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1 �A���ÆR�^�pi(tl��l�&y�)�0�AAl4�n�ÆiY�g1p>>�ÆWP}��^�2i )�z|n��Jh�<mÆ�^�~-�^ )
4�0_-L_�Cp�X^L_�^�n�-J&y. ^Æ~)�0�. =Æ��:�^��^|. p�%�Æ�^�~-�^?|. ℄�<mÆQ2fG�0j_��[�$�^��0_-=���^�Y�g�^Æ3_SWP#^. [�<�^�n��_dy (Star Formation

History Æ�^ SFH) [1−4] �O!ÆÆR�^!A4GY��^�piS:��li 1961 &Æ de Vaucouleurs [5] ?#g�^��^�(!9�q�!��4℄ÆÆR�^�z�4uF�JF�f�S	AAG�^'�[Æl���^��^!9t�z�4u��(WP
��A�-EÆS	fG=�l�PY)v-,E�w�ÆR�^06pi6��^'�Æ���,pÆ>�� mPih�2009-05-27 � �Wih�2009-06-29XZ}f�℄�,PP��**$r� (10573028 � 10803016 � 10833005 � 10878003) � 973 r�
(2007CB815402/403)



� 348 �������/�M���.�s������� 27 H�D,℄ [6−10] �|Æz,gv�[<SÆR�^�#LLS�,�VFÆÆR�^3XKj?
�A4�_-2_�,?��p�5o de Vaucouleurs�Y�fE�z,_-�5o e 
��Y�) [11−13] �fES)�
�A4Æ2?l^FgÆfE��0&y.)F^Æ)�0�F= [14] �49gi�^b?�fE.)FpÆz?{~~?�^Ls6��^'���OfES)L(D,G<Æ�2L/)�ÆR�^�fEg)-L[�<�Balcells g
Peletier [15] �<s 45 ?l�ÆR�^ (Sa) Æ#g!	�fEpi(�f��^'�Æ�^�!9q�!��4℄�?�ÆR�^ (Sb/c) �fE4(pi6��^'�Æ!A.=^�^g68�^��^'�F� [16] �

de Jong [17−20] ^5��<s 86 ?�tÆR�^Æ fGj_- (fE + )) $j�*$��,?�^�-%FfEg)jF-�55�#g)�7Y (scale-length) �>��A4!L^5�4uÆtF-�^�)_-i�>� (℄>�) �7YtQ4iY>� (p>�) �7Y�z9�℄>��p��Y�!9�4u.p>�-{Æo!|Æs�^��^�(!9q�!��4℄Æ4J(ÆR�^�)_-4(pi6��^'�� Li �S [21] G_��*$� 395 ?�tÆR�^-	sfEg)�-%Æ3_$j�^)�^�9t-B��s�^'�Æ=-,E�ws)_-4(pi6��^'��,�VFÆÆR�^�)_-�K!!>�_� (inside-out) [22−27] Æz||ÆÆR�^����0&y.>D,^Æ9gi�^b?��^����^.>D,pÆ�6��^'��j_-$j�O�-%fEg)_-. e�*$Æz:*$�4tQ,���IG���Lm>�.\�IGA4���~g�#^AAA4�N}}fE��p��Y�,4j R1/4 ~Æ4�p��!9b����)�fTQ5o e
��Y�)_-�<mÆ�QÆR�^ÆJ4�?�ÆR�^ (fE. x) ÆfEit!9k�Cp�,Xx�Taylor�S [28] �<s 142??��^��^'�Æ 	=�L��^-	j_-$jÆ!�iLz!9 Re k��^-_sjF-�=VF Re 2!2fE_-F Æ! Re 2>2)_-F ÆfE�zF-�Cpmx� 	#gtF-ÆR�^ (Sa/b/c) �>DGY (R > Re)pi6��^'�� Liu �S [29] IGs_��*$Æi!Y�!9 R50 k��^-_jF-=�<s)F- (R > R50) ��^'�� 	#gÆ[_ 70% �ÆR�^�)F-pi6� g − r �^'�Æ4v[_ 90% ��^)L6� r − z �^'���O�ÆR�^�^'���<Lm Æz�Ur�^'��[<+WOpi}9�gi. ,Æ�W
��ÆR�^��^'� )�K�0'� (stellar population gradient)�6�Æ!℄���^'�Cpmx [2,20,30,31] �<mÆÆR�^��^'� )%Es4n��_dy!9t�S:Æ�<�^'�Q2FÆR�^��_g#u��+ILi�WPb��2b�	e(h�^'��Æ52�,| )�WP#^ÆOr%�Ur�^'��[<gCp�^'�Pl�<�Æ4r(h�^'��#u2�.#grB�
2 ��`)���7�y��Æ�^��^'�?��4�^�9t-B-	j
$j!~}�}��z9



