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1 �����
1923V�9wx/w6{GIyg5!��d=��N�_���d=�I-5G�1936V{G [1] sp!�ih.d=Wk�
�<��N��o!z�{G�
r%v�d=�Akih�%�<d= (E) ��ad= (S0) �t4d= (S) �ItRd= (Irr)4 �
�kvt4d=�W1�%g~ (6%) t4d= (S) �%td= (SB) �
�1959 V�de Vaucouleurs [2].{G�
r%"!����*�℄��Nb��
=�v�6%t4d=1% SA ��3%td= SB N.!�1KdihR/b�`j:�d=R1% SAB �E��3�L r A<d=v,�Kd�� s A<6�Kd�1� rs A<d=v��KdIfG<�� 1785 V wx/w6 ���_3D�!�
W��=Jg����;.��=Kd�5W~g�^, 200 0V��8�N 20 ?4 50 V�jr���=
k/�%B
W6%Kd�g~t4d=�E/� %t4d=v� Sb ! Sc(! Sbc) g�\n.��=v�d�mu�kW��;��"�A5��d=_%Aq�
+/kW`s/��=R�67kIv
��=��5�b
�3��d=�z��%I��.+/f� (�)�|) �+ro�[.e
A (��A) IA�1�b<U�d2Yp#QpD}z��� Y7VS�2008-07-22 � oBVS�2008-10-24CIlP�x7��}z$T��SN (10778003, 10773020)



� 2 j ^t ��	>S��&Le 117�r! Baade vb
Z�x����?pkW.��=��Kd�8�lt�~gZ���6T%��7qP''�!��F,�kWH,�
20 ?4 60 V�� Rougoor �� [3,4] �' 21 cm '�kW�#5G�+/�boC 3 kpcs�
}t8 (biBa,� 3 kpc 8
) f� 53 km· s−1 �dU℄'A��bI"�*��N�b�A�*
}t8R� 135 km · s−1 �dU℄'�U�I"�b�}t8.%��e%^\8� 1964 V� de Vaucouleurs [5] IyG�'��=vb�>|.e��A (*�N%Kd) �OD"N�}^\8�I"�Z�b.8� [6] ��basp�d=�
7���=!M/ SAB(rs)bc gd=��+B��=vt8n,0zl��NIf�o��Kd�Evvlx (H I) mun,><I"p
�Iz�by>|.e9) (.e�^Jg�“field model”) N�4E7,�lx/P�g>j	��;_yU/' Oort �℄'Jg (ejection model) [7] �OD�,�kW�5�
1967 V� Kerr [8] ^k 21 cm � 18 cm �F,�'�kW�#�o1!��=vb��8t�L�Esp��'�NKy%Kd�Jg�OD"N 3 kpc � 135 km· s−1 t8�kWp
� 1975 V� Peters [9] Nb��1Jgv��!%
Kd�Æ"�{1H��OD!+��=R� 4 kpc(*�bo 2 kpc) :$v�^ - (EU) ℄' (l - v) �a�p� H I ��Lp
�kv)	 3 kpc � 135 km· s−1 t8� 1980 V� Liszt � Burton [10] �`$AG�"N��=R�v�%Kd3��=�|�u"`Fg 24◦ G� 1991 V� Blitz � Spergel [11] ���'! H I � 21 cm '�kW�) 2.4 µm Z��kW�#���N��=R��N�l'�%Kd�Ih� Weinberg [12] �) Long �� [13] . Blitz � Spergel �K1\�W
N�hj�Weinberg [12] �' AGB d�p�KyB��d%�$a|C% 5 kpc �N.f��bUd�+rG% −36◦ ± 10◦ �N Long �� [13] �Jgv�%�?a% 2.5 kpc �1|5C%

