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1 �Q��:MD�e%D?;V4^\�:0e`$|Z���S 20 /m 60 jZ#+�`Z:P?.:e�W�3��W~MD�e|(�ir0�V0v�jIgXF��3e�(�
1962 j Eggen g� [1] e"0:R�LFMD�%D?;Ve ELS _#�

1983 j� Gilmore ? Reid [2] �Æ�eMf	�eJ AYv[9#Mne�9�qe,�0hU^�	A:A4[?��4>��C�nD��*�q 300 pc e�n?*�q
1300 pceNn�oQ�S�G�ir0�_Fvg	Ze"0t,qFMD�NneTo�Dm �	Ze5�t+\�o�� (04�4) 9� (edge-on)  ��?ToNn|(�/�NneTo??�X �/B?�U0UÆ� [3∼5] �Æo�Nn0q^ueMD� +D�E�#w)y<�j 1 4MD�|(-Hj��j4���W=$"0~0e +J eir0��=v?jIg7A�(Fgk����LF��7Aeo#�?�2�p�NnJ eO�	�*�q 800∼1300 pc ��n*�q 100∼300 pc �NnJ e5irIvX�WZ�nJ � 2003 j Soubiran g� [7]�Æ�NnJ e5irIveX� (σU , σV , σW )= (63± 6, 39± 4, 39± 4)km · s−1 ��nJ e (σU , σV , σW )= (39 ± 2, 20 ± 2, 20 ± 1)km · s−1 �NnJ �MD���e.�Iv�~Z$j�
Iv (LSR) eQS Vlag = (−51± 5) km · s−1 �ojI	Z�NnJ ejIW�WZ 8Gyr ���n�>4j�J �T<��NnJ eADf{J (ADe 2%∼�� O:ML�2005-05-26 � \AML�2005-10-31 � Rb:CEZJ�7o&�)3a��n!�� (10433010) �7o 973 !�� (G1999075406)
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15%�NnJ e�=vv!%�nJ i�_X�qe�p�Wyse ? Gilmore [8] 1995je"0+\�NnJ �=v�pq −1.4 ≤ [Fe/H] ≤ −0.2���4 −0.7��ne�R�pq −0.8 ≤ [Fe/H] ≤ +0.2 ���4 −0.25 �?X.m�q�NnTou�=r (low metallicity

tail) �hTo�=vGieJ � 1999 j� Bonifacio g� [9] 6U Hipparcos u A�kJF�tfzu�=NnJ R/~eir07A��q{�e 3 (=ZNn���IFNnu�=rToe.m�

k 1 �NE�}).Ik [6]Æ��MD�Nne%D9H�X4��UX��e|Z�b�e_#�>XC7�
pre-thin disk (top-down) _#? post-thin disk (bottom-up) _#��	��s7&x� [10] ���D� �X?℄�jI�ae;^�o{+<G;j I {%D%P�XeV0D��LQ45�MD�%D?;V=)e
V$��d95��7J e_Fv�ir07A?jIe�23M�*FdbMD�%D?;Ve�O�S�qu�MD�%D?;V_#X$B��$x�>���j4~MD�NnJ _Fve5��v�X,g�X*F7hx� [11] �
2 �aH�x7�

1993 j Edvardsson g� [12] ~T<H� 189 (J e_Fv�(F5��|8+\��e�=vJ e [α/Fe] X\eX��QW�q�4J %DNKM��CrrDe�Æo���q��X��TFNn?�nJ _Fve�g=K�QSe��"0+\MD�Nn?�nJ M�_Fm�o{Q��_F�?To�g=K�
2.1 α `P

α _F�>d9 α �℄9H%D�W SN II #A� !�7
b l����2J�� α_F*F�1 O � Ne �Mg � Si � S � Ca ? Ti g 7 �_F� O 4℄��M H � He �mv/�e_F�{v~MD�V0;V_#�XV.�>eHJ� 2.2 {v^u��S�
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Ti 4/�e α _F�?4/�e+_F�_ �{%Db�?K�=ve'V3M�S!y�Z α _F�Km�WZ S ? Ne v��fF.:�LQ α _Fvd?	 Mg�Si �
Ca � Ti _Fvev!��

1996 j Gratton g� [13] :RXL� [α/Fe] e=.W�n�NnJ �geV0.D0eP��QS0}X5��&��|P�
Fuhrmann [14∼16] o 1998 j� 2000 j� 2004 je"0��Æ��XNnir0V�eJ e�=v�pq −1.0 ≤ [Fe/H] ≤ −0.3 � [Mg/Fe] ≈ +0.4 � I0'���nJ e�R�pq −0.6 ≤ [Fe/H] ≤ +0.4 � [Mg/Fe] tS +0.2 r�b 0.0 ��=�o�=v�pe −0.6 < [Fe/H] < −0.3 �pg�Nn?�nJ e [Mg/Fe] \0e��X�Aj(J No
9y��pg� Bernkopf g� [17] Z 2001 jd9 Mbol − logTeff j�eJ ;V5e4qJ ejI��q�nJ e/WjIfq 9 Gyr ��NnJ ejIo 12∼14 Gyr �q���|8�IF
 [α/Fe] e=KWNn?�nz|eJ %Dq�rD�e|P�
Prochaska g� [18] 2000 je"0��3�&FNnJ e [α/Fe] �Z�nJ �QW��F 10 ( −1.2 < [Fe/H] < −0.4 e G #NnJ eV0.D��Æ [O/Fe] � [Si/Fe] �

[Ca/Fe] K [Fe/H] eup�r�����7��Æ�4W SN II #A� !�? SN Ia #A� !��qe%q8JrDe� α_F�>W SN II #A� >"��+_F�>W SN Ia#A� >"� �>"Ky��=_FvGi�8�04GX��%DeJ �W�DJ {W4��W�DJ ;^G{����Z 0.1 Gyr ��=k�ZA� �>4 SN II #A� �KS��� SN II #A� %DF�=_F�*F>"X�e8��%D�Dx�eJ ��Dx�eJ ;^x��f 1 Gyr FS�5h�" SN Ia #A� !�1t��>'�+_F�S�>"F [α/Fe] K [Fe/H] eup�r�e�2�qQ� α _Fv#�q4J

k 2 [Mg/Fe] � [Si/Fe] � [Ca/Fe] � [Ti/Fe] \ [Fe/H] f-� [21]-��=\-�qL"�'��=\-QqL"	
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h�NE�OoK!`GÆw6� 65� jIe*��NnJ � [α/Fe] �we|8Hs Nne%D%*�o 1 Gyr F��hNn�J %DI-%q**���b SN Ia A� #+u l�\�
Feltzing g� [19] � Bensby g� [20,21] �q�oMD�NnJ �X SN Ia #A� !�e'� (sj 2) �QWe"0+\�NnJ e�=v�pG/� [Fe/H] o −1.0∼+0.0�q�!Vb +0.4 �o [Fe/H]< −0.4 %�NnJ e [α/Fe]≈ +0.3 � IJq�[�nJ \����o [Fe/H]> −0.4 �NnJ e [α/Fe] �w�[�nJ \?o�~�+>	L��?"06U^Pir07Ae	�4r}=$J P= +�WZ0e +eir07A�2X�qe�p�LQ��	�*h[rD +�7�e�=�Fuhrmann [14∼16] �q>Uir07A|BjI4�( +�7!*'�
Reddy g� [22] Z 2003 j~ 181 (jT�4�X�nir07Ae F�G # �(F5��|8+\� [α/Fe] o�=v −0.7∼+0.0�pgK [Fe/H] wi�up�[ Fulbright [23]

2000j~Nne5�|8�%�Reddy g��Æo [Fe/H]q −0.5e���NnJ e [α/Fe]%�nJ �f 0.15 dex ���IFNnJ e [α/Fe] �Z�ne|P�
2000 j� Chen g� [24] ~ 90 ( F �G # �(F5���Æ�n?NnJ e [α/Fe]UX\0e�_ Prochaska g� [18] 	L��*h4Lq�"0/sJ eX�vvto

5800∼6400 K �q��vX�vviZ 5700 K eNnJ mMom�1&�Nn��4�eJ AD!��Zhang ? Zhao [25] Z 2005j6U7E	�~�gu�=J =$�(5���Æ�n?NnJ e [α/Fe] To=K�
2.2 O `P

O _Fv*F>U"m OH �� [OI] �� (6300 Å? 6363 Å) �OI ��� (7774 Å) ?Mm OH �4q�5�+\�0e7#x�dbe O v0����j4 [OI] ��#�q4j�x��/;ex��LqS<��4�rvI (NLTE) �RS�G��_ [OI] ��G����XXH� Ni �\B (T< [OI]6300 Å�eg�/vq 5.5 mÅ �{� Ni �e\?q
1.4 mÅ) �

