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� 216 �������R�r�=�C��������� 25 \4x,SkJ� [1] �z4-%p	C&�x,>�dg�Wx�&UC&�
pD��Hx
#�o�ot&�
�	UCp�xU+#j>,S�
b:(pU�NWxH����m(e℄�:(B/jMx.x�	2�x&�.x�Y-�`7t 1926DJZx.x�Y�gkwOY%xU0 [2,3] ��k9�&��`7IX&�x,A.&�f��.ka�&��:v&�k<Z
&��
t`7.x&��yqx<�(�&�,A.xB/Æ��k���JZÆuyRu.x�Y�S`�.x�Yk#{9.x�Y}�FDq�5AUF�'xB�kUFZUx���U�jQb&�℄��Q���s
SDSS (Sloan Digital Sky Survey)k COSMOS (Cosmic Evolution Survey)�[J_��dS�&�UF,9wsÆ�jxJ� [1,4,5] ��tsbjxN(�℄Vx9�&�,A.x&�[J{?k��+6��!x&�.x&���k�3
qdS&�,Ax.x�*tb�U�5*�&�,A.x�Yk+5*�&�,A.x�Y'JZ�4'Y%Bk�s�V��&, C [6] �+�Q&, A [7] �gV&, S [8,9] �
A�, G [10] kT&, M20(moment

index) [11] }���&�,A.x&�xeukUF,Xx�j16��wFDq	&�,A&-xBPdwÆ7�1PB��o��Tt&�,Ax.x�&�,A5vXxJ��&�,Ak&��MxT��&�,Ak&�}|>	��}BP�|��i	7�uL�7�&-pj_	T�6� [12] �(q-�x(."�;�<Wx&�,A.x&��	b
℄}�;�FDq	&�,ABP&-dwx1PB��Oy�x(�&�,ABPQÆU��gkE��
2 �(�.C0z( 
2.1 �ouY\j|x�Px&�,ABP9P*�t/)<Wx&�
,�ot#sq�xUFZU�+�
20 � 70 Dl℄V(?�k���LUFU�{x()1Fx��xj&�℄��4#4NIIq�:(x,AB/.x��k9�x.x&��r�<�JZÆ<Wx&�.x&��R-O:3xk`7	 1926 DJZx
dH℄�&�,A.x�Y [2] �
2.1.1 �����$"�k 400CF�&�x℄��`7�&�,AB/Æ.x��
(p� 3% x&�Zp<Z
x,A�j�,&�Zpa��:v>8O [2] �5y�U��KR�`7~Yx.x�YB/Æ;Xk����w`7.xqad|�4'Y%Bk [13−15] �`7.x�Ye℄;ok� 1) &�e,A}e.ka�&� (E) �\N&� (S0) �:v&� (S) k<Z
&� (Ir) � 2) a�&��-�<W.k E0(�) s E7(-) �R-,F
n = 10(a− b)/a � a � b .3ka� M3k �3� 3):v&�IXR-"�2p! (bar)xi	e.k�L:v&� (S) k!:&� (SB) � 4) �L:v&�k!:&�IXR-j^x��j�k:,x+8V�}e.k a � b k c yCCx� 5) \N&�Rkea�&�
E7 s:v&� Sa/SBa x_�&�'eu`78��oR�*x&}):v&� Sa �a�&�� 1 mag � 2 mag [16] �



� 3 Q f�1
~�'�-B/yyCQC� 217�HV`7.x�Y���IX&�xW<6�,AH�qB/.x�o5yxBP22`7&�,A8�vr�&�}|C,
pT�s�&�x�.G{���<H� (t&2�*zk=�
�) �-1[x,
�&�,
�&�W�k�M} [17] ��R�`7.x�Y)>pZprW�4�xUC1P~
�j��`7,A.xRi	U�D�xh��s�`7.x<�kt�-��&�x.x�<�:v&�.x_tfE�b
��t��&���|Rk&�}�`7.xR�{?k� [10,16] �yqx7�<�	`7&�,A.xx
℄}B/Æ��k���JZÆ7suyRu.x�Y�S`�.x�Yk#{9.x�Y}9�.x&��
2.1.2 ��#����$"*t`7&�,A.x�Y�:v&�x.x_t(n�<?!iE0ENx:v&��uyRu (de Vaucouleurs) }m [18−22] 	`7.xx
℄}��ÆU0ym&�,A.x�Y —— uylu.x�Y�uyRu&�,A.x�Yv`7&�,A.x�Yxb3	t� 1) .`7dH℄x93 (E-S0-S-Ir) DM�	 Sc y-�$Æ Sd � Sm �4.`7.xx Ir k Im lP� 2) IX!xi	v2�!xWx�.:v&�.k SA � SB k SAB yjx�p!x�Ypk`7.x-x SB &��%p!x�Y	ak SA *&���(px!x�Y	ak SAB *&��
3) �t:v&��`7.x9P�WX:,Jlx1?k!>x8O	�H��uyRu.x
$}Æ:,x,> r(ring-shaped)� s(spiral-shaped)� r l2:,lS{>��S�,�a�,� s 2�:,e&�j"�!�Z��,S
 s �>� 4) �
�uylu.x�Y�euÆ,F�C, T q2�&�x,A�s E(T e −6 s −4) � S0(T e −3 s −1) � S(Te 0 s 9) k Im(T = 10, 11, 90, 99) �
2.1.3 �%� ��$"o&�xG{e℄�
�&�xj^A. (Dt) k:,A. (DZ) xt&S.i	A�:Ib�8℄<W,Ax&�-j^k:,x��MÆ<W�a�&�-"*+�W�℄j^9r��e*:v&�)1*z�j^MÆ/x�:,MÆj�
t�UUF�Æ�7I}m [23−25] euÆV��C,�O-ÆUG!x&�,A.x�Y�QRS`� (Yerkes)&�,A.x�Y (
7I}	'\S`�Qq>KR�w3�RQR7I&�,A.x�Y) �	S`�.x�Y-�"�euÆUCV��8�� a–af–f–fg–g–gk–k�o a s k �&�x-"V��8,�$ (R-� a *l2 Sc &��<Z
&�� k *l2a�&�) �&�,A}�\Æ[pxa�&� (E) �:v&� (S) �!:&� (SB) k<Z
&� (Ir) ��$Æ L � N � R k D /Cx*� L 2�-���� N 2�	ix%L}p���xj� R 2�Zp=��Q1� D 
2�%pP�Y&�
A*zx&��b
�9.x�Y�euÆe 0 s 7 x\0&,� 0 2��,� 7 2�*a,��℄ p 2�H$�BP22�S`�&�,A.x�Yv`7.x�YkuyRu.x�Yprfx�gT��4jS`�.x�YU#%p'Y%gk�o5AjN(�Q�9x_��7I}mJZx&�V��C,r1!wsÆm(xoe�9&�xm���e℄
� (7I}kx�9F�
	m([Je℄�k�3
	
�F
) �r�kt�%�)x&� [10] �
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2.1.4 ������$"#{9	.�F� Q℄��
�:v&�:,x,Av&�x℄���+X�T�W����:,R�M��%��!"�W����:,�<%��Xb�#{9 [26,27] 	`7&�,A.xx
℄}JZÆ#{9&�,A.x�Y�_Q DDO �Y�DDO �#{98	xBPnp ——David Dunlap Observatory—— x6 �#{9&�,A.x�Y��mx�<HkÆ`7.xC
 E–S0–S(a � b � c)–Ir �4�$W��Rk� 2 CC
�. Sb *.k 5 CW�� (I � I-II � II � II-III � III) �. Sck Ir *.k�CW�� (I � I-II � II � II-III � III � III-IV � IV � IV-V) �W�� I kNY&�� II k�Y&�� III kU�xY&�� IV kAY&�� V k�&��&CW��'B�k 1 mag ��
�<�Bk
�4i� + � − .`7x*�.kv<_�*� n k&�>, (nebulous arms) � ∗ k�>, (patchy arms) � t 2�&�#s
O��Æ/h��℄}x(;�ÆU�
t9�x9Px&�,A.x&��:(e℄rf�ktF�&�x,A.x�o��&�Ri	U�h��"���tWU&��<Wmx9�.x8^e?<W�mk9U1)1j�Rd�jZ5�Q�wUF,X�j�16��tN_ 1 000 C&�xN(�9�.x�h��Oy�#sg�Nj'.0�x�+�e℄�}r=b.�vX&�x8O�℄*9�&�<?rf���vX&�B/.x�
b�x(OX4PU�!x
t�3
x&�.x&��
2.2 �n�b\j|xUF22�<W,A&�x-�� I(r)(�&�&np-���x�WW�) .>�<Wx�a�&�x-���pe℄k r1/4� (I(r) = Ie e−7.67 [(r/re)