� 4 g {`p��T��S�_�_(���=.s 349�+F�Æ�^'�=�L,?5,�Æ5�9 1 Bgs,|�<G7�IG��^'��Æ52�Pl�^'��'D�o9�Q2M}Æ{�<�vF~?ÆR�^vÆ�^'�AAÆ5F ∆CI/∆lg R Æ4� ∆CI F�^�4ul�!��<�^)F-��^'�vÆ�^'�o3XÆ5F ∆CI/∆R �z�<FtF-ÆR�^>D��^4uF�.��F--{ (J�Lh [29] ��7 2) Æ~?�^��^9t-BQ2i����:7�me�j
$jÆ!)F-��^9t-Bij
��:7�?#me�j
$j�o9 1 �zQ2M}Æij
��^'��Æ5�ÆL|!9IGsUayK (kpc) Æz>,|!9o\,}s�&|e� (7Y Rd ~Lz!9 Re) � ∆CI/∆(R /kpc) %Es� kpc e��^�4ulÆz(�Æ5F�Ua�!{�^Ll��#LvÆ ∆CI/∆(R/Rd) �Æ5Q2ja�. A4tx�^��^'�Æ!AQ2*3�ga���-	. �A 1 �Bt�℄Q���jqMHK	�>H9  a*���8 Ro(E
Prugniel �U (1998) [7] ∆CI/∆lg R ���a
Gadotti �U (2001) [8] ∆CI/∆lg R ���a
Moth �U (2002) [9] ∆CI/∆lg R ���a
Li �U (2005) [21] ∆CI/∆(R/Rd)1) �a�+H/
Taylor �U (2005) [28] ∆CI/∆(R/Re)2) �a�+H/
Muñoz-Mateos �U (2007) [31] ∆CI/∆(R/kpc) �a�+H/
Liu �U (2009) [29] ∆CI/∆(R/kpc) �a�+H/

1) Rd �I-Ika/%k�a��r��Z�h�+�8Z�
2) Re HN{";	KQ�^'��Æ5 � (Æ!APl'D+LS:Æ�2A4G7��m -	Æl�. Æz��^'��&
�A�Æ5�A4!4u��X^�^'�F6	Æ9}�^>D��^.����^℄�%�Æ���^'�9}�^��,℄Æ1`,p�

3 ��`)�U�`�-Kn�U`�<ÆR�^�^'�g�^�,Jl�S^Q2G[-XCp�^n��_dy� )<�Æo!F��+ILz�WPb��
3.1 �
�y�oGRy�;. �N�#���=^�^g68�^L -��^'� [32,33] Æ!A4�^'�g�^�k�y7LSÆ�^�_;
>Æ4�^'�- [34] �A[o�^ (Im) 2�!1A[o�^�?�ÆR�^ (Sd/m) pi���^'�~�L�^'�Æ!A�^'��
\. t [6,7,28] �l�ÆR�^ (Sa/b/c) o06pi6��^'�Æ!A.4 _��^��^'��)� [9,21,28] �m>Æ Liu �S [29] #gÆR�^�)F- (R > R50) ��^'�g�^��A�J� cTSÆ!�^���A�g�#_�L���S^ [35−37] �ÆR�^���A�tAA9
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fE�Cpmx�
3.2 �
�yF~GRy

