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1 ����faj\v2 (2006)[1] },8/��j?|K+�\$�r��v��4�+�X��_u56>K+hfrXr�+�E� L ��\$� 12+lg(O/H)r�+ (t=~�E� L-Z n
M -Z �+ÆM �Kv) �\KN"roOeV�7�\$�U6>K+hfdrr 2 5o+w>BeÆ 9�
}PNr\Kl��|rN"Æ
9�
\K*hfOQRXGX �|vK+�Z�h.r�|�j�V�: 2 5Be*<��[[L4rw>vo�E�r�+ÆUV�K+R\KPNOQr��Æ�j�<�OeK+R\KV�\N"rQrOQz;XrrB;�H���r
1},*q[h"2Æmqj�X+
v�n&oK+hn+ HII 'vX
K+�|rE�−�\$��+rCDhl�6 Zaritsky v2 (1994)[2] �w7Ur&ruCa~:	Æ6 SDSS(Sloan Digital Sky Survey)[3] � 2dFGRS(Two Degree Field

Galaxy Redshift Survey)[4] � KISS(KPNO International Spectroscopic Survey)[5,6] v�jg��/CD�^rz0v�9�CDZ�r�2Æ2�}mq#M#�rRv^x (0.4 < z < 1)v0^x (6 z > 2 r Lyman Break Galaxies, LBGs) K+rE�−�\$��+rCD��� %�#"�2005-07-12 � 4�#"�2006-04-17��0!�L~m0<_p�ia;
 (10403006 � 10433010 � 10573022 � 10333060 � 10521001)



� 1 � bk℄�w�L,�℄%�sd2#3 (II): F� – �℄%�A, 23�MÆ�V�K+rE�V�\$�j^xrhfz;j~uZhl�+�r~ 2 � 3 8"7��j&oK+rE[ B 9�Æv&^
 J � H � K 9�rE���\$��+rCD�M�~ 4 8�r��j&oK+rOe−�\$��+r
1"2�~ 5 8��jRv^xv0^xK+r7�
1�MÆu{jK+rE�−�\$��+j^xrhf�~ 6 87W�{�2��
�K+rE��mA�r�[[�O��Æ0�7WE�−�\$��+RLÆu�96��mA�r�[[Ba���KvDE+�Æh?":xA� Johnson +�Ælt�uCA� AB +� (6 Liang v2 (2004)[7,8] � Lilly v2 (2003)[9]) �� AB +�� Johnson +�r
j (6 BAB = B − 0.17) =B� Lilly v2 (1995)[10] r�8��<�
1�M"Q.�LÆTrJup7�r�[[�Ov7�rKv+��aj\v2 (2006)[1] }
pÆ=~��W��M?|K+r�\$�Æ<���qpr$�H<*7�Æ�R.�<�K+rE�−�\$��+LÆ8~���\$�Jup7�r�4���iTrb�rUÆ.�<�^xK+rE�−�\$��+LÆTr�Kv"Q K .BÆ�CDprMl<�^xK+r<��A9�r��Jhp7�r�'�Hoggv2 (2002)[11] 7Wj K .Bro+��V|h�Q�
2 �G^:��(qM-t MB-Z B-K+rE� (Oe)−�\$��+=x�u5�/rs<M�mK+rhfOQ�K+rE�Oe)−�\$��+rzWQ� Lequeux v2 (1979)[12] �uC<I.vOL��K+r
1Æ�3jo�rOe��\$�E�f*B7��;xpDeK+ (�����K+:nr+�) �^[Oef*<-�RÆj
r:x�Uu{ B 9�8�Kv��\$�r�+� Skillman v2 (1989)[13] v Richer V McCall (1995)[14] 1
�℄j<I.K+r MB-Z�+�j
Æ7�
1*L2pY"K+ [2,15,16] ÆFK��K+ [17] �i�uC:x
1jK%UK+ [18] � UV[19] v�A6 [5,6] ZrK+r MB–Z �+�w7U	 ruCa~:	Æ6 2dF � KISS � SDSS vÆz;jhn+&oK+rE� (Oe)− �\$��+rCDhl [3,4,20−24] �:C
1�M6�ÆKv��!* 10 mag ��\$���!* 2 dex 
rK+rE� (Oe) V�\$�E�f*u�7�RÆ�#:W7�R�h.VPr$� [25,26] �
<I.K+pY"K+Æ)p��K+r�5Q;WmrK+963Wu�Q�r L-Z 7�R [27,28] �:Y#�Ju{�\KPNl�rK+Æ0�o+��6rL�dWvK+SOmWuCK+r lg(O/H) � MB r7�<R�
2.1 �}
:2,

Skillman v2 (1989)[13] Dq 7 5�<I.K+R 20 5 H II 'r O/H $�HÆ8qpo�r MB-Z �+�
12 + lg (O/H) = −0.153MB + 5.50. (1)n+rKvV�\$���"7� −19.0 < MB < −10.5V 7.2 < 12 + lg(O/H) < 8.4 ��$�rDeÆ�u?"n+UA��k�� Te ��Æh�aUA� R23 ���
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Richer V McCall (1995)[14] qW 21 5�<I.K+rE�−�\$��+Æ�� −19 <

MB < −15 vrn+K+�WWu56R�+�
12 + lg (O/H) = −0.147(±0.029)MB + 5.67(±0.48). (2):� Skillman v2 (1989)[13] qpr�+[7f��n+K+r O/H $�U
�k����DqrÆ��� 7.25 < 12 + lg (O/H) < 8.5 �

Shi v2 (2005)[29] tmqj 72 5OL�K+rE�−�\$�r7��+�n+rKv��� −22 < MB < −13 Æ�\$�� 7.5 < 12 + lg (O/H) < 9.1 �n�Z*r�[[�O�
H0 = 75 km ·s−1· Mpc−1 �
2.2 �5+2,�}
:2,���8z

Kobulnicky V Zaritsky (1999,KZ99) [30] �uC}�6r&oK+a5Æ"JuCY"K+V<I.K+Æo�W� MB-Z �+��Wqpr 12 + lg (O/H) � MB �+rDy�
(−0.144± 0.003) dex · mag−1 ��5n+r��U 7.3 < 12 + lg (O/H) < 9.6 V −22.5 < MB <

−11.5 ÆZ*r�[[BaU H0 = 50 km · s−1 ·Mpc−1 �6MJ;x&oY"K+n+ (*l
ZKH[2] V Kennicutt(1992) [31,32]) Æ�Wqpr MB–Z �+�

12 + lg (O/H) = −0.108(±0.040)MB + 6.637(±0.841)�
2.3 UV 6�2,��� HII 2,

Contini v2 (2002)[19] 7W 68 5 UV ZrK+ (z < 0.4) r�\$�Æ8[��4Rr
HII K+hlÆqWu56R�W�+�

12 + lg (O/H) = −0.173(±0.01)MB + 5.195(±0.177). (3)n+rKv��� −22 < MB < −15, RH� MB = −18.8 Æ�[[�O� H0 = 100 km · s−1 ·

Mpc−1 ��\$�r��hL� 7.7 < 12 + lg(O/H) < 9.0 �n+K+r�\$�UA��4
[33] Rrd"Dr�\$��4�+)
 R23 ?|qpr�
2.4 KISS1��hn+K+a~r:xÆu5!I���tUl/kwr:xUDe	4K+r�\$�Æ8#��
�n+.�hÆkqpu�r�|��� Melbourne V Salzer (2002) [5]qpj 519 5 KISS �A6K+rE�−�\$��+�

12 + lg (O/H) = −0.267(±0.009)MB + 3.60(±0.20). (4)n+K+rKv��U −21 < MB < −12 Æ�\$�r��� 7.5 < 12 + lg (O/H) < 9.4 �8;xK+
?>E�Kvr	9ÆA�>Ey AB = 4.0E(B − V ) Æ.n+K+r MB-Z �+*SB�
12 + lg (O/H) = −0.24(±0.006)MB + 4.059(±0.17). (5)|hRA� H0 = 75 km · s−1 · Mpc−1 �

2.5 KISS2

Salzer v2 (2005)[6] Lhj�4 [5] Rrn+Æqp 765 5 KISS �A6K+rE�−�\$��+ (−21 < MB < −16, A� H0 = 75km · s−1 · Mpc−1) �0�"7mW Salzer v2



� 1 � bk℄�w�L,�℄%�sd2#3 (II): F� – �℄%�A, 25�
(2005)[6] A�d5$��4<R [1,34,35] 8*;xvezK+
?)Yr	9rdW%HqWr�W�M�

12 + lg (O/H) = −0.280MB + 3.319, (EP84�4), (6)

12 + lg (O/H) = −0.222MB + 4.180, (KBG�4), (7)

12 + lg (O/H) = −0.253MB + 3.759, (EP84�4Æ;x
?)Y), (8)

12 + lg (O/H) = −0.200MB + 4.559, (KBG�4Æ;x
?)Y). (9)
d5 O/H $��4�+qWr�MkoL! 0.3 dex rF7��|n+r�\$���!� 7.5 < 12 + lg(O/H) < 9.5 �
2.6 2dFGRS[� 2dFGRS rhlÆ Lamareille v2 (2004)[4] 
1j 6 387 5{^x (z < 0.15) r\KPNK+rE�−�\$��+ÆqW�

12 + lg (O/H) = −0.274(±0.005)M(bj) + 3.45(±0.09). (10)n+rKv��U −22 < M(bj) < −13 Æ�R bj = B − 0.304(B − V ) ��[[�OA��
H0 = 71 km · s−1 · Mpc−1, ΩΛ = 0.73, ΩM = 0.27 �6M;xK+
?>E�Kvr	9Æn+K+rE�−�\$�k�z�rS.�[� 2dFGRS K+Rr rF 9� (rF = R + 0.163(V − R)) DEhlÆ Lamareille v2
(2004) [4] tqpjn+K+r R 9�E�−�\$��+�

12 + lg (O/H) = −0.249(±0.004)M(rF) + 3.72(±0.08). (11)n+K+r�\$�r��hL� 7.3 < 12 + lg (O/H) < 9.2 �<On�UA�vHF� R23r��8A� K99[33] r�4�+M?|K+r�\$�rÆ��U 2dF a~:xR~�"Qve�4�
2.7 SDSSo� SDSS-DR2 rhn+hlÆ Tremonti v2 (2004)[3] �WqW! 53 400 5 z ≈ 0.1 r\KPNK+rE�−�\$��+�

12 + lg (O/H) = −0.185(±0.001)MB) + 5.238(±0.018). (12)Z*r�[[�OU� H0 = 70 km · s−1 · Mpc−1, ΩΛ = 0.7, ΩM = 0.3 ���\$�Uo�
Charlot V Longhetti v2 (2001)[36] rEL�U�O��L�W���A6Æ/
Z*r={">�qpr��\$�rhL��� 8.0 < 12 + lg (O/H) < 9.5 �
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 1 �'pL,sF���℄%�sA, [3]Z<A�W SDSS–DR2 up-N.�" 53 400 6

Tremonti v2 (2004)[3] .�j=_:x7Wr&oK+rE�−�\$�r�+Æ8� SDSS-DR2 rCDhl7.� (�	 1 Æ�Rm�	r4	 Z = 12 + lg(O/H)) �=~:WÆ8h�a SDSS K+U,�\ (12 +

lg (O/H) > 8.5) �0E� (MB < −18 mag) rK+�*:u��
Æ��n:x�6 2dF [4]�
KISS [5,6] �KZ99 [30] v
qWr L–Z �+[7f��+rUÆ*7��\$�ÆUVZrK+.�n
BI�K+h! 2∼3 magÆ6�:C
UV ZrK+=�B*�G["rK%Æ
�Æ{j�OE.��C�<I.K+-NU{�\$��{E�r+�Æ� 2dF V KISS a~m�3r{E�K+[7f�~=7WruC&oK+ro+&TUÆE�#h (Oe#h) rK+u�6�90r�\$�Æ�Y"K+��<I.K+7.L:u&T���2�A�<�r�\$��4�+ [1] vU);xK+
?>EÆ�qWrK+rE�−�\$��+�m<�Æ6R�WrDyvs�t<*7��n/Æ�W�MtVK+n++C��Æ6t5KvrD�U)q~"R[�r�9K+v��[��XMsuCDprK+r�\N"�E�r7�&T�uW�X3�Æ�9�eÆ�K+R��|
f�\KrBy	.�{Æ��*hfOQRGGrX�gl/k.�?�~�W=�r�XUÆ<�Oe�<��\$�rK+R\KmGmt`r IMF <*7��lU
�CDpuC�K+B*l%}PN\K (�MOL��K+) Æ~=dW�X9*zW|!�i�uW�XU?OeK+r�^Ty.�!Æ�hOeK+7.95��J�KGK&��7K}�ORr�\N"Æ:uqNt=~�XCDpr�K+r�\$�y��Mac LowV Ferrara (1999) [37] mxr�'VaH���M96��Oe Mg > 107M⊙ rK+�J%OrBy[{Æ�nK+{��un�Oe (hL7n�u5 MB = −12 mag rK+rOe) LÆK+�k�O1rK+(����\N"rXr?"ÆJu0h?"TrZ��|"70uj\KPN��OKGK)�rK+(m�Jr%OkjgK++COer<��<�Æ.6Æ�K+k���h?"r�\N"Æ�hrY"K+J��[?u?"�

3 NIR :��(qM-t MJ, MH, MK-Z B-&^
9�[>E	9. B 9�?Æ�#9��
W\KN"rOeÆ��U K 9��
�CD�	r5NÆ��K+r&^
9�rE���\$�r�+rCDhl8<��o� 2MASS hlÆ Salzer v2 (2005) [6] mqj! 400 5 KISS K+r J � H � K 9�rKvÆqpjn+K+r MJ, MH, MK-Z �+ (Z* H0 = 75 km · s−1 ·Mpc−1) Æ�M60�



� 1 � bk℄�w�L,�℄%�sd2#3 (II): F� – �℄%�A, 27�
1) nA� EP84 [34] r R23 −O/H �4�+LÆ O/H � MJ, MH, MK r�W�+"7�

12 + lg (O/H) = −0.215MJ + 4.056, (13)

12 + lg (O/H) = −0.215MH + 3.911, (14)

12 + lg (O/H) = −0.212MK + 3.919, (15)

2) nA� KBG [35] �4LÆ"7�
12 + lg (O/H) = −0.200MJ + 4.130, (16)

12 + lg (O/H) = −0.201MH + 3.977, (17)

12 + lg (O/H) = −0.195MK + 4.029, (18).�R (13)−(18) =�ÆK+r MJ, MH, MK ��\$�E�f*gu�r7��+Æ�#Dyj9Jr/���?Æ:=~V�� (K??"=V��) U
�K+
?>Er	9��CDa5r�:jg9Jr/��Æ{Æ6�
?>EN}=t	9gCDhlr�:�
Liang v2 (2006) [38] 0o� SDSS �A6K+r [NII]/[OII] .Hu{j
?>E�K+a5�:rbX	9�t
Æo� 2MASSr K9�CDhlÆLiangv2 (2006) [39] 
 Jansenv2 (2000) [40,41]r&oK+n+r K9�KvÆqpj�MK-Z �+�MK = −9.51×(12+lg(O/H))+60.23�
Saviane v2 (2004,2005) [42,43] 
1ju5?n+r�*K+.K+r H 9�E�V�\$�ÆIWd9E�fdtf*7��+�Lilly v2 (2003) [9] mqju5Rv^xn+K+r
J 9�rE�−�\$��+Æ
�JA�ju5Ia>EH AV = 1 Æ=�kO0?|�CK+r�\$�Æ�����C>EbXrh^
K+ [8] �~= 3 ::x
�n+.�?Æ9~�7W7�r�W<R�oEÆ:C:x6�Æ&^
9�t�nf*E���\$�E�r7��+Æ6�Oe#hrK+Æ��\$�#0�
4 �(qM-tQg−�^&
B-K+rOe−�\$��+=~9G�}6>K+rOe��\N"rQrOQÆ"�6>K+rPNVhfOQ�K+\KN"rOeu�<�G�
E�qpÆ��K+rOE. M/L �K+r\KPNZOv�\$�9��Æ.6ÆK+rE��`XPN\KVO, 1∼2 Ga ��U)�K%�G[�/�u�r��UÆw5�\KPNZOV�\$�r?|qpK+rOE.Æ)
E�?|WK+\KN"rOe [44−46] �3*=~
E[g;M?|K+r M/L, Bell v2 (2003)[47] 7Wj
 SDSS rg;v B − V , B − R g;M?|7�9�OE.r�'<RÆ}*H�A��
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 2 � SDSS L,sPf−�℄%�A, [3]