1/4
−1])qrf�Co�:v&�xj^A.-���pka�&��0�ek r1/4 ��&�HA.e℄k&,� I(r) = I0e

−αrq/)�R- I(r) & r _x-��� re �p� O� Ie � r = re _x-��� I0 k-"-�� [28,29] �
b�e℄k<WxJL� (r1/4 �� r1/4 � + &,�) eCo&�x-���p�I�Z&��j^9rx���H9rx�e�p��.�*&�ke*&�b._ (U�oka�&�k\N&���*&��:v&�k<Z
&��e*&�) ��Æ}�	�k&�x-���p�&�,AB/.x��ot&�x-��.>n!�8℄JL�k Sersic [30] JZx-���pL�� I(r) = Iee
−bn[(r/re)

1/n
−1] q�&���.>B/Co�R- n 'QR Sersic &,� b = 1.999 2n− 0.327 1 � re kp� O� Ie � r = re_x-��� Sersic L�xm��<Wx,&, n 2�<Wx-���p� n = 1 �gt&,�� n = 4 k bn = 7.67 �gt r1/4 ���UC&�x-��B/O!Co��s^wsx

Sersic &, n 1j�
ok<�UC�*&��!"�s^ Sersic &, n 1��
ok<�UCe*&� [30] ��
�Rpr�KR�&�-��B/Co��.&�.:kj^kH	A.�j^A.�k r1/4 �� Sersic L���HA.�k&,���&�j^k&�HA..3Co�jy�IXO!Cowsx8^��3j^A.x�.W� (B) k&�HA.x�.W� (D) ") B/D ��&�,AB/.x [1,32−38] ��)t9�x.x�Y�5*�.x�Y)�Æ.x�x9U1�ektjN(�Q,X&�x.x�o�0&�Rp<D�xS�1�"��<Wrt8Bkx&�-���p5*� r1/4 ����&,��Rd�<%p
�sp�&�-e?�i	!�\N��}S.�



� 3 Q f�1
~�'�-B/yyCQC� 219�Oy��t�vX&��#sg�NxUF.0�x�+�j^kHS.r=b._q�
2.3 �[n�b\j|xV-x([J;�Æ9�&�,A.x�Yk5*�&�,A.x�Y�*t��.x�YxS�1�FDqU�+5*�&�,A.x�Y�9'��kJZ�4'Y%�gktBP<WvX&�x,A.xkJ��(7-x(.;�V��&, C �+�Q&, A �gV&, S �
A�, G ℄�T&, M20 } 5 C2�&�,Ax8OC,�
2.3.1 ����&! Ca�&��WV�� (light concentration) O�x&��Y�jA.&�W.>	&�-"1�xb|�5A&�,A/e�&�xV��/x�&�W.>)1*z�H3�Zp1jx=�2���0�
x:v&�k�&��:(xWV��1��
b�&�-WxV��JL'kq	1�	
��&�B/.xBP�kÆ	
/)&�-Wx.>V���6euUCV��&, C(concentration index) �<Wx<�GZÆ<WxV��&, C x	akF
&��
	'Y%gkxp	0�

1) 
t�M
�	 Ox)%� C ≡ 5 × lg(r80/r20) �R- r80 k"
&�J�
 80%A.3�b|x� O� r20 k"
&�J�
 20% A.x� O [39,40] �
2) 
t&�	C<W}�� O>x�
)�C ≡ F0.3r/Fr �R- r 	ak&�-��

µ jt 2 &QW3�W� (µ > 2σ) x}�� O� Fr 	ak&�	}��b| r >x�.W�� F0.3r k&�-"_ Ok 0.3r }��b|>x&��.W� [6] �V��&,�UCv[{{Tx2�&�,AxC
�<v&�x2�*z�&�xW��W�}>A&1
pT���t℄}	0&��&�-&WxV��&,
�HA`78�	8,/��a�&��V��&,O�x&� [9,41] �o���t<�QY%pUC2ix-"x&�r=�iF
RV��&,�8℄��kV��&,4<?p��I���&���*&���e*&���4PeuR:C
�
2.3.2 ���
&! A