Taylor �S [28] �<s 142 ??��^)F- (R > Re) ��^'�Æ 	#g�^tÆ)��^'�� (J�Lh [28] ��7 7 g7 8) �! Muñoz-Mateos �S [31] 2�
Liu �S [29] ��<#^Mf}�^'�S�^tx�Lf"S^�4#^b�S:4w�IGsA4��^'�Æ5�Æ�X9 1 �}Æ Taylor �SIG��^'��Æ5��Lz!9e�b�^�4ulÆ! Muñoz-Mateos�S2� Liu �SPl�o��Uae�
(kpc) b�^�4ul��^tÆ4Lz!9?|tÆlB��Lz!9e�b�^�4ul?+Ot�m>Æ�^'��
\S�^�txLS�x�^�^'��
\AAmtÆ!t�^��^'�
\,Xx [29,31] �
3.3 �
�y�bGRy�^�Y�S4n��l���lS�Æ�^'�gY��S^Q2�!%E�^'�gn��l�S^� Kim g Ann [6] #gs�^'�g B >��I�����pi(mZ�lSS^�p��^�sL ���^'��! Taylor �S [28] �G74(#g'�SI������lS
mZ�I�����^��,Jl�,Æ�^ – ��S^+�WPbml?#g�7�~ (scaling

law) �,Æ��p��^Æ4�^p��^ – ��S^ )�KQp (�lt) ��^�n��_v7F� [38] Æq0FTÆ�2Æ4-J�0�&yF^Æ)�0�F=ÆWPb9gF�^Fp [39,40] �
3.4 �
�yeLGRy

Liu �S [29] i���^��^'�vIGsL�
2j�^��*$�D-!�Æ 	�,2
�l���^��p��Y-	�Æ=��r��YM6,?
2j�^���p��Y�fGz�*$Æ 	G Sloan �-�.WP�j� ?�tÆR�^L�s 193?
2j�^�Æ=�<s
2j�^��)F- (R > R50) ��^'�g)��p����lSS^Æ4#^X7 1 �}��^'�S�p���pim>�lSÆ�^)��p��Æ4�^'���7 1 b�wj���L�B
GVS�Jr�4Æj
$jÆwjj1��j7gsMS-B�
\ σ �Q2M}Æt �-Bi 1σ �>��^ R50 �. x
(9gF
�er x) !A. � (9gF�B
��^ =) Æ4vz|�^�^'��PlVS+. t��p�9ggS�^'�m>�lSÆ9��^��l���i�^��_g#u_b�6s,X�)�7G� Kauffmann �S [41,42] Gn�Y1i 4000 Åk�e42�
Balmer Z�j HδA 
�ÆO�s�^!n��-J&y2�_I	 Ga �_�n��lw�^.�l��-.Æo!~}s�^��n��_dy��[Æ=�<s SFH ��^�,J��.\S^� 	#gn��l�����^~-�n��_dym�)�
Chang �S [39] 3_�<ÆR�^��^��S^+#gn��l����CpÆR�^n��_dy� )<��! Bell �S [2] 3_�0j_�� (stellar population synthesis

model) ~g#�Æ�^�!9k�-J�p�S:!9k�-J�0&yg)�0��
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8 1 g − r �_(� (�6G� kpc �_�5vm)Ggr (8) h r − z �_(� Grz(8) T�_*G..K�q� µd (r ?�) ���mTT_ [29]�-��C�w;-��3k�a�WT$H a*��RoWT	�C�dv;~�a� R50 dv��C� ado;~�adr	9��xk���N�C��5�%k�xkk2��k8huNT/D��℄ (σ) 	k��9�Od�Chuk�Lo���nVa�3��5�%k�k��Æ	
4 �Vs�`)��℄>n_ÆR�^pi6��^'��<i[< )Lj?Æ,�!;��0'�Æ"�℄�wY�
4.1 ���pL�0'�,�+VF��^pi�^'�� )[<Æz�3_�^'��<�^��0L_mW Æz�<F&y – )�0��= (degeneracy)�pi�����Æ&y^~)�0�=��0�^,pÆ!&yx~)�0����0�^,℄�z?|Æ&y^!)�0����0g&yxz)�0�=��0Q#|9gFl4��^�z�&y – )�0��=��<�^�n��_dyn_smt�W �,�VFÆ.6�^�>DÆÆR�^����0&yF^4v)�0�F=Æz(3UrsWP}��^'��z)�<�0&yg)�0���?�Ur�^'�� )[<Æ?)k$%i&y – )�0��=�

