ�  a)�D#I'�'B>bc�� #8]_RD#!LM�M�'Wang !
Heckman [19] �!%*;@O7$KVYLM�8b:#$6cc�@8,�7$'dQ
Gardelli 4A [20] 1989>�!�:/�@LM8b�7$ �C Tully ! Fouqué [21] �!�
^W#! LN>RLM%:/�;GC#$B,�JG'&� SAM ,??dQ*;e
GRASIL [22] �2dK#`A C5�LMM� EM/-�V/5 98;%LM!D
#�'(#,%-�V/�JG'

3 �GGJJKH__e`

I�KN fg1 CDM #!SH� SAM �)*+�"fT�&#$!&#.//#$
�#' '#$�8,I&-#$�&(7//�#,-#$��7I&I@:4*!8,4
��77$-4* – #47$'92)*&#KH, CDM #! KH,AG%%*,� >
;�aD5�' SAM&*K�)*SC1,@%=KI�*K�5<2�>C5VY '8
?�-��9-D#.)2:#$%4�7$-D#F9%8?#,�JG-�M�V/:&
"-#;C)#!4'3)"c*2N>3a"#-(3��>N>FD�*K��K�&#
$�T�@8,I&-]_#$�4* – #47$'

3.1 6defghij
a1+@� SDSS 0(!g7F)� 2dFGRS �!%h%��&#$81 !QLN>

R#$fT*K�#' @,&*K�#'d<,#$1:/�@�&(78,#,'a 1�
!% Kang 4A [9] #!DE�T�@8,I& @,k<:�#!DE 8Y�R:�:/
UA [23∼25] %1��&W:Ce: (*JQ Schechter I&KVY8,I& LF) 'Sa 1 LN
i! b% LF �#`!c�@�B` (' SDSS � u �@) N[ SAM #!�!���:1
�HC>'W'9�I C5�$'-#!!.<,�&B#: [12] �!%C5�#?'�
I&-#?68?�92#! bc�4'�#?68?��92�U33l,>R>��
LF #` c@amA� 1#$f!#$%,�&"�!%C5� LF B`'

3.2 6no – Ppqr
1�H'<6�D #$%,�]_#$3*;$?W��77$K4* –#47$ (CM

7$)  S^B�#$4*^/'N3� SAM'g#: CM7$ 9(K�^38;�M9,
�&"'Kauffmann! Charlot [26] �D CM7$(K!8,Æ�M9,7$($ S^B�
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d 1 �����db���
 [9]

Scalo c Salpeter ehhÆieffdggjijehh

#$@�M9,7^.' de Lucia 4
A[17] ! Kang 4A [9] 7;R%9*
f'a 2� Kang4A 2004>���'
LNiR 8;R�M&"� SAM �
�!:1�*C� CM 7$'

4 �GGJJKkkHij

#$.)#!Kgi�*;7l
HI� D11�R�%'��&#$
Rh�lm+i.)�j%,9;H
I #$8)&"#! [27] 5  #$
.),<,�*A;< 7?(38,
&"&kl&Æ,:E'fg1 CDM
SH� SAM 5  #$�1s0;<

d 2 �������� – ���� [9]

nke Bower jo (1992) k Coma glmlmmmetnk
jpnh

>"'�#?,.)� %'�#$1.//IQ%B#$8,-Æ,7//&"�1�N]
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?n9RG:/�.)#!q#\K'oo SAM �)*+�"%&#�&#$�#' o�
1�".//#$1�2)932pg (K"D 1.//DE�/#$&(Z" 9!
%'�#$�&Æ,7Z3'
4.1 6uPrvw

&� Somerville [28] dQ GOODS 1 South field )q 160 �2r#�*r Ks < 22 �
#$81 >R%@4* (R −K) 7//�#, 9:SG� SAM +@%N> 'a 3 =
U'LNi! :1��N SAM �!�/#$ (R−K > 3.65) 1 z = 1 C>"[1 z � 1.4
C M16^3 R−K > 4.5 �/#$[1�:4*C ' R−K = 4.0 C @DE�#$&
(7>"'

d 3 ������ (R − K) ������ [28]

(a) lmpp4 (b) hhpphnkeqÆkqhhlmesnno2orssttpre 13.555.853.25 15
0.550.1 Gyr edgpuptq (vu) ekqulh

4.2 6xyzPrvw
.//%'�#$�Æ,/8%#$.)#!=3'\�qr' Glazebrook 4A [29] ,

2004 >dQ GDDS �!� 150 ; K < 20.6 ! 0.8 < z < 2 �#$ >R%@D#'�'a 4
�!%D#'�Æ,://�7$ @,s3rtu�&/f S1�>R�B �Y: 
Baugh 4A [30] 2003 >! Granato 4A [31] 2000 >� SAM ��'LNiR SAM DE�%
'�#$ (lgM� > 10.8) 1 z > 1 CN1�"%+*;�0[>4'�#$ (lgM� > 10.2) 1
z < 2 C:1�>HC'9N� SAM DE�ID#'��C5� S.//I�D#.)2
9:3 o�%&#D#.)1>4'�#$;) (10.2 < lgM� < 10.5) '6