Shade }m (1995) [7] "d.+�Q&, A(asymmetry index) eus&�,ABP-�kt	
/)&�x=�+�Q1� A x,%k.&�℄�:= 180◦ ywsx℄� I180 v&�~Y℄� I xI% [7,42,43] � A xF
�6k�
1) "�	a&�℄�x-"k&t&�xb|�
2) .&�~�℄�l-":= 180◦ �
3) )1:=V�y&�℄���3 A xj���3 A x,%�p	0<Wx&��
(1) A = {

∑
i,j [Io(i, j) − I180(i, j)]

2/[2
∑

i,j Io(i, j)]
2}1/2 �

(2) A =
∑

i,j |Io(i, j) − I180(i, j)|/(2
∑

i,j |Io(i, j)|) �R-� Io(i, j) �&�~�℄�}8U�_W�� I180(i, j) �.&�℄�jl-":= 180◦y9�x3�W��`k
��G	b|> (U�q.�&[{-" 1.5rp ℄>xb|� rp k&�x Petrosian  O) x8p�}�E [43,44] ���	0&��+�Q&, A x,%
	 0k 1 "'�q A = 0 ��&��dg�Qx�&�-&U�{_-"�W[{YS 180◦ x�
(��}) 
p�Wx���q A = 1 ��&�
�dg<�Qx�HA`78��&�xW<



� 220 �������R�r�=�C��������� 25 \+�Q1�$� A �j�+�Q&, A �&�W�x<�Q.>r0>�<e℄(np��?G&�-xt&,S�&�'x�|Rk�4o��}�U�q.�℄j�,%p4o��i	x&�
<�pr�x A %�o4P<`x���4<`oA8px4o&�
U	pr�x A %��
�
A v&�x℄�&}{T�o&�x[{� A pU	h���{x(x&��otUF.0���b}e�JM~�J�Q�W��A�v&�xG{�T�<�Qx&��G{Js�.2��&��OFpt&,S�1�Qx&��G{Kv�&MS.��1t [45] �
2.3.3 �Æ�&! Sa�&�W�.>)1^���:v&�k<Z
&�}>Apt&,Sx&��R-i	U�t&,Sb��P��Wb}��w&�W�.>i	U��xC8O�8℄�kÆ/)Ex&�W�.>�\Æ4PV��&,k+�Q1&,
��4P	a&�C8OxC,�	VmKRx
℄} [8,46] �Conselice }m (2003) [9] "d	aÆ�
UC&�,AC, —— gV&, S(clumpiness index, or smoothness parameter) �kq/)&�-�W�8OH��gV&, S 	ak&�~�℄�kM~yx℄�"'xI%�Conselice }m (2003) [9] GZx S �3L�k� S = 10×

∑
i,j{[(Io(i, j)− Is(i, j))−B(i, j)]/Io(i, j)}; Lotz}m (2004) [11]GZx S �3L�k� S =

∑
i,j |Io(i, j)− Is(i, j)|/

∑
i,j |Io(i, j)| −Bs �R-� Io(i, j) �&�~�℄�x3�W��B(i, j)k%L℄�)eM~y℄�xW�� Is(i, j) kM~yx&�℄�}�g�x3�W�� Bs k%LQWxM^M~��v+�Q&, A UN� S R��[{&�-" 1.5rp ℄>xb|`k�BP22�gV&, S v&�-xt&,S��pT�ek℄`F&�-OF��xt&,S���B�BP&�xJ��U�q.�a�&�-r�pOFxt&,S�:v&�k<Z
&�-�pj
xt&,S�8℄a�&�xgV&, S 1���:v&�k<Z
&�x S %1j�

2.3.4 ���$! G
A�, G(Gini coefficient) �`j�J�<"
A [47] t 1912 DJZx	
F	!u.JIbV�x&1�Abraham}m (2003) [10] "d.
A�, G gks&�,A.xBP-�k℄	
/)UC&�-E�}x�
��.>℄n�s^&�-W�.>�^�x��EC�}_3�W�dgUN�
 G = 0 �5A&�W�.><^�1�$� G R5A�j�H3�q&�-8pW�
�-	8UC�}_x�x� G wsOj% 1 �Æ�x
A�,;t 0∼1 "'�%�UC&�"
 n C�}�&C�}_x�
%k Xi �
A�, G 2�� n C�}_�
"'x℄�I%�Ge℄�k℄
L�`w� G =
∑

i

∑
j |Xi −Xj |/[2X̄n(n− 1)] �R- X̄ &&�-8p�}xM^�
�Jk��x�3 G x&���.� n C�}�
%�
8G����k
-x`kL�ws� G =