5:1 �+/%KdBE�N.��=Kd�"�w�����=R�d�ig����3tn,z
��� 20 ?4 90 V����,j��=%Kd�kW~g�Bg%��=xu8��
Wz
��)6�R�()0yÆd�kW ()	�:kW) ��1Jg~g [14∼20] �N 20 ?4 90 V�v�i� 21 ?4o� Gerhard [21∼23] .()��="�w���=%Kd3t�~g"!0y℄Q1.H%�A�dN�Nb^dNv Gerhard G�np�0ykWgkAG���=R��5�N��℄�"�%Kd���=!/u
%%td=�1��=�7"�b
z
;�9�;.k��8�Yx_j5.R;�*��N 1998 V#�Æd=x/w� (Galactic Astronomy) 
Lv� Binney � Merrifield [24] ~z.'��Z���kW�#��:���� !N��=R�,%Kd�N��5��w���V�k
 20?4 90 V��vi��;��B�g
7���=B
W%td=�ZV���;.��=%�k`�qVz/�B,W<A� (1) �'Q�_0�t�_��akW�#�pDB�:kW�#��)P'
^a�<7��� %�KdRQ�I"w
h��%��U�l'�Z�)�"℄'� [25∼28]; (2) �'QmJU�!_GD��
� �Jg����ODZykWKy�EW1.��=�|��[R��"�w
h"p8���),��7%.��=���#Q [29∼31]; (3) kg%RO�℄AKd��%KdRO�d���N_Zl'��y%
� [27,32,33] ��Z� Beaton �� [34] �A�:!a�kW�#�g5�o��=�Z�lt4d=
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M31(*�I�DYd=) �B
W%td=�kR�Kd3��=f%N[�152".DYd= M31 R�%Kd�o1pU�, 50 V��8 [35∼37] �D�D0�kW�5AG�d=v%Kd��NB
yHg>�GX�� Eskridge ��~z H F,�kW�5GN 186 Wt4d=v� 56% ,GF�%Kd�*� 16% AG%,�%Kd�i�C 2/3 ��2d=�/��%%td=��?%td=aZ�5�56%t4d=_U [79] �
2 �
?'Mf�mY�e+/�|N��=jR��|"�kW`oTQ�.O^T8&��=8t�L�a,�<�> (tracer) 
��:I�kg��=�ZyKdg� (��[��|�t8�%�t��) ����V�b
<�>��B+/��=R��mu����BKy
D��d (���}ld� AGB d) ��;~zkW��:
;�'�F'�Z��A�'�L��dQ>'�L)I"w
h��kW��=R��%Kd�
2.1 T^2x5p (l - v) `8&<�>I"w
h� (l - v) ��BPi'�~g��=R�BE�N%Kd�
y,'�`n�b� l B>��b�^� v B>��bEU℄'�
;%B�kW���y/Wx�R�8t%|.e�L�*I�N%Kd�R^k Oort �1���AOZ (�( b ≈ 0)�mu:!P���=vb$<I"�1 l � v j:,�B�Z[j=�

v = (ω − ω⊙)R⊙ sin l , (1);v R⊙ %f��bo� ω⊙ � ω �DBf��<�>�<I"G℄'� ω ��Z�q/>��bo R �1�`R3>��bo r ��^ l ,j�
R2 = R2

⊙ + r2 − 2rR⊙ cos l . (2)�kWx�R�N>|.e�8t�Lih (�%) �Rmu���=vb$><I"�b4kW (l - v) �:In,; (1) �fE�Qi;��w�~z. (l - v) ��PA�:�E�'d="�wJg�pDBkv��%9) [38] ��;:�\-��=R�BE�N%Kd�\nE7,kW
�d%!,�d%�N�kIgk�
	~%Kd�Jg3kWQkT_��NI�:�:I�i�5"�N%
8t�L��P'/kW��=%Kd�<�>�B���b<UOZvlx (H I) � 21 cm '�F'� de Vaucouleurs [5] 	�
��=R�� H I muhGKy><I"�1v,�3%td=vakW
�><I"dU℄'N
[�pl�Ekw�%��=�TB
W%td=�
1970—1980V:�I&x/w6 [9,10,39∼41] *'%
Kd℄.���$'��OD��=vb,qE\o:$Rmu�I"p
�*
y�'/kW%Kd�<�>�B��=R�d2mu�
��j (CO)2.6 mm '�F'�PN 1980 V Liszt � Burton [10] i�np���=�� H I � CO �I"w
h���'Kyy`�%
Kd�OD� 1991 V� Binney �� [42] ~z. |l| ≤ 10◦ � |b| ≤ 0.5◦