Tremonti v2 (2004)[3] 
1qpj
53 400 5 SDSS-DR2 \KPNK+r\KOe��\$�r�+ (�	 2) �*
SDSS r ugriz DE+�RÆ z 9� (λ ≈

8 900 Å) r�&&^
9�Æ=
 z9�Kv?|WK+r\KN"Oe�lN}= z 9�rOE.8<UIaÆ2+=�kgp 10 [3] �n�85n+K+*
Dn(4 000)−HδA�+	=r�M [48] qpK+r\KPNdHÆ�K+r\KPNZO7Wu�r5N�)�W Monte

Carlo��r�MqpK+rOE.Æ/
qW\KN"roOe�r
Æn�7Wn+K+rOe−�\$��+r�W<R�
12 + lg (O/H) = −1.492 + 1.847 (lg M∗) − 0.08026 (lg M∗)

2, (19)RRÆM∗ j6K+\KN"rOe�N}rhl��:*�W(6d1Æ��7�rKvÆ
12 + lg(O/H) H">* ± 0.4 dex r��
 (	 2 RIN6U�Y;�Em6SrRH�r�b�:R�WÆt


d�N6"7"R 68% V 95% ra5�) �
�&^
r K 9�Kv[L�r	9� B Kv?[�Æ�#U�\KN" (8!!�hrGG\K) roOe9�G�7�Æm~ K9�E�U?|K+\KN"oOeru5.�TrBe [44,49,50] � Bell v2 (2003) [47] A� 2MASS r K 9�hlXG?|j?" SDSSK+ (Early Data Release, EDR) r\KOeÆ��M� Tremonti v2 (2004) [3] qpr?|H[7f�Hqb�rUÆn.�<�
1�MRrOeLÆ���Jufp7�rVQOeSav7�r�[[�O�
5 �Tx`zx2`zM-tG
 (Qg)−�^&
B-K+rE� (Oe)−�\$��+=~�mK+rhfOQ�u�M
ÆK+r�\$�kjL�k�/� (X!"R�hT�r�V�|
}n�|r
vv) Æl��L4
r\KPNOQ-Nr
L2f8<K"�/�K+rE�j\Kr
LPNOQk�2/�8j
Æ{�jgCDB)VCD�^rz0Æ�K+E�−�\$��+r
1℄
L2pRv^xv0^xK+Æi/�&oK+r=�5n+7.Æ	 CDprRv^xv0^xK+rn+[?Æl4/�
1K+rE�−�\$��+j�[[L4rhfz;jXrrJ*�u5o+r!{UÆ*Rv^xV0^xYÆK+rE�−�\$��+U)�{^xK+7uL�o�	 ��[\KPNOQrV�Æ�[\KPNy��*O,90 (^xv� 1 ~



� 1 � bk℄�w�L,�℄%�sd2#3 (II): F� – �℄%�A, 29� =��IaÆl�:[h) [51−54] Æ��[R�|r�\$�*,�9{�6MK+Rf*9�roL\KPNr�V�|Æ.�-=~��K+*7�r�\$�2q9��h���*E�−�\$��+	=Æ0^xnRv^xrK+n+�-k+�}�U&oK+Æ�
W�[RK+rhfOQ�<OÆ6M�^TvK(�A%Or
�I�OQv4�	9.��2ÆKGK&�k�A\KPNvf[/$OQÆ.K+rE�−�\$��+�-��[[L4$��
5.1 ���−�&���,�Rv^xK+rE�−�\$��+r
1Æ&�M*qj[h"2�[�:x9�3ÆRv^xK+rE���\$�E��nf*u�r7��+��&oK+7.Æ*7�E�LÆRv^xK+r�\$��{��*7�OeLÆ�E��0�\6Æ Liang v2 (2004) [8] mqj 20 �5 0.4 < z < 1 rh^
K+r MB-Z �+Æ�3:Cq�rh^
K+.7�E�r&oK+r�\$�!{u Æy lg(O/H) !{� 0.3 dex �Maier v2
(2004) [55] mqj 15 5 0.4 < z < 0.9 rK+r MB-Z �+Æ Maier v2 (2005) [56] v Maierv2 (2006) [57] t"7Dqj 30 5 0.47 < z < 0.92 rK+ (� Lilly v2 (2003) [9] r?"n+rXG
1) V 5 5 z ≈ 1.4 r\KPNK+r MB-Z �+Æ�Mt6�Æ�{^xK+7.Æ:CRv^xK+63WuWhfB�Æ��\$�u�.7�E�r{^xK+9{� Kobulnicky v2 (2003) [58] Dq Deep Groth Strip Survey (DGSS) R 64 5Rv^xK+rE�−�\$��+Æ6	 3 mS�n��3Æ* z ≈ 0.6 ∼ 0.82 ��
rn+K+.&o