∑
i[(2i−n− 1)Xi]/[X̄n(n− 1)] �o℄}	ak�3&�e℄�
�
A�, G kV��&, C i	U	x���s^UC&�Zp�V��&, C �`oA&�xjA.W.>	U�A.�}}�8℄&�x G %Rj�o�� Gk C Ri	2�xI3�Zpr� C %x&��R-O�x�}U�.>	&�-"b|7F��Zpr� G %x&�-O�x�}Rpe?.>	&�+-"xb|��
�vV�
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~�'�-B/yyCQC� 221��&, C �)�
A�, G e℄kt2�n`,>�n`[{_x&�,A��<P`&�pUC2ix-"��U�+Lp�tF
;�O�x�,>j��<Z
x-}vXk�vX&�x,A�e�.t.F�&�v�vX&�B/)1�BP&�x,SkJ�_V�
2.3.5 ��&! M20
�s&�-O�b|x�6T (second-moment)e℄/)7s&��j�!�:,��{-"x&_},AH�xj'.>�Lotz }m (2004) [11] 	aÆT&,M20(moment index)��MÆ&� 20% J�
x8pO��}x[U��6T�kt/)&�x,A�%�&�JNp n C�}�.&�-x8p�}��
eO� (i = 1) sO� (i = n) xB/G8�jyeO�x�} (i = 1) �1�x�}w��s^� m(m < n) C�}!K ∑m

i=1 fi = 0.2ftot �
 M20 o℄
L��3ws� M20 ≡ lg(
∑m

i=1 Mi/Mtot) �R-� fi �&�-� i C�}_x�
� ftot �&�-8p�}xJ�
�Mi = fi[(xi − xc)
2 + (yi − yc)

2] k&�-� i C�}x�6T� xc � yc �&�x-"T1� Mtot =
∑n

i=1 Mi k&�xJ�6T�4je	a}bM20 vV��&, C �0�o:(p	�2�xIb�"��M20 J$Wrt&�-2�b|xj'.>�Rf1
Ck r2 �Rd� C ��kkOFWwsx�kO��,�a�,�o M20 4<P`&���,�a�,�Qx��3 M20 �&�x-"�UCDoC,���Ib�w M20 ) C �4oH� (s�Cj) J$0>�H}8)���t9�.x�Yxmk1k(�o�N(�5*�.x�Y4P%�&�W�.>!KU	,�xe,�+5*�.x�Yxm���<4%	&�W�.>�dg�k�3
D�F
��oj&�N(&�,AxBP�W����8OC,�v&�xt&,S�� (s C) �&��|Rk (s A � M20) ℄��W�8O (s S) }�T�Zp16x}|>d�:(�'Y%gkt<WvX&�x,A.xBP-�
3 �(�.C0zzE�F�x&�x,AU
Z<WxH��sa��:v�!:�<Z
},A�o&�	z4x<W�hx,A�ÆNx�:(x,A�snJ�x�&�,Av&��Mp
$T�}���uL
	BPw�<�r��5A�Q,Xx�wk&�,A.x&�x���OF	��&-xBPRdwÆU�1PxB��otF�&�xUF,X)116�
	�F�&�x,AC,xBP)1��s�k� 350 CF�&�N(� Bershady }m (2000) [40] BPÆ&�G{�-��� C k A xT���
 C k A e℄p��b.<W,Ax&���*&�)e*&�ZpJvxG{�J�xV���J�x-��kJfx�Q1�&�xV��&,k&�xG{Zprfx�T1��k 240 CF��L&����v
&� (ULIRGs) �&#&�k�a�&�N(�
Conselice }m (2003) [9] BPÆ:(x C �A � S C,��
<W,A&�x C �A � S C,<W�C 3�Æ&�_ext&,S���A3�Æ&��2i	4o� S !iÆ&�
	xt&,S_V���C,e℄kt&�,A.x� Abraham }m (2003) [10] �k SDSS,XBPÆF�&�x G � C k&�xM^-�� 〈µ〉 ��
 G v C p1fx�T1 (i	U	x*z�*zo 〈µ〉 eTx) �4Y5A C x�j��j� Lotz }m (2004) [11] .�
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&�k 73 CvX	 0.05 < z < 0.25 "'x
ULIRGs x C � A � S �G k M20 T���
&�x G–M20–C prfx�T1�e*&�pJ�x G k C �Jjx M20 � Yagi }m (2006) [48] BPÆ 349 CF�&�x C k A ��
 C k A e℄p��b.�*&�ke*&���k 22 000 �C&�N(k9S..��� Conselice(2006) [49] BPÆ&�x 14 C9PH1��
&�,
�t&,Sk�|Rk}H�!iÆ&�x}|H1����
?fv C � A � S pT�8℄ C � A � S <�e℄�&�B/.x�W�R"
A16x}|`a�V_�F�&�x.��x(e℄�

C � A � S � G k M20 ��C,<�e℄kq�&�,AB/.x�W��v&�}|H1�T��s��*&�VLZprjx C k G %�r�x A k M20 � S %�BP<WvX_&�x,A�p;tÆ:&�,Sx}|_V�
t`7j'g�N (HST)x�j'.0�℄� (� 0′′.1) x&�,ABP22�&�	vX z ≈ 1 �[JU
Z<Wx`7,A��k`7�K (HDF) ,X� van den Bergh }m (1996) [50] F
Æ&�x C k
A ��
<Z
&�	�vX&�-x)�2��$�!:&�r���a�&�x)�kF�&��0��k� 350 CvX[!x&�x HST ℄�� Brinchmann }m (1998) [51] �
��t 0.3 < z < 0.5 �<Z
&��� 9% ���t 0.7 < z < 0.9 �<Z
&�x)��$sÆ 32% ��k`7��K (UDF) Fv
6�,X� Menanteau }m (2006) [52] BPÆ
0.3 < z < 1.0 &�x,A��
<W,A&��z4-t&,S�+� (SFRD) MÆ�<Wx�R-:v&�MÆ1P�<Z
&�xMÆ5AvX�$��j��k CDFS,X�Dahlen}m (2007) [53] .�Æ<W,A&�� SFRD xMÆ�wsÆ�0x8��OF� Lotz }m
(2006) [54] BPÆ z ≈ 4k z ≈ 1.5t&,S&�x,A��
	�	CvX_&�,A/�<2��j^9rx&��� 30% �W4o&��� 20% �R:&��� 50% �Ravindranath}m (2006) [1] BPÆ z > 2.5 xt&,S&�x,A��
R-�p 30% x&�k�*&���p 40%x&�kH&��V_℄}BP�x(!t&�x,AiÆi	J��o��BPj����vX z > 2.5�vX z < 1 x&��r���svX;t 1.0 ∼ 2.4(vX 1.4 ∼ 2.5'QR redshift-desert [55]) x&��8℄+6$W�UvX#jx&�,ABP�e�Jg-�Y�Æ:&�,AxJ� [56] �
4 �F�x�h(q)1�Y�;�Æ&�,A.xxy0<W&��9�.x�Y�5*�.x�YkOF��x+5*�.x�Y�1�;�Æ+5*�.x�Y- 5 C2�&�,Ax8OC,�V��&, C �+�Q&, A �gV&, S �
A�, G �T&, M20 x	a�F
&��}|`a�9�.x�Y�kÆ&�,Axj
%���&�,A.x)12i�o:<QiU (�tWU&��<W.x�e?GZ<W,A) �R<�ktjN(&���vX&�,Ax.x�5*�.x�Yg5Æ9�.x�Yxh��o<4P%�&�W�.>!KU	xe,,��oÆ�}&C&�xW�.>
<��W�8℄r=k8C�8�e,qCo�+5*�.x�Y)9�.x�5*�.x�YPJ&.�JiU�Jp��<?	
�F
<WvX_x&�,A�4?	U	V�}!i&�x,SkJ�_V�o\
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A�, G 5UFU+/�1�
�R: 4 C8OC,
	<WV�}#s℄�x.0��%�)xh���
���8OC,�e?�5A&�xJ��J��e��w
t��C,x,Ax3IX	<WvX_e?<W�
	�vX z < 1 k z > 2.5 x&�,AxBP[Jpr��o��vX;t 1.0 ∼ 2.5x&�,AxBP�r��j��q��x X22�&�e�Px<Z
,As
	x<W`7,Ax/�e?��	�CvX#j>��x�8℄�CvX#j>x&�,AxBP�k1P�	nqxKR-�x(.�k`7j'g�NUFwsx`7��K (UDF)x�.0�&�℄��	
�F
vX z ≈ 1x�vQM (Extremely Red Objects�� EROs)x8OC,�e,A}�i�b.<x	CCx�oDt&MOSx�vXa�&� (OGs)k6P�xt&,S&� (DGs) �Tt�	x&�	�vQM-8�x)�U#i	rjx����<(x.xr#4v&�x,SkJ�pT�8℄BP<(x,A.x�.1P�	� EROs .xB/B�BPx
℄}�x(e℄BU�BP<(xUFH�k}|H1�4vJ�vX_x&�H1B/)1�DE&�"'e?xJ�T��4v&�,SkJ�5*)1℄�+5*C,�W��x(R.�k COSMOS ,X�BPvX z ≈ 2x&�,A�Wiz~�
[1] Ravindranath S, Giavalisco M, Ferguson H, et al. ApJ, 2006, 652: 963