� 2 R ^t ��	>S��&Le 119�x�R� H I � CO mud�PA�"�wJg�E.,j� (l - v) �"!,���:�W
Ng5! Liszt � Burton �K1�
2.2 AbO0<./��=��Kd�kW���|x
5�?pkW,'�0�bB�%N��F,d�Yp�#QA7,N�?pO6}z� 1982 V� Mitsumoto �� [43] �'m|kW��! 2.4 µm F,���=�����T�1b;akW
���F',��O���d�
Blitz � Spergel [11] �' Mitsumoto ���kW�#�℄
!N��=vb��N�d%�kIgk�Nb;�Jgv��|%AG%
y�.
��| (?� 1) �+/%zZf��
* (Z*) +/�b��%?v��
XKR�iN.�^ l < 0 �EL�V��^ l > 0�EL3%a|NFs��bo5HZ�kkW\!B%Z*�A�'!P5%�A*s
(?� 2) �Blitz � Spergel fB^k��=R���A�'�by>.e�L�^zAq� ��:����!%Kd��N�IV�w�NW
N�:!I��^�I��(x�R��F'�\���b;�_���<7���p%3��AEI+/�

A"�1B`FgC 7◦ �G�N l < 0 4%�a|+/ b > 0 �6 [11] �

� 1 ��	>Le=�� [11] � 2 �,�'twÆ�&Le=�� [11]w
�!�'(��%��C�}�~ 3 Y�=j�7>�n�WH(N�����C>owK$v���W� g�9u�)|w
W��C=[�g�u���℄q LSR �K$=W
 lM'mZa�K�FM=W

1989V�9wga5'!�:'/5~-`F'kW� COBE-d�COBE,
RkW.�e%�=4��-`5� (Diffuse Infrared Background Experiment, DIRBE) 
�M�B
N 1.25 � 2.2 � 3.5 � 4.9 µm �Z��F,"$�G�=.�|xkW� 1994 V�Weiland�� [44] �' DIRBE sb�Z��Wp�#�5G�|��A�'�LBI.e��{1g5! Blitz � Spergel �"NK1�E�p�d%�a+|j5C% 0.6 �
�%E7,5G%3��A`F�gk� 1995V�~z. DIRBE Wp�#�PA�:�Dwek�� [16] �p%��|j5% 1: 0.33(±0.11) : 0.23(±0.08) �kv%a|<U3�bEL<U�5G (*+rG) % 20◦ ± 10◦ �1%a|N.��A�yGnk�I�bz 2◦ �
^�
`$�W
Ng5!"NK1�Nj`$�R?/I [45,46] � Gerhard [23] .
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2.3 �n~dX}w��} (red clump) d>(/�d�2��r-"<
W:$I���6R�
;5,��AA.'��rd_��1.'R5,��p'��rd��{�d��G'�v���}ds/���}
%J,�3s/
[��J,�U
�h (HB) dN5���}d�SM'HU1t�5HZ�~gAG�b
�d�p'3k�w�g�V'%Z�6j�
;�p'�LHV�p'�Q,
WGF�Dm� I F,
sr.d�% MI = −0.28 mag �= '% σ ≈ 0.2 [48] �+/n,�"pl���}d�
sp'sb!
yN���?Æ�p�b
?oxu�A�'/W 
^Zo��d=�p'o��

1994V�Stanek�� [14]IC�'��}d�kW��=�|�Kd�kW�#�� Udal-

ski���
Re%�pw���a5� (Optical Gravitational Lensing Experiment, OGLE)
�ai.� [49] �b;{ OGLE .��� 13 W 15
′