 3 �=�_y��ÆsL,sF�−�℄%�A, [58]

(a) �)rN.p- [31,32,40,41] � (b) �a{+ 0.2∼0.4 ���up-N.� (c) a{��W 0.4∼0.6 �
(d) a{��W 0.6∼0.8 �v>�ZuNe��3a{u LBGs [61,62]



� 30 �����������\�#�3������� 25 7�rHK+ (z < 0.1, *l�4 [31,32,40,41]) h! 2.4 mag Æ�*7�E�Æ:CK+.&oK+r�\$�{! 0.15 dex (40%) � Kobulnicky V Kewley (2004) [59] tDqj GOODS 'HR 204 5�A6K+r MB-Z �+Æ�3* −21.5 < MB < −18.5 ��
rK+Æ^x

z = 1 p z = 0 Æ� O/H $�/� 28%(! 0.14 dex) �<O Kobulnicky v2 (2003,2004) [58,59]r:xUo��A6rvHF�Æ��U$���E�"Qve�4Æ:=�k-Nu�r�F [39] �	 3(b) R=~/� 4 5�=r��"76SuC%VOQ ([G==6SK+r8WvK%Æb�=�6S~\�r\KPNyPN\KÆ[G=06S_e2�vb�=u6S��\%Or
}) oLK+rE�V�\$�r2f�*K+rhfOQRÆ6M<;x�V�|r
}ÆK+�|r�\$�k℄
H0�t�uC:x3�ÆRv^xK+rE�−�\$��+�&oK+F7<h�6Æ
KZ99 [30] �3 14 5^x� 0.1 < z < 0.5 r�A6K+r MB-Z �+�&orY"K+V<I.K+mt`r�+uLÆ Liang v2 (2004) [7] 
1r 16 5 z ≈ 0.2 r Canada-

France Redshift Survey (CFRS) �A6K+r L-Z �+t�&oK+7uL�-N:u[?F7r��Eu=�U:Cn+K+r^xH8<[0Æ�&�{^xK+ (6 SDSSr z ≈ 0.1) �Lilly v2 (2003) [9] v CarolloV Lilly (2001) [60] 3��uC CFRS n+K+r
MB-Z �+�&oK+[7fÆ-N:u[?F7!I=�r��U
�$�?|K+rL�>EÆ
19Z*jIa>E AV = 1 Æ=�
`kO{?| [O II] �A6rveÆO0?|K+r�\$�Æ�����CL�>EbXrh^
K+ (* Lilly rn+R!7
1/3) Æ=�k0? 12 + lg(O/H) ! 0.3 dex (50%) �	 4 7Wju5Rv^x (0.4 < z < 1) h^
K+n+rE�−�\$��+Æ*l
Liang v2 (2004) [8] �	 3 7.Æ:Ch^
K+rE�90Æu��=�U+C3Z*j0E�K+n+Ætu��Æ�=�U:C ISO Zrq�rh^
K+-NUhOe+�


 4 �Sw_yi_ÆL,�|_yL,sF�−�℄%�A, [8]

(Franceschiniv2 (2003) [61] t�3Rv^xh^
K+rOe� 1011 M⊙)#B*�GK%Æ~[0r\KPNy
(SFR ≈ 50 M⊙ ·a−1)PN\K [53] �i/:un+C#rKv��.�1Æ<��E�9{rK+_WP3W$(rRv^xYK+rE�−�\$��+Ælu5�-r�MU��&oK+7.Æ:CRv^xK+r�\$��2{�7�Oer&oK+r�\$�Æ!{� 0.3 dex �	 4 R� 2
 PEGASE2 f[hfQW|hWrK+rf[vE�hf [58] �A�rU
'/��OÆj6oOe� 1011 M⊙rK++�rhf�N6VU6"7j6
}L4� 5 Ga V 1 Ga r�O�



� 1 � bk℄�w�L,�℄%�sd2#3 (II): F� – �℄%�A, 31�:Cf[hf�Ov �mu{r*�	 3(b) Rr��m�_rOQ96�Æ
^x z ≈ 0.7p3 rhfOQRÆ:CK+r�\N"℄
/�Ægp&oK+r�\$�Æ6|r%VOQkUhOe\KrKGK&�� W-R KrK(%O�Av AGB KrK(OekJv�
LBGs(z ≈ 3) U0^x�[Rr\KPNK+� Pettini v2 (2001, Pelo) [62] 
1j 5 5