Bell g de Jong [2] +g�Yp>>��WP�B|F-�%i&y – )�0��=� 	�<s 121 ?�C�ÆR�^Æ=IG e 
�n��_�� Ψ(t) ∝ exp(−t/τ) [�h�0



� 352 �������/�M���.�s������� 27 H�j_��Æ��sA4f|)�0�gA4n��_v7��Ur��^ÆOr�������^SWP��^9t-Bi�^7b-	s. � 	#gÆÆR�^��^'��&yg)�0�'�K47G�#^�! de Jong [20] 2� Abraham �S [43] o#gÆR�^��^'� )�K&y'��6�Æ)�0�'���^'��7Gmx�Wu �S [44] fG
SDSS (Sloan Digital Sky Survey) g 2MASS (Two Micro All Sky Survey) ��B�<sl��^��^'�Æ=fG�0j_����^'�-%_&y'�g)�0�'�� 	Gz�*$#gsl��^��^'� )�K)�0�'�Jh�Æ!z�*$Q2<ZG[�<ÆR�^��OUrÆR�^�^'�� )[<��0'�Æ��Cp�^�0_-L_�<�?Q#Cp}ÆR�^��^'�Æ.XÆ�^1`�n��_"� (star formation

threshold) �Cp�^��GYn��_�}��^f AGN g#&#L��b���z|<�,,-	%��
4.1.1 �������

van der Kruit [45] i 1979 &+gÆ�(!9�q�ÆÆR�^��p��Y=A.�4j e 
�-BÆ!�pi�?"�!9 (break radius ~ cut-off radius) Æi:!92>�GYÆ�p�-BAh5o e 
�-B��rPL �<G7�wsz,gv [46−48] Æ4�
Pohlen �S [48] 3_� 31 ?1xOt�^-	PY~}s�?�^�"�!9� 	#g"�!9S�^�7Y�.g7Y,m_%.�gX�7YF 5 kpc ��^Æ"�!9bF7Y� 4.5 *Æ!7YF 20 kpc ��^Æ"�!9,F7Y� 1.5 *�Martin g Kennicutt [49] 3_�<�n��_�<� Hα �p��Y#g"�!9Q2%�F�^1`pin��_"�Æ�"�!92>�GY	s�L12n��_Æ{~:GY��^,p�z||Æ"�!92>��^9t-B,-pb? [10,50] Æo!Cp}�^'��Pl�X^o0Æn��_"���^'��CpÆ�^'��Pl'D4ei�i"�!92!�
4.1.2 ������

Kauffmann �S [51] #g=Y� AGN �� �^��0-J&y. xÆ!Az|&Bn�=A�-Bif91Æ!�Q2X\}	 kpc ��*�z��=Y� AGN j#s�^���12n��_Æ!A>�	:�SF�'DÆz,��|Cp}�^'��Pl�!�Q�Y� AGN �� �^Æ4�0_-S�X�^_�Æz���Y� AGN �� �^�n��_CpAt� Chatzichristou [52] �<#gt � Seyfert II �� �^�^'�F6	Æ!AQ�Y>��^'�E�X�^��fG<�3_�< 32 ?�X�^g 18 ?
AGN(1 ? Seyfert I �Æ 17 ? Seyfert II �) �� �^Æ Cunow #giQ�Y>�Æ� �^�^'�.�X�^exÆ!ip>>�M�LS< [30,53,4] �Hunt [55] +~}s_��#��,�[�ÆÆR�^��� AGN AAY�. �Æ�2 AGN �4� �^��^'�ÆJ4��^>D��^'�Cp x�
4.1.3 �� ��#&APÆ
�j#n��_�z>,?�)<� [56−60] Æ Gadotti g dos Anjos [8] �<s 72 ?ÆR�^g 166 ?#Æ�^�~-�^'�Æ#gL 41% ��^pi���^'�~�L�^'�Æ!z|�^�tF-�#Æ�^�z��#&#L��^ (J4���F