× 15
′ E^��x�A%IZ 1 
<'v�C 5×105 {�d�kW�#�N8WE^v5G,,q{��}d�"N 13 WE^v�,

9 Ws/ Baade vR�k�#'/��}d�p' ?�*� 4 WE^Z, 2 W+/�b<U�V l ≈ ±5◦ ��<�'/~g�|�Kd��A5H�5G�+/�b<U�V���}d�Ed�N\ (0.37± 0.025) mag �VG
;,�I���bo� Stanek �� [14] �%�b
kW�5��'��=�|n,�|Kd�*%Kd����8�OD�%�a|3�bEL<U�5GIbz 45◦ �%zZf��
*�^ l > 0 �
1997 V��'{ OGLE �# 7×105 {�dvag�p���}d� Stanek �� [50] .%�Kd$!_%,��~g�b;5G%�+rGN 20◦∼30◦ j:�1�|Kd%�|5% 3.5 : 1.5 : 1 ��Z� Rattenbury �� [51] �' OGLE-II �#v���}d�
%�+rGN 24◦∼37◦ j:�|5% 10 : 4 : 3 �_�kW�#NQ��t�"�sU�
^w`�W
N�'��}d�ko��=R��AKd [52,53] �,jR�EN�/8�dN�r��}d��kb
^pK
D��d���'�$%kW��=%Kd�<�>�� AGB d�Z;G;d��
1992 V� Weinberg [12] Iy�'BZldh (AGB) d$%<�>�kW��=R��%Kd�N�2�" AGB +/�ldh (RGB) "<�v�u"3 RGB N
k� AGB dBv�t� (0.4∼10 .f�t�) �d^ RGB � HB J,�����i℄8 (Nbj�w
�d�^zkd
dHJ,1�x��%!�d)�kvb�,
Wj – ������$B
W}
%~[�Weinberg { IRAS �>A (Point Source Catalog)v��
 �}A|v!s/

|b| < 3◦ x�:$R� 3 000 0W AGB d$%�:'�2�b^,s'"5'��� OH/IRdn,>`� �
s�p' (C 8×103L⊙) �k?Æ`\VC% 1×103L⊙ ��1�'$?Æ�p�� 
;�p'o���' AGB d$%<�>�Weinberg [12] �p�K1B�N��=R��NKy�d%�%�$a|C% 5 kpc �k+rG% −36◦ ± 10◦ �M�A<%a|�Z*+/�b�^ l > 0 �x�R�3kb<�>a�p�,j�d%�KyN
q��
4i�Whitelock� Catchpole [54] �'��=��� Mirag;d$%%Kd�<�>���p!
[�K1�



� 2 j ^t ��	>S��&Le 121�
2004 V�Wray ��{ OGLE 5A� 20 0�{��=�|;dv�℄p 1.5 �0{�ld;d�^k�T\k�b;N 33 WE^x�v��! 5 0000{a, OGLE-A gZ;G�ld�b^;d I F,Ed��:$N.HZ�s<^= V% 0.44 mag ��1�'$?Æ�p�^zPA��:� Wray �� [55] 5Gb
 OGLE-A gZ;G�ld�
s I F,Ed�_�^1;�{ l = +8◦ s� I = 11.82 mag �T�
 l = −5◦ s� I = 12.07 mag �kwb;�%N��=R��N%Kd�1b
;d:+/��=%R�

2.4 �nDZ� Kapteyn �C�l`$ [56] ����d.Q7/s;'�kg��=v�d�L�Kd�
B��%��=R��N}z�d2Yp��?pF,��d.Q7i1\!�_���|xkW�(F'��=.�sU��;u:�'��>.Q�ko��=����d�L�kv)	%Kd��'�d.Q7kg%KdBE�N�"2:�f%;���yN��=R��N%Kd�v%3�bEL<U`F�O6.s/I��^x��ENKW� �Ed�:$R��d��dQ>'�_��^�;"1AG,=�l�;��o
D����%Jg�E3kW�#WkU��:��� %�a'�+rG�
1994 V� Hammersley �� [15] Iy�' TMGS(Two-Micron Galactic Survey) �#kW��=�Rt8�%�b;np�./��=R�Kd�~g�+��F,��l'�d.Q7�+AWp�
�A�'����NHn���_℄��Ky�
<A��d.Q7��\p��AOZ�I��^+r"jOZx�R�d�d��L�p'�Q�\,jJg�Hs�kWCP�*
<A�\nA�'�a\p�oBH�l'"�
s+��.Jg�CP
��0�
b
�#��'�~g��=Kd��e�T�^k"N�+�Hammersley�� [15] ~z�d.Q7�pK1�N��=R��NKy%Kd�%�+rGC% 75◦± 5◦ �$a|% 3.7∼4 kpc�b;�%N%Z*��dig�R�N{0>`G���t�Vwd�{1OD!�^ l = 27◦ OZA�'�L�Dm�N 2000 V�
R`$v� Hammersley �� [57] .~z�d.Q�).�d�� CM ��PA�:��
��=%Kd�+rGC% 43◦ ± 7◦ �1$a|C% 4 kpc �b;��%���=�TB
W,T%Kd�t4d=�
2003 VX7S (Spizer) �:���Aaga5'�
%,�kg��=%Kdsb!>`,'�kW�#�NX7S�|w.�v�,
Re% GLIMPSE(Galactic Legacy Infrared