LBGs rE�−�\$��+Æ Kobulnicky V Koo (2000,KK00) [63] 
1j 2 5 z > 2 0^xK+rE�V�\$�Æ	 3(d) RrKd�7Wj:C LBGs m*r�Mv��\$�r<-�R��M6�Æ:C z ≈ 3 r LBGs �2�U&oK+VRv^xK+rE�−�\$��+ÆyP;xp$�r<-�RÆ LBGs r O/H $�4/{�7�E�r&oK+r$�H�=�r�XU�5�\$�−E��+*0^xY�{^xYf*�UÆt=�6�
LBGs rOE.�&oBIK+7.�29{ÆU.&o HII '9�tÆr\k [62] �=_�M6�Æ*Rv^x�[RK+rE�V�\$�E��nf*gu�r7��+ÆyE��{rK+r�\$�t7��{Æ0^xK+r7�hl�?Æ~�2SW�2r&T�u5l/r!{UÆK+rE�−�\$��+U)kjL�hf�Kobulnickyv2 (2003) [58] �	 3A�juWG�r�X�:C�A6K+k,Zu�rE�hfÆ

z ≈ 0.8 p3 �[ÆK+rE�hf!� ∆MB = 1∼3 mag Æ�
 z ≈ 3 p3 �[Æ!�
∆MB = 3∼4 mag�tuW�XUÆn7�E�Æz ≈ 0.8Yr�A6K+r�\$�.	 rK+{Æ!�
9r 1/2 �	 3(d) i6�Æ� z ≈ 0.6∼0.8rn+K+�&oK+7.ÆE�9{rK+ (MB > −19) �&on+r�U9hÆ�0E�rK+ (MB ≈ −22 mag) �&oK+.��&� Kobulnicky V Kewley(2004) [59] /�juC z=0.8∼1.0 rK+ÆtqW7fr�{�� L-Z �+rDyj^xrhf=���g*Rv^x�[RÆ},PNuChOe�,�\rK+Æ:��K+PNr “downsizing”�O [64] z;u�rDSÆ`�O^r3�ÆhOeK+1PNÆ*.��rLbÆ^rU^x z < 1 ~MÆ�[Rr\KPN^ruR*{E�K+R�<OÆ�[�:x [44,65,66] �^xv� 1 ~MhOeK+rXrrOeQrOQz;jC5Æ*u�Q�=DSj�[PNr “hierachical”(℄zN�) �O [67] �	 3 i6�Æ^x* 0.2∼0.6 ��
rK+r L-Z �+Dy8~�63W�&oK+�2r<�ÆN}=Æ	 4 R�\$��&�&oK+rRv^xK+�a[?Æ�nK+r�\$��2{�7&E�r&oK+r$�H�0^xK+r�\$�t�2{�&oK+�#�iTr9�rCDhlM.�<�^xYK+rE�−�\$��+Æ
�qW9$(r	<�${K+rE�−�\$��+rDyU)j^x2fÆ�u�U?�r�Rv^xv0^xK+r�\$��2{�7�E�r&oK+r�\$�Æ^x* 0.4 < z < 1 ��
rK+u�.&oK+r�\$�{! 28% [59] � 40%[58] n 50% [8] �*j
rhfOQRÆ:CK+�kWN7�.\r�\N"�
5.2 �?�−�&���,��Rv^xv0^xK+rOe−�\$��+rCDhl8<[��r&Æ Liangv2 (2006) [39] mqj 34 5Rv^x (z ≈ 0.65) K+r7�hl� Savaglio v2 (2005) [46] tmqj 69 5Rv^x (z ≈ 0.7) K+rOe−�\$��+��M96�Æ*7�OeLÆ:CRv^xK+.&oK+r�\$�9{Æ� lg(O/H) =�! 0.4 dex [39] � Shapley v2
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(2003) [68] �O&^
E�Dq 7 5 2.1 < z < 2.5 r\KPNK+r [N II]/H�6.Æ)A��4 [69,70] Rr�4�+qp��\$���Fig;6�:C Ks h (Ks ≤ 20.0) rn+K+h�},PNjKO 1011M⊙ r\KOe�*7�OeÆ:C z ≈ 2.3 rK+�g.&oK


 5 �Sw_y�1_yL,�'p SDSS L, (��) sPf−�℄%�A, [39]

+9{r�\$� (! 0.7 dex
�	 56�j0^xVRv^xK+�&oK+r�UÆ2SjK+rOe−�\$��+j^xr�2rhfÆ:C0^xVRv^xrK+k*j
rhfOQRWN�7n?"r�\N"�K+rOe−�\$��+rDyU)j^xhf4U5�{��4 [46]R	 13mSÆuCRv^x (z ≈ 0.7) K+rOeV�\$��uC SDSS r&oK+[uLÆyRv^xY},PNju�rhOe,�\K+�<On�r:Cn+K+h�U*l�4 [9] Æ=�O0?|j�CK+r�\$� (
�Z*jkuIar>ESB AV=1Æ� 5.1�)�	 5 R 3 �N6t=~.�WV}6SRv^xv0^xK+�&oK+r�U��R��Æ6M<;xDyr2fÆG��hOer&o SDSS K+r�\$�"7Æ{! 0.4 dexV 0.7

dex Æt�>.�T}�XRv^x z ≈ 0.65V0^x z ≈ 3 rK+rOe – �\$��+rCD�M��nÆ${Dyj^xhf�)Æ�u�U?�rÆy:CRv^xV0^xK+r�\$��2{�7�Oer&oK+Æo��*j
rhfOQRWN:C�\N"�9�rCDhl��_�9D}V�:u!{�
6 ��|�5�+��_jK+rE�−�\$��+VOe−�\$��+rrG
1"2Æ"J&oK+�Rv^x (0.4 < z < 1) v0^x (z > 2) K+rCD�M��M6�ÆK+rE���\$�E�f*g�2r7�Æu�UE�#0 (Oe#h) Æ.�\$�#0Æw7UY"K+��K+7.L:u&T!I�2Æ6�:CK+�g<�r\KPNZO�Rv^xv0^xK+rE���\$��+�2�U&oK+r�MÆ*7�rE� (nOe) Æ�
lg (O/H) .&oK+"7{! 0.4 dex V 0.7 dex Æe�:C90^xYrK+Tr*j
rhfOQRWN�7n?"r�\N"�jg#M#�rhB0�0"3yCDB)r�7P�Æw7U���9�CDB)r�7(QÆ0�kz;#M#$,rCDhlÆ�D7
1K+rPN�hfz;9�U"r�	�>1 �VI/FE42zWV���Hr��ÆP�8�=9�WVÆ
59�$,Æ��C?"r�_9�f-�!I/Fp=wPIVG�rj/'
vzWr$K��V���



� 1 � bk℄�w�L,�℄%�sd2#3 (II): F� – �℄%�A, 33�~�).�
[1] 
l^� Hammer F, zX��y�� _%6� 2006, 4: 335.

[2] Zaritsky D, Kennicutt R C, Huchra J P. ApJ, 1994, 420: 87.(ZKH)

[3] Tremonti C A, Heckman T M, Kauffmann G, et al. ApJ, 2004, 613: 898.(SDSS)

[4] Lamareille F, Mouhcine M, Contini T, et al. MNRAS, 2004, 350: 396. (2dF)

[5] Melbourne J, Salzer J J. AJ, 2002, 123: 2302. (KISS1)

[6] Salzer J J, Lee J C, Melbourne J, et al. ApJ, 2005, 624: 661. (KISS2)

[7] Liang Y C, Hammer F, Flores H, et al. A&A, 2004, 417: 905.

[8] Liang Y C, Hammer F, Flores H, et al. A&A, 2004, 423: 867.

[9] Lilly S J, Carollo C M, Stockton A N. ApJ, 2003, 597: 730.

[10] Lilly S J, Le Fevre O, Crampton D, et al. ApJ, 1995, 455: 50.

[11] Hogg D W, Baldry I K, Blanton M R, et al. 2002, astro-ph/0210394.

[12] Lequeux J, Peimbert M, Rayo J F, et al. A&A, 1979, 80: 155.

[13] Skillman E D, Kennicutt R C Jr, Hodge P W. ApJ, 1989, 347: 875.

[14] Richer M G, McCall M L. ApJ, 1995, 445: 642.

[15] Garnett D R, Shields G A. ApJ, 1987, 317: 82.

[16] Vila-Costas M B, Edmunds M G. MNRAS, 1992, 259: 121.

[17] Brodie J P, Huchra J P. ApJ, 1991, 379: 157.

[18] Coziol R, Doyon R, Demers S. MNRAS, 2001, 325: 1081.

[19] Contini T, Treyer M A, Sullivan M, et al. MNRAS, 2002 330: 75.

[20] Telles E, Terlevich R. MNRAS, 1997, 286: 183.

[21] Garnett D R, Shields G A, Skillman E D, et al. ApJ, 1997, 489: 63.

[22] Hidalgo-Gamez A M � Olofsson K. A&A, 1998, 334: 45.

[23] Pilyugin L S, Ferrini F. A&A, 2000, 354: 874.

[24] Lee J C, Salzer J J, Melbourne J. ApJ, 2004, 616: 752.

[25] Vilchez J M. AJ, 1995, 110: 1090.

[26] Mateo M L. ARA&A, 1998, 36, 435.

[27] Garnett D R. ApJ, 2002, 581: 1019.

[28] Pilyugin L S, Vı́lchez J M, Contini T. A&A, 2004, 425: 849.

[29] Shi F, Kong X, Li C, et al. A&A, 2005, 437: 849.

[30] Kobulnicky H A, Zaritsky D. ApJ, 1999, 511: 118. (KZ99)

[31] Kennicutt R C Jr. ApJS, 1992, 79: 255. (K92)

[32] Kennicutt R C Jr. ApJ, 1992, 388: 310. (K92)

[33] Kobulnicky H A, Kennicutt R C Jr, Pizagno J L. ApJ, 1999, 514: 544. (K99)

[34] Edmunds M G, Pagel B E J. MNRAS, 1984, 211: 507. (EP84)

[35] Kennicutt R C Jr, Bresolin F, Garnett D R. ApJ, 2003, 591: 801.

[36] Charlot S, Longhetti M. MNRAS, 2001, 323: 887.

[37] Mac Low M, Ferrarae A. ApJ, 1999, 513: 142.

[38] Liang Y C, Yin S Y, Hammer F, et al. APJ, 2006, 652: 257.

[39] Liang Y C, Hammer F, Flores H. A&A, 2006, 447: 113.

[40] Jansen R A, Franx M, Fabricant D, et al. ApJS, 2000, 126: 271.

[41] Jansen R A, Fabricant D, Franx M, et al. ApJS, 2000, 126: 331.

[42] Saviane I, Riegerbauer R, Held E V, et al. IAU. Sym.217, 2004, 200.

[43] Saviane I, Held E V, Ivanov V, et al. IAU Coll. 198, 2005, 202.

[44] Hammer F, Flores H, Elbaz D, et al. A&A, 2005, 430: 115.

[45] Glazebrook K, Abraham R G, McCarthy P J, et al. Nature, 2004, 430: 181.

[46] Savaglio S, Glazebrook K, Le Borgne D, et al. ApJ, 2005, 635: 260.



� 34 �����������\�#�3������� 25 7�
[47] Bell E F, McIntosh D H, Katz N, et al. ApJS, 2003, 149: 289.