� 4 g {`p��T��S�_�_(���=.s 353�-) ��0_-Urs,Æ�Cp�z�KQ 	Pl���^~-��^'�Æ�2=A#��#&#L��^t!9kn��_�CpÆz*�zLx-,E��<�
4.2 �D��=A4>�℄�wYl�S:|{WP}�.-�^.{w�^,p�i�,�j*tb�wYgpul.\Q:*tb�℄����WP}�℄�-B.n�-BF�rÆ47Ytb�n�)7Y� 1.4 *Æ!7=��n�)7=�,! [61−65] ��Q�tÆR�^Æ��q1`&�℄�-B|{~�^��
}�℄�puFF��Æ<!Q2Ur�WP}�6�^'��fG���<℄���^'��CpL �*$ [66] Æ4�y�,��VF℄�)KQWPyg�^��Æz�*$^F
/���� (screen model) Æz�z����℄�-B_Q�yus�
[�����o�kTi&�℄�)KQn�)��Æz(L,!�n� (KQ℄�)�r) 
}℄��Cp�. !1wWP�℄���� Disney�S+g[� Triplex model [66] Æ℄�)�-BSn�)_�Æi9tgl�*tb�4j e 
�-BÆA4��℄�)�7=).n�)x (zSWP�w4j) Æz,��+Z)BG [20,67,68] �2 de Jong �G7Fg [20] Æ fGz,���<s℄���tÆR�^�^'��Cp�i �G7�℄�)�7=g7Y=ARÆÆ℄�)Sn�)7=�.	-<HF 0.3 � 0.5 g 1.0 Æ!7Y�.	-<HF 1.0 � 2.0 g 3.0 Æ=iD-��_b�N}s℄�iA4>�wY�Z��\i�PY�Cp�4r ~g#�ÆA4>��℄�wYNwQ2Ur�^'�Æz�KmUr��^'�mxÆ!A�Cp}�^���GY (xQj*�n�)7Y) � Cunow [30] +~gs_��#��℄�wY��^��F-�PYCpm��Æz�i�^>DÆ℄�	s�6���
5 �Dq�`)�Qn�>�i�^'��Pl_b�Æ
Xrd��.Y)6�PlVS�<��|Cp}Pl#^�
5.1 �J`�Un,?
_<
}t8�Q�g:|2�07pB�[<�CpÆi CCD b�_sA�,?
Æ̂ 4Fw_s�p�-B�
Xrd� (Point Spread Function Æ�^ PSF) �,�DVbÆ PSF 	A|mt�.XÆ SDSS � PSF �!1LU (Full Width at Half Maximum Æ�^ FWHM ) bF 1.5′′[69] �<mÆ PSF  )Cp���!9. x�.-�PY#^��Q�^ÆPSF �4��F-�Cp|t,|Æ!�t!9k�Cp. x�m>ÆX^j?>�� PSF A,ÆÆ?|Cp}�^�PlÆo!Cp�^'��.6[�ÆX^A4>� PSFS<AtÆ PSF ��^>D��^'�Cpmx�

Michard [70]#gÆiL|>� PSF�; (wing)Q2�l}mt!9k (Qs} 15′′∼ 40′′)Æ ^z�gvF
pg�zB (red halo effect) Æz�zB|Cp}t!9k�p��Pl�i���^�^�9t-BvÆX^�G�j?>��,pi
pg�zBÆ�^'��Pl?|
}Cp� Wu �S [44] #g SDSS i i >�� PSF ?piz�
pg�zB�i�<�^�
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5.2 �sT>\.Y)6�pi��Z.-2��^1`F-�PYL(mt�Cp��2i��^-	PY�;Æ	e)�.Y)6'N�Si��X^.YPlL^5,SÆ?|Cp}.-�PY [71−73] �z�.Y)6Cp}����^�~-�^Æ!�^'��?l�lÆ
}�CpA|mt�z�Æ.Y)6mq�pi|{~�^1`��m.m��<mÆz|GY�PYVS|. tÆo!Cp}�^'��Pl4��
6 ��`)�U�`%wDB��_;�� [74] �LS;(Æl2W�[fU����x�i�i�7Gb++tÆ�U���A�6[�_�g�{�gqY},Æb�Æ|KQ�i7G!#r$��i�g�$�_b�Æ8-KQ�i�dZ_b!+�RÆ�r8-3_t>2i#l!`M$��X^�Lf|��lÆ��8-�$�_,;�%�ÆX^8-pif|��lÆ8-�$�_,?Æ%�)�X^$�v7xQn��_v7Æ��n��i8-)bUrÆo!�_s)&�^�i)&�^�#u_b�|KQ�i�_b (\℄7G�#&#L�APÆ
�=j�) !�u��l�X^�i�_b. -{Æ[f�^�|�ufl���lÆo!{8-t����Æj#n��_Æ4��_fE�!{�i�_b. GwvÆ.X =j (major merger) Æ[f�^|�uItF-��lÆ!A�^�08�8-|<FGw�Q�!|Æt[�n��_ (star burst) Æz(4��_s=^�^�i2b76bÆ#u}+.�ÆR�^Q2-Fj_Æ,_��L5d_=j~lt7G��^Æz_�^K!!> (inside-out) �_ÆQ!pi�0'�Æ9giWPb?�L6��^'��!z,_�^�#u_b �(=jglt7G (interaction) Æz|�i�_b|{8-t�^����!�#n��_ [58,75,76] Æo!|Æ�^����^4℄Æ��^'�F�	��Q=p/k�^�=jglt7G.�p/F�X�ÆQ2oz?�y�76~g<�Æ=p/�^�pi��^'��.gB:.�p/�^=� Moth g Elston [9] �<sa�nW�� 32 ?�p/�^ (0.5 < z < 1.2) g 20 ?=p/�^ (2.0 < z < 3.5) ��^'�Æ#g�p/�^�^'��-J	F ∆(UV218 − U300)/∆lg R = −0.091 ± 0.007 Æ!=p/�^-J�^'�F ∆(UV218 −U300)/∆lg R = 0.272± 0.007 Æo!&�sz,<��
7 �/$iuC,L^5�(hsÆR�^�^'���<-r�tF-ÆR�^�pi6��^'�Æ��^�(!9�q�!��4℄�z )�KQÆR�^K!!>��__b{4i9tbpi�0'��!3_�^'�g�^�,Jl�lSS^��<Æ�^��l���i�^��_g#u_b�6smt�7G��O�^��^'��,?
P^��R, (de Vaucouleurs 1961 &?#gs�^!pi
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The Research Progress in the Color Gradients of Spiral Galaxies
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100039, China; 3. Key Laboratory for Astrophysics, Shanghai 200234, China)

Abstract: The color gradient of spiral galaxy freezes its fossil information of the star formation

history along the disk and therefore provides a strong constraint on the models of disk formation

and evolution. In this paper we review the recent progress of the research on color gradients

of spiral galaxies, including the observational results, the explanation of color gradients and the

evolvement of the color gradients. In addition, we list the observational factors which influence

the measurement of color gradients.

Most of spiral galaxies show negative color gradients, i.e. the color is gradually bluer outwards.

Either the bulge or disk components of spiral galaxies has negative color gradient. The color

gradients of disk components are independent of the concentration parameter, which implies that

the bulge may not strongly affect the formation and evolution of the disk component. There is

also no significant correlation between disk color gradients and the size of galaxies, but bigger

galaxies tend to have smaller scatters of the color gradients. The color gradients are weakly

dependent on the absolute magnitude, this weak correlation suggests that the stellar mass may

not be an important ingredient in regulating the inside-out growth of galactic disk. There is

an intrinsic correlation between the color gradients and surface brightness, with lower surface

brightness galaxies having steeper color gradients. This result indicates the mass surface density

may play an important role in the formation and evolution of galactic disk, which gives a strong

observational constraint on the model.

The color gradients of spiral galaxies were found to be mainly caused by stellar population

gradients, with inner region having higher metallicity and older stellar population than the outer

part. The dust extinction only plays a minor role in regulating the color gradients of spiral

galaxies.�
Key words: spiral galaxy; color gradient; radiation