Mid-Plane Survey Extraordinaire), GLIMPSE �>Asb! 10◦ ≤ |l| ≤ 65◦ � |b| ≤ 1◦(�x�A%C% 220 
<') :$RC 3 000�Wv��>�kWF,% 3.6 � 4.5 � 5.8 � 8.0 µm ��=.�/ 2
′′ � 2005 V� Benjamin �� [25] �' GLIMPSE �>A�~z.Q7� �d��^��(�d��L�b;��xK1B���=vb�N}
�%Kd�%�$a'%

(4.4±0.5) kpc �%�+rG% 44◦ ± 10◦ ��V� Churchwell �� [58] .,j`$"!;
�dN�
2.5 
tM_Jmu2uv��=R�
W�d+xu��k�kI"Z��p�3A<*
xu+/ (!>`IZ)�
EL<U"�+w℄.����aGXe%!���a�!���a\!�kWAXB9
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,H+�4:R/%T��
	�ad`�A<�d�EL<U�!���a\!*kY1�1A<xu:�L
:,��'�!���aGX�pGB
yZS.�A�P
�A�5.S.~`'p,�A<�*A<xuN��4�3���Xi��R�S.� 1991V� Paczyński [59] U^k
 �Jg�h^pN Baade v<U"���=Rg~[d.�|�d�!���ap,C% τ = 4× 10−7 �!`VN��\ 4��N8 2.5× 106{�|�dv��pG
y�'p&T� 0.3 mag �!���a�A�w�� Paczyński ��p!���a�ApG�js4: t0 3�adt��
<^gf5�./ 0.1 ∼ 1.0M⊙ t�:$��ad�V�4? t0 % 1 di
 1 WE�NIB��,VR�
^x/w6 [60∼62] ."!
[��1~g�a�pp,% τ = (0.5 ∼ 1) × 10−6 �
1994 V�~z. OGLE .�aW��!���a�A��:� Udalski �� [63] Iyh.pN Baade v (l = 1◦, b = −4◦) �&Z 2 WE^ (±5◦, −4◦) <U"���=�|�d�!���ap, τ = (3.3 ± 1.2) × 10−6 �b
Q�GFbz"N�18im�.w� Kiraga �

Paczyński [61] 3 Giudice �� [62] �`$�%�"N\��Tl�/N�1Jgv9)!�|B
W|.et�u1IB%�
b;.wE7,$W
N�,�o1�Ih�Paczyński�� [64] OD!5Wp,��1p,:�\��b;�%a5G��axu
�TB��=%Kdv�g~�d�1%�a|<U
�f��*
<A�"N�1JgvoB;��) NkWx�R$%�ad�[d!{~`��"�nQ�L�E7,x,%Kd�N��T#Q��1p,�8im:Z/5Wm�NIB�� 2VR�Zhao�� [65] 3 Zhao� Mao [66] .��=%�!���a\!"!_%,��o1�N Zhao���Jgv���!
Wt�% 2×1010M⊙ �%�E�pkp,% τ = (2.2±0.45)×10−6[65] �
Zhao � Mao [66] W
No1!p,3%�t��dU0
�+rG�|?a�)<fl
(boxyness) ���\j:�j=�ZV���'!���a\!kg��=%Kd�~gfNI-,��� Popowski�� [67] � Sumi �� [68] �`$�
2.6 �nx5p��=R�d
�:℄'�L��.t-���'8�;�|℄'�|�DN�℄'�| 3 }�|�a'~`BI���N,^z�v�pG�| 2 }�|�a'N��b4�|�|��%t��|�.e�|�|��d
�℄'�|AG%9i�|.e4|t��|�VGb
�d�N�+|�=�l�"��℄'�|B
W>|.e��|�|u�RAGd
v,H0��d�
��|�a|I"�*d
�I"�Na,�a|��`)<U
�.e�1K�`\ (vertex deviation) 
�℄'�|�nui
�
�q/#Qd
I"�jO��^�*d
asx��8t�L�̂ k"N:���;~z.��=R��dI"w
h��:��kgP�6��dBdgt��|
�4|�|��Ba}i��|�| —— %
Kd�

1994 V� Zhao�� [69] ICuW!.��=���d�I"w~g�b;��2d
B+/ Baade v<U� 62 {�| K gld�
;%���k�EU℄'�SM'�#��%Ii�b^�d��bo�N+�k�^%uU℄'4�do�
-P'Z[m 8.0 kpc �Nb
62 {�2�dv� Zhao���SM'�Z$!�
�kv [Fe/H]≤ −0.2� 15 {du
%b



� 2 j ^t ��	>S��&Le 123�SMd� 39 { [Fe/H]≥ 0 �%NSMd�b;5G�bSM�2�d�℄'�|�|% (σ1,

σ2, σ3) = ((154, 77, 83) ± 25) km/s �NSMdR, (σ1, σ2, σ3) = ((126, 89, 65) ± 13) km/s �kwb;�%�N��=R��N�
+NSMddg��|%Kd�1K�`\G (vertex

angle �*EL<U3�|a|<U:�5G) % lv = −65◦ ± 9◦ �1bSMd�1K�`\GV% lv = 25◦ ± 14◦ �
2007 V� Soto �� [28] �'_��2��|�d"!
[�~g�Nb;��d�2v�,+/ Baadev<U 315{����k�EU℄'�SM'kW�#� K� M gld�kv [Fe/H]> −0.5 �NSMd, 238 {� [Fe/H]< −0.5 �bSMd% 77 {� Soto �� [28]5G�NSMd�2�1K�`\BF��N��`\G% lv = −34◦ ± 7◦ �bSMd�2�N!m% lv = 32◦ ± 13◦ �x,
kv�?Æ`\�b;�%a�p� lv BIF���iMr�v�>/�'��2dQEI
0�.J
�kkW℄'�Ks�+�dI"w�#�kg��=���%KdoT�pKy l�VG�P�\p%�KdRQ� ��K1�,j��=%KdkW��8WW��RG/I [21∼23,70]�

3 #4lYqd��=R��%Kd��'�TKdRQ�DN�kv�
B%�$a|a' a ���|�|5 a : b : c �{kWG'�v�*
Wz
RQB%a|3�b<U�5G�*a,+rG φ �w���,%��"℄' Ωp ��)>|.e%���AO�3|.e��A�s'j5� [46] �K/_G�2[VK/\p,j a � a : b : c � φ �
^�
W Ky�
3.1 (2F8.ZA 1  (!{I�kWÆd��'I�<�>a� �,j��=�d%KdRQ�
^�
Ky�kvO�Q�:I��Rx/I [21]�~`�%��|a'Bn
;�?a�Av�,��
�|5�Bn%KdN��A"�#�i�a+|j5�{A%Qk��vp�+��AWp��dWp,���H%�e�%KdRQ�1+�dI"w
h$*T�p%�KdRQ�*
<A�I�~g`+I�<�>a���%KdRQEI��
q�kvpDB+rG�W mN\-��k\m:$�� 20◦ ∼ 75◦ �
3.2 \|F8g℄

1995 V�Wozniac �� [73] ~z. 36 W[
d=� BV RI Wp�5Gkv� 22 Wd=n,0z�|Kd�)	 13 WT%d=� 3 W�%d=� 1996 V� Friedli �� [74] ."N
13 Wd=Wk! JHK Wp�^z�:��%kv, 7 WT%d=� 3 W�%d=�*� 3Wn,kbi;�LMKd��5"�{ 1979 Vl�;�^	�
![
d=R�b
LM�AKd (�R?/I [74] v�,jdN) �kpZV��I-,Nj�~g`$5A (R?/I [75∼77]) �O6���=R�BE�,w
�LMAKdQ�+/�;+s��=jR�.b
3t�kgF�
5��d=_8�P�

2000 V� Hammersley �� [57] ~z.��AOZ�Tx��Z�� CM ���d.Q



� 124 �������y�0�x�X�X������� 27 p�- 1 r>h)3G9/[nZ�f >�� φ/(◦) a/kpc a : b : c Ty2J 6CXB��CZr o~�$ > 0 > 1.8 [11] 1991