666
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d 4 ����	��
w������� [29]

vswxevelms�nkehhlmhffewseffedgijvx�stsytu�h

5 �GGJJKwxHGxzy

fg1 CDM #!H� SAM 'g/+�":/+b#$�#''1Q�&#$�1�z
*"#!B&033 #!DE�.//%'�#$!/#$�&(U>1�"':<&�
Kang 4A [33] �DSG� SAM 1.//C�DE4*$?/�#$ /+1�:4*Z&
C#$�&(7�>D'7,/#$HI 1�H:o�D`;�:4*C�#$&(>#!
DET &!N�D%*24*$?/�#$' Kang 4A5  9(K�!,*2 SAM ,
U1#$<,9CNI%'�#?8?<,�9u)�'N3 SAM,Q Navarro!White [32]

�!�).-+VKDE#?9C?v##$�&" o Springel 4A [8] �D1.#@&B
#:, %'�v##$�UP+(>).-+VDE�; IQ<,9C]"%92%'
�#$�&( `!,92%'�#$�4*>/ =N1O2^38;A� �#!, '
Somerville [28] 4 #!DE�/#$&(>"'/+<,9CNI8?�<,�9$CA�
>yD#.) =N92#!DE�#$4*U:L/'
!,1�&#$%,^�D%��78?�9 /+ %{z#$%,,w#$�N1

�ZB fT SAM=1:/{rKvr%'�#?,D#�.)'Somerville! Primack [6] -
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Cole4A [7] x<|E78?�#,KU3#$%*,�#?,8?��92'Kauffmann 4
A [4,16] X?%*;A �yR S%,O2,.V,%, 350 km/s�#? ÆC@78?�
�92 z EA8?SQ�9%7:.)A�D#':ow8 92#!U�DEC5��
&#$%,w#$�8,I%#$�8,I&'o�3*;HI*]8}{ 6�92#!
/+U3%.//%'�#?678?��92ID#.) =N$C92#!DE�./
/%'�#$�&(>1�"'&� Kang4A [33] �DQ*;@O�|V6LN>D.//
%'�#$�.)'N3' Kauffmann 4A [4,16] ! Kang 4A [9]  SGX?A vr%'
�#?,8?�9�2V Q#?�,.V, |/ 9$C1.//CfT'�>4�#
?@8?�978vr% I 1�:�,.V,C #$�'�7$'�YÆ,>D&]
4' Kang 4A [33] &��D '�:Q,.V,&Q'� |/ xLN>D.//%'�
#$�.)'S�5H{ PX*GA vr78?�9�2VU:aD T[=1`2�5
{r 'KaP)#$Q���F9-7}$KU378?��9'o�1(3%92=?�
�5<2N:XZ�033 A vr8?�9LN�AG*2}U S|E8?�9��
5<2RhT[%~G*,�#?A�yjDB^3PX5!(yz,.V,&:�'� 
|/z|'Kang4A [33] �D '�N'�%, 2.5 ×1013M� #?,�8?�9{{ #!
:o�HC�&#$�1��� /+7�>D.//%'�#$�Æ, S&�>W+�
"%'�#$Æ,7//�E"NI GOODS �#$&(7//�#,'

6 �}�|�|

}G%#$.)� SAM +MNIU1�HIU%*;@O�"c'#$.)=KI��
5<2$?~} AG%@,&7l�8?<2%�9:T '78?�9-D#.)�V
Y-<A#EP)#$Q���F9%D#.)�JG'& SAM x AG*6%*;>@O
��F92HI�~X'1 SAM �+*0�M, AGLK:R+=1AC5��5#! 
/+�CD3�T�@1�Kqr#!<2I#!B&'1�R�%�.///#$I%'
�#$85 �(3 SAM �(Kpg o�7)1�&/�90 ADc@-:/�@&/
�N>y>~ *K'FD+N (3N:XZRh�lm{rQ>.//�D#.)'Q
\^ &`�lm{rQ>7?�D#.)8vr NC~(iR��&#$,D#.)2
>3'9Y3~,+*02$'
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Progress on the Semi-Analytical Model of Galaxy Formation

Kang Xi1,2

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Based on the current popular hierarchical clustering model of Cold Dark Matter
(CDM), The Semi-Anlytical Model (SAM) of galaxy formation have made impressive progress.
After introducing the reasonable prescription about the baryonic process, such as the gas cooling,
star formation, energy feedback from supernova and AGN, the SAM succeeds in predicting many
observations. On one hand, SAM can match the observations of local galaxy population, which
include the luminosity function, the two-point correlation function, Tully-Fisher relation, the
color-magnitude relation. On the other hand, SAM also match observations of high-redshift
universe, such as the cosmic star formation history, and the redshift-distribution of Layman-
Break galaxies. But some recent evidence implies that SAM redicts less massive galaxies at high
redshift, and insufficient number of extrely red objects. In this review, we discuss the success and
failure of SAM, and give hint on how to improve the SAM.

Key words: Astrophyics; Semi-analytical model; review; galaxy formation; galaxy evolution;
luminosity function