[2] Hubble E. ApJ, 1926, 64: 321

[3] Sandage A. ARA&A, 2005, 43: 581

[4] Stoughton C, Lupton R H, Bernardi M, et al. AJ, 2002, 123: 485

[5] Scoville N, Aussel H, Brusa M, et al. ArXiv Astrophysics e-prints, arXiv:astro-ph/0612305 2006

[6] Abraham R G, Valdes F, Yee H K C, et al. ApJ, 1994, 432: 75

[7] Schade D, Lilly S J, Crampton D, et al. ApJ, 1995, 451: L1

[8] Takamiya M. ApJS, 1999, 122: 109

[9] Conselice C J. ApJS, 2003, 147: 1

[10] Abraham R, van den Bergh S, Nair P. ApJ, 2003, 588: 218

[11] Lotz J M, Primack J, Madau P. AJ 2004, 128: 163

[12] van den Bergh S. Nature, 2007, 445: 18

[13] Hubble E. The Realm of the Nebulae. New Haven: Yale University Press, 1936

[14] Sandage A. Hubble Atlas of Galaxies. Washington: Carnegie Institution of Washington, 1961

[15] Sandage A, Bedke J. The Carnegie Atlas of Galaxies. Washington: Carnegie Institution of Washington,

1994

[16] van den Bergh S. Galaxy Morphology and Classification. Cambridge: Cambridge University Press, 1998

[17] Lahav O, Naim A, Buta R J, et al. Science, 1995, 267: 859

[18] de Vaucouleurs G. Handbuch der Physik, 1959, 53: 275

[19] de Vaucouleurs G. ApJS, 1961, 5: 233

[20] de Vaucouleurs G, de Vaucouleurs A. Reference Catalogue of Bright Galaxies. Austin: University of Texas

Press, 1964

[21] de Vaucouleurs G, de Vaucouleurs A, Corwin J R. Second Reference Catalogue of Bright Galaxies. Austin:

University of Texas Press, 1976

[22] de Vaucouleurs G, de Vaucouleurs A, Corwin H G, et al. Third Reference Catalogue of Bright Galaxies.

New York: Springer-Verlag, 1991

[23] Morgan W W. APSP, 1958, 70: 364



� 224 �������R�r�=�C��������� 25 \
[24] Morgan W W, Mayall N U. APSP, 1957, 69: 291

[25] Morgan W W, Osterbrock D E. AJ, 1969, 74: 515

[26] van den Bergh S. ApJ, 1960a, 131: 215

[27] van den Bergh S. ApJ, 1960b, 131: 558

[28] de Vaucouleurs G. Annales d’Astrophysique, 1948, 11: 247

[29] Freeman K C. ApJ, 1970, 160: 811

[30] Sersic J L. Atlas de galaxias australes. Cordoba, Argentina: Observatorio Astronomico, 1968