COBE > 0 1:0.6:? [44] 1994

COBE 20±10 2.2 1:0.33:0.23 [16] 1995�fZr ���f < 45 > 1 [14] 1994���f 20∼ 30 ∼0.9 3.5:1.5:1 [50] 1997���f 24∼37 10:4:3 [51] 2007

AGB f 36±10 ∼5 3:2:? [12] 1992

Mira h<f 45 ∼1.5 4:1:1 [54] 1992�f0S IRAS � > 0 [71] 1991

TMGS �f 75±5 3.7∼ 4 [15] 19946Z�f 43±7 4 [57] 2000

GLIMPSE � 44±10 4.4±0.5 [25] 2005#��

 OGLE ≤ 20 ≥3:1:? [64] 1994

MACHO, OGLE ≤20 ≥3:1:? [66] 1996�fK$z �~ K hmf [69] 1994

K � M hmf [28] 2007ow (l − v) 
 H I, CO ∼2 [10] 1980

H I � 16 ∼2.2 [42] 1994

H I 35 ∼3 4:1:? [72] 1996Ky��:�IyspN��=R�,�T�N6w&���W%Kd�kv�
%Kd (�%) �$a|% 4 kpc �N
�R��,
Wl'V%,"E\o��|�| —— y%�Iz� Hammersley ��E7,\p>`G��K1l�?�
2001 V� Alard [32] �' |b| < 10◦ � |l| < 15◦ x�:$R� 2MASS �# (C, 3 000 �{�d) �~z�d.Qd��dQ>'�L��bIC	�
�2�dN��A"��#Q>'0
�u"J{nQ�L�v�NKy%Kd (?� 3(a)) �IB��N5W>'mv�r�1nQ�L>'m��
a,�/1>' (U\) 
�1N/1>'��L�"GFhGp
yHZ�y%Kd�kl'$dIbz 2◦ �v�U3�%F�I� (?� 3(b)) �
2005 V� Nishiyama �� [53] PA�:!��}d���Ed� K _�^ l �;��5Gby;�AG%Ky>|.el�1v K - l �"kW��L�`.E7,:x*j%`Q�N |l| ≤ 4◦ ∼ 5◦ :$RGF;�H%
i�kwb;�%N�%�vb��N*
WZl'�y%�\n
�lt$IfG���V� Babusiaux � Gilmore [78] �'��2��}d�,'Z��Wp��p!%Kd�+rG�$a|a'�5GN��=R��T��N� 2 WKdg��
E7,kW
,y%�N�G�gk��Z� Cabrera-Lavers�� [52] ���}d$%<�>��4.�' 2MASS �#Wk�d.Q��kg��=R��Kd�b;5GN�bo 4 kpc :$R�N�yF�I���l'�|Kd�N��AOZ (|b| < 2◦) ,
Wa1A��d%�%�+rG% 43◦± 1.8◦ �?UVC% 100 pc �1N |b| ≤ 7.5◦ �x�R,
W�|�|�+rG% 12.6◦ ± 3.2◦ �k?Ub
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Wa1A��d%iBy%�
|b| > 3.5◦ � |l| < 10◦ x�R��d%M/�| (�%) g;�1N 20◦ < l < 28◦ � |b| ≤ 0.5◦�x�RR�y%�xu%� [52] �

� 3 (a) �	>S�	3�e�$BR?(�AM�/0 |b| > 2◦ �y��O l > 0tBH&?(>�maV� (b) 02?(�AM��z&?/fm�aV4�m(�&�{�O9 [32] 	Æ&�&�_��&�&�)�
��H��J��(	��= (�)��d=) v%Kd��N��)%Kd�nuz� (�KdRQ) �.Njxu8�w~gn,z
���%Bd=RO�s���Æ">�
��N�#Q
d=v�[��|�p�8tL�Kdg��%��TBd=ai����
�">j
��Qgd2mu�R+I"��9d=��OZ�d�+5;ig (d+) �E�qd=v9\C'dUr'5.;� [80∼82] ��j�\n%B+/d=R��
yKd��1
.{RO�\�kgd=�ig���*%z
�1bfB�;ja�.��=�d=�%KduW0<AkW~g�:��N�Z2,VR�,j��=%Kd~g�WWf%GF���=B
W%td=������
pU�,
^z
3t$*
���Oq����BEp
.%
�|�[R�%Kd8����!`VBEp
.��=RI�V'�I�SM'g;�D8�o1�Z
<�> ()	mu�Z��F'���}ld�Z���d.Q� IRAS>�!���a�)N0�i'"8&!��=v�t��L�TE�'"�wJgf�8�G�kW
��|v�d�I"w
h��)aW��!���aNjs4:"��L�N��=R�BE�5�NT%!`-p_%LM�Kd�b
=%z
3t�&p�;Wk_,��~g�.Kej�
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[50] Stanek K Z, Udalski A, Szymański M et al . ApJ, 1997, 477: 163