[48] Kauffmann G, Heckman T M, White S D M. MNRAS, 2003, 341: 33.

[49] Charlot S. The next generation space telescope. 34th Liege Astrophysics Coll., Noordwijk: ESA SP-429,

1998: 135.

[50] Bell E F, de Jong R S. MNRAS, 2000, 312: 497.

[51] Madau P, Ferguson H C, Dickinson M E, et al. MNRAS, 1996, 283: 1388.

[52] Lilly S J, Le Fevre O, Hammer F, et al. ApJ, 1996, 460: L1.

[53] Flores H, Hammer F, Thuan T X, et al. ApJ, 1999, 517: 148.

[54] Hopkin A M. ApJ, 2004, 615: 209.

[55] Maier C, Meisenheimer K, Hippelein H. A&A, 2004, 418: 475.

[56] Maier C, Lilly S J, Carollo M, et al. ApJ, 2005, 634: 849 .

[57] Maier C, Lilly S J, Carollo M, et al. ApJ, 2006, 639: 858.

[58] Kobulnicky H A, Willmer C N A, Phillips A C, et al. ApJ, 2003, 599: 1006.

[59] Kobulnicky H A, Kewley L J. ApJ, 2004, 617: 240.

[60] Carollo C M, Lilly S J. ApJ, 2001, 548: 153. (CL01)

[61] Franceschini A, Berta S, Rigopoulou D, et al. A&A, 2003, 403: 501.

[62] Pettini M, Shapley A E, Steidel C C, et al. ApJ, 2001, 554: 981. (Pe01)

[63] Kobulnicky H A, Koo D C. ApJ, 2000, 545: 712. (KK00)

[64] Cowie L L, Songaila A, Hu E M, et al. AJ, 1996, 112: 839.

[65] Drory N, Bender R, Feulner G, et al. ApJ, 2004, 608: 742.

[66] Drory N, Salvato M, Gabasch A, et al. ApJ, 2005, 619: L131.

[67] Kauffmann G, Colberg J M, Diaferio A, et al. MNRAS, 1999, 307: 529.

[68] Sharply A E, Erb D K, Pettini M, et al. ApJ, 2004, 612: 108.

[69] Pettini M, Pagel B E J. MNRAS, 2004, 348: L59.

[70] Denicolo G, Terlevich R, Terlevich E. MNRAS, 2002, 330: 69.

The Methods and Study Progress about Estimating Metallicities

of Galaxies(II): Luminosity−Metallicity Relation

LIANG Yan-chun 1, HAMMER Francois 2, DENG Li-cai 1, ZHAO Gang 1

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. GEPI, Obser-

vatoire de Paris-Meudon, 92195 Meudon, France)

Abstract: The luminosity-metallicity (L-Z) relation ( stellar mass-metallicity, mass-Z, relation)

is one of the fundamental parameters of galaxies, and can trace the assembly history of metals and

stellar masses in the galaxies.We review the study progress about the L-Z and mass-Z relations

of galaxies,including the local, the intermediate-z (0.4 < z < 1) and the high-z (z > 2) galaxies.

Since the observations extend to a wide cosmic time scale,this can help to undertand and the

evolutionary process of the L-Z relations of galaxies, hence to understand the whole evolutionary

scenario of galaxies.

In Sect.2, we introduce the relations between B band absolute magnitudes and metallicities

(MB-Z) of nearby galaxies, including the irregular, the spiral galaxies, the UV-selected and nearby

HII galaxies, the KISS sample, the 2dFGRS sample, and the SDSS galaxies. We present some of

the important formulas of such relations.In Sect. 3, we present the study about the relationship
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between near-infrared J, H, K band absolute magnitudes and metallicities of nearby galaxies.

The majority is the result of 400 KISS galaxies obtained from 2MASS. We also mention the

MK-Z relations of a small sample of distant luminous infrared galaxies. In Sect.4, we specially

introduce the relations between stellar mass and metallicities of nearby star-forming galaxies

derived from the SDSS database. All these results show that the more luminous (massive) galaxies

are more metal-rich generally. The luminosity correlates with metallicity over 10 magnitudes in

luminosity and 2 dex in metallicity, with indication that the relationship may be environmental

and morphology free.

In Sect.5, we introduce the L-Z (mass-Z) relations of the intermediate-z and high-z galaxies.

With the increasing ability of observations, more and more distant galaxies have been obtained

their L-Z (mass-Z) relations, such as the intermediate-z(0.4 < z < 1) luminous infrared galaxies,

the galaxies selected from GOODS, CFRS, DGSS fields, and the high-z(z ≈ 3)LBGs. These

results show that there exists one L-Z (mass-Z) relation in the distant universe, where the less

luminous galaxies may have lower metallicities generally. Especially, comparing the L-Z (mass-Z)

relations of these distant galaxies with those of the local ones, it shows that the distant ones are

more metal-deficient than the local ones at a given luminosity or stellar mass, i.e. the galaxies

with 0.4 < z < 1 are about 0.14−0.4 dex more metal-deficient, and the galaxies with z > 2 are

about 0.56−0.7 dex more metal-deficient relatively. They should produce these important parts

of their metals in the consequent evolutionary process. The conclusions and prospects are given

in Sect.6.

Key words: astrophysics; galaxies; review; metallicities; luminosity(stellar mass)-metallicity

relations