[31] Blanton M R, Hogg D W, Bahcall N A, et al. ApJ, 2003, 594: 186

[32] Ratnatunga K U, Griffiths R E, Ostrander E J. AJ, 1999, 118: 86

[33] Peng C Y, Ho L C, Impey C D, et al. AJ, 2002, 124: 266

[34] Simard L, Willmer C N A, Vogt N P, et al. ApJS, 2002, 142: 1

[35] Bernardi M, Sheth R K, Nichol R C, et al. AJ, 2005, 129: 61

[36] Vincent R A, Ryden B S. ApJ, 2005, 623: 137

[37] Allen P D, Driver S P, Graham A W, et al. MNRAS, 2006, 371: 2

[38] Sorrentino G, Antonuccio-Delogu V, Rifatto A. A&A, 2006, 460: 673

[39] Kent S M. ApJS, 1985, 59: 115

[40] Bershady M A, Jangren J A, Conselice C J. AJ, 2000, 119: 2645

[41] Graham A W, Trujillo I, Caon N. AJ, 2001, 122: 1707

[42] Abraham R G, Tanvir N R, Santiago B X, et al. MNRAS, 1996, 279: L47

[43] Conselice C J, Bershady M A, Jangren A. ApJ, 2000, 529: 886

[44] Petrosian V. ApJ, 1976, 209: L1

[45] Conselice C J. PASP, 1997, 109: 1251

[46] Isserstedt J, Schindler R. A&A, 1986, 167: 11

[47] Gini C. Memorie di Metodologia Statistica. Pizetti E, Salvemini T, eds. Rome: Libreria Eredi Virgilio

Veschi, 1955

[48] Yagi M, Nakamura Y, Doi M, et al. MNRAS, 2006, 368: 211

[49] Conselice C J. MNRAS, 2006, 373: 1389

[50] van den Bergh S, Abraham R G, Ellis R S, et al. AJ, 1996, 112: 359

[51] Brinchmann J, Abraham R, Schade D, et al. ApJ, 1998, 499: 112

[52] Menanteau F, Ford H C, Motta V, et al. AJ, 2006, 131: 208

[53] Dahlen T, Mobasher B, Dickinson M, et al. ApJ, 2007, 654: 172

[54] Lotz J M, Madau P, Giavalisco M, et al. ApJ, 2006, 636: 592

[55] Kong X, Daddi E, Arimoto N, et al. ApJ, 2006, 638: 72

[56] Genzel R, Tacconi L J, Eisenhauer F, et al. Nature, 2006, 442: 786

Progress on Galaxy Morphology Classification

WANG Min1, KONG Xu1,2

(1. Center for Astrophysics, University of Science and Technology of China, Hefei 230026, China; 2. Joint Institute

for Galaxy and Cosmology (JOINGC) of SHAO and USTC, China)

Abstract: A history of the development of the present morphological galaxy classification

system is given, starting with the basic Hubble sequence. Hubble’s classification system has

proved quite successful and is adequate for most of the nearby, luminous galaxies. However, it

does not form a complete system for describing other galaxies such as low surface brightness

galaxies, high redshift galaxies, dwarf spheroidals and spirals, etc. Later, de Vaucouleurs and van
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den Bergh modified the Hubble classification scheme by adding features such as rings or “s”shapes

and the luminosity class etc to it, while Morgan devised a classification system that was even

simpler than Hubble’s original scheme by classifying galaxies mainly on the basis of their central

concentration of light. Most importantly, de Vaucouleurs extended the prongs of Hubble’s tuning

fork with additional classes Sd, Sm and Im. And the Yerkes system successfully provides an ade-

quate description of the morphologies of galaxies in very rich clusters while Hubble’s classification

system loses resolution in the cores of them, where almost all galaxies belong to classes E, S0,

or SB0. Furthermore, van den Bergh found the strong correlation between absolute luminosity

and degree of development of spiral arms: the most luminous galaxies of type Sb have the most

strongly developed structure and the degree to which spiral structure is developed in late-type

galaxies(Sc spiral and irregular nebulae) is a function of absolute magnitude. Some researchers

think that the integrate light ratios between bulge and disk(B/D) correlates with qualitative

Hubble type classifications, which may be computed by fitting the galaxy with a two-component

profile, although with significant scatter. In recent years, some studies have devoted to distinguish

galaxies in different stages of evolution using only several computationally computed structural

indexes: concentration index (C), asymmetry index (A), clumpiness index (S), Gini coeffecient

(G) and the second-order moment of the brightest 20% of the galaxy’s flux(M20). It is believed

that these parameters correlate with the past formation history of a galaxy, star formation, inter-

action, recent and undergoing merging activity. They are effective to classify all galaxies types in

the nearby universe and can be used on high redshift galaxies, too. these morphological classifi-

cation system of galaxies is reviewed in this paper, their advantages and weaknesses, and recent

progress of morphological classification for low-and high-redshift galaxies.

Key words: astrophysics; morphology; review; structural parameters; galaxy evolution