[51] Rattenbury N J, Mao S, Suma T et al . MNRAS, 2007, 378: 1064

[52] Cabrera-Lavers A, Hammersley P L, González-Fernández C et al . A&A, 2007, 465: 825
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Barlike Structure in the Inner Galaxy

ZHAO Jun-liang

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: The presence of a large scale bar in the inner Galaxy has been well established by

various tracers since 1990s, such as near infrared radiation (NIR) light, red clump giants, AGB

stars and IRAS sources, and by different methods, such as kinematics of Galactic Center gas,

bulge surface brightness, NIR star counts and kinematics of stars. Therefore, our Milky Way

should be morphologically catalogued as a barred spiral galaxy instead of a normal spiral one.

In earlier years the(l, v) diagrams of the 21cm emission of neutral hydrogen and/or the 2.6

mm emission of CO were used to detect the bar-like structure in the inner Galaxy. Based on the
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noncircular radial motions seen in the HI in the inner region of our Galaxy, de Vaucouleurs first

suggested the Galaxy is likely to be a barred spiral. Because of the presence of a triaxial bar,

the(l, v) diagram in the inner Galaxy differs remarkably from what it would be if the gas was all

on circular orbits in an axisymmetric potential.

All-sky surveys in the infrared bands are powerful tools for exploring the structure at the

Galactic center since the dust absorption is greatly reduced in the IR. In 1991, the first direct

evidence for a triaxial stellar bar at the galactic center was detected in the 2.4 µm. Since the bar

is oriented obliquely to the Sun-Galactic center line, for stars at the closer end of the bar their

heliocentric distances should be smaller relatively to stars at the farther end, and hence their

surface brightness should be relatively brighter. In this respect, the low angular resolution maps

of the Galactic bulge at infrared bands obtained by COBE have provided very useful observational

data.

The bulge red clump stars can be used as quite good tracers to investigate the barlike

structure in the inner Galaxy. From the distribution in the CM diagram of red clump stars and

stellar evolution theory it is expected that these stars are relatively bright and have a narrow

luminosity distribution, so they can be adopted as a standard candle to estimate their distances.

Observations show that the visual magnitudes of such kind of stars in the fields with positive

Galactic longitudes are significantly brighter than those with negative longitudes. This means

that there is a triaxial structure, or a bar in the center, which is inclined to the Sun-center line.

Another approach for studies of the Galactic bar is star counts. The principle of the

approach is simple: if there is a bar in the inner Galaxy which is tilted to the Sun-center line,

the star number density in the region of the longitude l should be systematically increased or

decreased with l changing. Based on star number density distribution from the TMGS, the

presence of the barlike structure in the inner Galaxy is confirmed, the length and the position

angle of the bar are estimated.

Since 1990s, the microlensing effect has been used to explore the barlike structure in the

inner Galaxy. Information about the mass distribution in the inner Galaxy such as a bar can

be drawn from the microlensing probability (optical depth) towards the Galactic center. It has

been found that the optical depth deduced from observed microlensing events is obviously larger

than that of expected, which can be well interpreted by a barlike structure. The position angle

and the axis ratio of the bar can be estimated by detailed analyses of the differences between the

observed and expected optical depths.

Finally, some main results of the structure parameters of the triaxial bar determined from

various methods by authors are listed, and the possible double-barred structure in the inner

Galaxy is briefly described.

Key words: Milky Way Galaxy; spiral; barred spiral; barlike structure; bulge