2000jGrattong� [26]~F���"0e.:A��(F������Æo [Fe/O]-[O/H]j��[O/H]> −0.5en+J \�DC4��[Fe/O]> −0.25e�nJ ? [Fe/O]< −0.25eNnJ �� [O/H] XGWHve�p�QWv{�7qNn?�n�q9y%yeJ %DNiÆ�w��Cj Bensbyg� [27,21] ~QWeNn?�nJ =$e Ov�(F5� (sj 3)�S [OI]��dbe|8+\�[Fe/H]< 0%�O?{Q α_Fe�0G���[O/Fe]K [Fe/H]eup�r��NnJ %�ne [O/Fe] W�C~��\���NnJ e O _Fv?+ÆLX SN Ia #A� e'�� [Fe/H]> 0 %� [O/Fe] �ÆK [Fe/H] eup�r���[{Q α _F I [α/Fe]= 0 0e�S*hD\ O _F�o SN II #A� !�%%D��{Q α _Fo SN Ia A� !�%?X�D%D�
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k 3 [O/Fe] \ [Fe/H] f-� [21]-��=\-�qL"�'��=\-QqL"	
2.3 Na = Al `P

1997 j McWilliam [28] 	L�S+Æ�% Al ? Na _FG� α _F�V{4 Al �L�Æ0SWb#>�e�#Aq}A��X*hvSW4q α _F�
Bensby g� [20,21] �Æ�o [Al/Fe]-[Fe/H] j� (sj 4) ��n[NnJ ��\�!;Z α _F�D\ Al _F? α _Fe4d�e�t4o SN II #A� !��%D/�2b l���	e�

k 4 [Na/Fe] � [Al/Fe] \ [Fe/H] f-� [21]-��=\-�qL"�'��=\-QqL"	�~ Al _F� Na _Fe�0>�m��� Bensby g� [20] �q�Nn?�nJ e
[Na/Fe] =.0\�X
\B��2�_S4QW!W=$e"0t+\� Na _Fe�0[ α _F���h�nJ e [Na/Fe] %NnJ !W�� [21] �

Gehren g� [29] 2004 je"0+\� NLTE �R~qu�=J e Na ? Al vS�GW�ej� Shi g� [30] 6UQWe NLTE ��_#~ 90 (�=vo −0.9∼+0.4�pge�HJ e Na v�(F����Æ�n?NnJ e [Na/Fe] !y�Z 0 �_o��= � [Na/Fe] XP�#���IA� !�% Na e>DK�=vup���X�qADe Na 4W AGB J >"e�
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2.4 �Sh`Po+_F�����q [Cr/Fe]? [Ni/Fe] y�q 0��Nn?�nJ UX=. [18] �
Bensby g� [21] 2005 je"0?+\� [Cr/Fe] o�4�=v�pgt4T<��Nn?�nJ UX=.�_ [Ni/Fe] ou�=J �K �=vupOXr��oT<�=v�%fVb −0.05 dex ���NnJ e [Ni/Fe] O�Z�nJ �o��=J � [Ni/Fe] \�#�

2000 j Nissen g� [31] ~ 119 ( F ? G #�, e Sc ? Mn v�(F5���Æ Sc _F7E α _F�K�=v�w�up�_ Mn _FK�=v�w�r��ej
Prochaska ? McWilliam [32] 6U�eA�	|(7A~��|8�(F*��|8W4�=$ e [Sc/Fe] `$�4T<��_jTPX [Fe/H] fq −0.6 eJ e Sc vtA�
[Mn/Fe] o [Fe/H] fq −0.6 NX��b'�~Z [Fe/H]< −0.6 eNnJ � [Mn/Fe] fq
−0.3 �~Z −0.8 < [Fe/H] < −0.2 e�nJ � [Mn/Fe] fq −0.1 (sj 5) � Mn _Fv+ÆL[ α _F��e�2D\� SN Ia #A� *h4 Mn _Fe�>4d�

k 5 [Mn/Fe] \ [Fe/H] f-� [11]-�
\-�qL"�'�
\-QqL"�"=\-l,L"	
Zn _Fe%D9H��4�UX��e|Z�SX��*h)����DJ �eS�#�℄9H (s-9H)�SN Ia�SN II#A� !�g!h>"�_F [33] �1991j Snedeng� [34] �Æ�o −3.0 < [Fe/H] < 0.0 �pg [Zn/Fe] fq 0 �_�je"0[��|80��� Prochaska g� [18] 2000 je|84� Zn oNnJ �X�qHveA� [Zn/Fe]fq +0.1 � Mishenina g� [35] Z 2002 j~ 90 (n+J ?k+J 5�St�q�oPX�=v�pg [Zn/Fe] !fq 0 �_�jS Nissen [11] �Hb Mishenina g�eA���

−1.0 < [Fe/H] < −0.5 eNnJ e Zn vA� [Zn/Fe] fq +0.2 � Reddy g� [20∼22]�Æ�o −0.8 < [Fe/H] < +0.1 �pg� [Zn/Fe] OXup�Km��n[NnJ e [Zn/Fe]0e�NnJ !W��� Chen g� [36] 2004 je|84��nJ e [Zn/Fe] K�=ver��ZZup�o [Fe/H]= −0.6 %fVb +0.1 ���=v�po −0.9∼−0.6 eNn



� 68 �������_�y�1���w������� 24 ��J �{ [Zn/Fe] ev!�fq +0.15 dex �5� Zn veKm���>HJoZ{l|vv (condensation temperature) i�Gfl|D+\�0[LqB�e%D�M<�LQ*FU45� �l�\eV0v�-i3R α �9��g (DLAs) ��#�q4o�MDNe ��ge� ^\�Zn�8#�q4+_F�{v[ S _F (α _F�?*Fo DLAs �.:b) v�|B*F�T�MDNeJ %D=)��8 DLAs �e�>J %D9H�"o�W.:be ���f 0.5

Gyr �t*F^y [S/Zn] R�4Ae�
2004 j Nissen g� [37] :DF�tu�=J e Zn ? S _Fev�/[ DLAs �e|8�(F%x�QW�Æu�=J � S _Fv'V�2?o#e α _F���� Zn_Fv`$�7ET<�h [Zn/Fe] fq 0 �_Xe�+\�ou�=n+? [Fe/H]< −2.0ek+J �� Zn X�e�g)A� [Zn/Fe]≈ +0.1 (sj 6) ��=�MD�u�=J e [S/Zn] K [Zn/H] 'Ve�2[o#e [α/Fe] K [Fe/H] 'Ve�2����o DLAs �e

[S/Zn] �UX7EeA�2��D\o �%DeqyJ %DN*h4ie�

k 6 [Zn/Fe] \ [Fe/H] f-� [36]-�
\-�qL"�'�
\-QqL"�"=\-l,L"	
2.5 �eg9B`PPX%+_F�e_Ft4W�#�℄9H%De��#�℄9H�q.9H (r– 9H) ?S9H (s– 9H) �

Eu _F�>d9 r– 9H%D� Arlandini g� [38] 1999 je"0+\�Wf 94% e Eu4dZ r–9H� 6% 4dZ s–9H� 2005j Bensbyg� [21] ~ 102( F �G # e5�|8+\� [Eu/Fe] e'V�2[ [O/Fe] fq�E�NnJ �e [Eu/Fe] o [Fe/H] fq −0.4NX���'��nJ �e [Eu/Fe] K [Fe/H] eupG�w�2���= � [Eu/Fe] ??
[O/Fe] �=�w�WQ*l} Eu _F? O _Fe4d���h!W SN II A� !�P��

Ba _F? Y _F�>d9 s– 9H%D�T<�f 81% e Ba ? 74% e Y 4dZ s– 9H [38] �Bensbyg� [21] 5�+\�Nn��nJ e [Ba/Fe]��\�NnJ e [Ba/Fe]`$� IT<���nJ e [Ba/Fe]S�=v/iN#+GI-��#�2�bVT<�=vSn#+G�w�2� [Y/Fe]e|8[ [Ba/Fe] 7E�_{X�!W�Nn��nJ e��0\�
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h�NE�OoK!`GÆw6� 69�Lq Eu �>d9 r– 9H%D�� Ba �>d9 s– 9H%D�PF Eu ? Ba _Fve%� [Eu/Ba]*FU4r}J _Fv� r–9H? s–9He'�� � Arlandinig� [38]

1999 je"0��8J ��#�℄_F�4dZ r– 9H�t [Eu/Ba]= 0.7�� [Eu/Ba]= 0Z+J � r– 9H? s– 9He%N?T<�e%?�e�
Mashonkina? Gehren [39,40] 2000 j� 2001jFg Mashonkina [41] 2003je"0!&LF NLTE�ReS��dbFGXHJe|8 (sj 7) �Wj*s��nJ ?NnJ \���NnJ ?4�k+J X^P r– 9HP�Xe [Eu/Ba] ����nJ oT<�=v%�{ r– 9H? s– 9He%?7ET<�Km�o [Fe/H] fq −0.5 N�n�NnJ e [Eu/Ba] X�b'�D\Nn%DFS��n%DF�X�%qq���*d��D AGB d9 s– 9H>"�nJ �e Ba _F�MQ�m� Mashonkina g� [41] X�q�NnJ e [Eu/Ba] K�=veup�OX�w��8�=e�24�&e�tD\NnJ e%D%*�a� (f 1.1∼1.6 Gyr) �

k 7 [Eu/Ba] \ [Fe/H] f-� [11]-�
\-�qL"�'�
\-QqL"�"=\-l,L"	
3 �OF�Pp'F`$b�,ZNne%D_#*F4dqF�j� [42] � (1) X4A�CeZSUN� (2) WZ�G<�P~e.IUN� (3)  �/BY4�Gp��*db+�ns|DNn� (4) Nn���y�d�?��dB65�e� ���� (5) �nJ ir02�%DNn�0eeMD�%D_#^9F0ee�n?NnJ eir07A�jI�_Fvge�2�ZSUN_#��voO�	��[XWv�/�Nn?�njIX�p�.IUN_#��voO�	��0[XWv���Nneir07A�v!�=v[�n0e�Nn%DZ �/BY4e�Gp�%�NnJ ejIvWZ�nJ �v�2?R0e�Nn���y�d%�jI?_FvvG\Bj��{�2��ZA%�X����



� 70 �������_�y�1���w������� 24 ��_J #�d�ir02�_#t^9Nnev�2�jI�2[�n���Æ0NnJ �>4j6J ��j4�MD�J ir0�_Fv�jIg	Ze��|Pdbxw)e&��?��Nn��nJ e�=v�2X�p�a�_Fv�20e�NnJ e_Fv�X AGB J ? SN Ia A� !�e'��NnJ UXO�	��evWv�NnJ ejIw)WZ�nJ �PX��.:1&t��FÆXeMD�Nn%D_#�:���n?NnJ v�20ee1&�*FmMPX^9C�n+B-�2e_#�hir02���n���y�d_#�{R�NnJ e_Fv�X SN Ia A� !�'�e.:1&�qFNnJ %DI-%qe���h SN Ia A� !�ue%q�Km� Gilmore g� [43] Z 1995 j�Æ�9MZ 1∼1.5 kpc NUXO�	�evWv��o��*���>4NnJ ���.:1&�IF �/B%D_# (Dm �e.:?+\NneTo[/BÆ��,) ��_#�q��^.:beNn4E�Toe�n +WZ �/B�ir0p�%De�Æ0 �/B_#%x�B.:1&�#�q4/X*heMD�Nn%D_#�_{Q%D_#?X0hn�mM�?�iR �%D (hierarchical galaxy formation) _#?*FoMD��7 ��%DNn�/G;j�7_Fv�2 [44] �
4 �)~�yoX,MD�Nne%Dj�X4���℄��e|Z�{�G�>ebL4.:X0h�LGqe����j4_Fv	Ze"0dbF��|8�?��Æ�n?NnJ e α _F� Al _F�Mn _F?�#�℄_Fe0e'V�2��qu�MD�Nn%D_#X$F.:B��_+>	Le4�ÆXe��|8X0hn�,q�0e"0e|8X0���!U�T��rD��0��ebL�>XC��:�4_Fveq�v�J W�7A�W�_#�b#A�gLFt[�yS�_Fveq�v�~Za�_F NLTE �ReS�?[GW�{R�ÆXe5�W�d9ir07A	�/s=$���*hP�ir0	Ze/s�R�S�S�b|Pe�&)�Km�0e +J eir07A�2To�p�^PSir07A0h�Lqe +�7�LQX&>~MD��N (Mk��n�Nn) eJ �(!W3_e.:5��db{ir0?_Fv�2�F/���MD�e%Dj��~6e LAMOST h�*USvhdbWD (f 107) eMD�J 1x�d91x��*FdbJ evv�8�Iv�_Fvg	ZeA��S�q5�MD�e%D?;VX$.:B��4GUX�
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New Progress in Chemical Abundance of Galactic Thick Disk Stars

WEI Ming-xia, ZHANG Hua-wei, LIU Xiao-wei

(Department of Astronomy, School of Physics, Peking University, Beijing 100871, China)

Abstract: The existence of thick disk in our Galaxy was first revealed by observations in 1980’s,

but how it forms is still unresolved. Recent observations show that the abundance patterns of

α-elements in the thin and thick disk are distinct, and this difference also appear for some other

elements, such as Al, Mn, Zn and neutron-capture elements. A comprehensive study in stellar

elemental abundances, age and kinematics will be able to refine and constrain various models of

Galactic thick disk formation.
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