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<b+�n-2q(>�4�
D0�h�+E�� R⊙ R� (%*�2R��q2R�) ��{5*�!��� 1985 ~ IAU �9Y�I R⊙ = (8.5 ± 1.1) kpc; 1993 ~ Reid 4����:4�R�k�

k�YUR��!-I R⊙ = (8.0 ± 0.5) kpc 
�I�.��:!�u^�MR�
R2X�u^p_V/�oQ��x
>;R 1993 ~:- R⊙ �n1R�k�
�YU|� R⊙ = (7.82 ± 0.16) kpc �� 
 l�&"Y6��E"a��+E��N-|���P156 ��� 26e%��A

1 �H��$�*�D!`)���3 (�*D��)R⊙ jW�D!`jy�:/Nz�1���Q�jÆ1%!X5 �	W9Ih�..Mu�<C�zQ�D!`y%!��3\�ET��Qmx	)�D!`L>o
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Oort [z�4�` R⊙ �x}0d�p���)[z A �d` R⊙ b�0�zxf)L�V\!>�`�3f)�4=�dT��1D!`%!r�NC��8�C;h^L�A[z
H0 ` R⊙ 0jp����z$�=X|�D!`o
)�U��*N\D!`)��A R⊙ = 0 ���=Cj�*D���Q����1j1�*D��\j��Q��j`�%Q�J Shapley ��� '}$ �2008-10-27 � <�$ �2009-04-01�
7��
KM8��;qH;wt (10773020)
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1918 }� Shapley QD=�K%Q� 2.5 m Cm}�Q �G 69 j#��5��>��0�5jD!`�WbJN�=*�m,IBy {E4�{E�a��3�jÆ?i�)oWGN�1N\;W``w�W 90%9L�5N\9;W`H)��"j%#L�Shapley8/���#��5�yb�`-Kb
#1aNF��)��jD!`�)���>H#��5NF��,	13�
�Qh^�m�*=CzD!`�)��D!`)�KbN\;W`Ix�|�t
�N\� Shapley 	j�*3�D!`)���3oH 13 kpc �� 
j�*D��X|�Q�� [1] �0i|Q�� R⊙ ≈ 8.0 kpc oxG 0.6 +�C�� Kapteyn *�(�Ez℄=G��D!`o
�=	j R⊙ = 650 pc [2] ��jz�h7�}��-0W;1q^9�<�HG4�#��5��3� Shapley :QG}℄5��1��`9�1�℄H8E6��E��C;��	��j�5��)�3�z�-�p�\1-\Oy�;a1�%Q Shapley �:/�R,4��*D�� R⊙ ��O1#��5�)�3�Q�\'�i�0C
"��UG(�pt)��F|�1�)�3Q�jÆ�Mu��;��C�z Shapley �t℄)=^W&��L9�S� 1962 }� Fernie *�1 75 j#��5#ONF�(�N\�	j R⊙ = 9.3 kpc [3] � 20 fH 70∼80}|O�Q0�IBQ� R⊙ �t℄\	&9��jÆ?W1��WA�C Harris 	� R⊙ = (8.5± 1.6) kpc [4,5] �; Frenk &

White �	�jÆH R⊙ = (6.2± 0.9) kpc (�pt)) � R⊙ = (7.2± 1.1) kpc (gpt))[6] �WC9,1\��;a�b��s��3~,Q��*�D�� R⊙ �z#��5Ih�
1978 } Sasaki & Ishizawa :Q�0�5�#ONFvz2�(�A�P	IC
iz�	j R⊙ = (9.2 ± 1.3) kpc [7] � 1980 } Surdin *�1#��5pt)#ONF���N\�	� R⊙ = (10.1 ± 0.7) kpc[8] �q>���8�%!�#ONF0.Q,4��*�D��
R⊙ �WCP℄�*�N\%� RR 
5��#ONF,8
�*D���xJNjÆ�H
R⊙ ≈ 8 kpc [9∼14] �C 1975 } Oort & Plaut 	� R⊙ = (8.7 ± 0.6) kpc [9], 1991 } Walker &

Turndrup 	j R⊙ = (8.2 ± 1.0) kpc [10] �Xw� Groenewegn �;:Q�V II }℄5��%� RR 
5�	j R⊙ = (7.94± 0.37± 0.26) kpc (�z��BvZW��HÆ<ZW{��-�H`-ZW{��d,)[15] �q>�W;5Q��0<�1�E�� Mira 5��℄HdP%!,Q��*�D�� R⊙
[16∼19] ��) 2005 } Groenewegn & Blommaert �Q�jÆH

R⊙ = (8.6 ± 0.7) kpc [18] �Lw4� R⊙ �IB��:QdP%! (#��5�%� RR 
5�� Mira 5��) ��)�3�C;t\�3�p1Q��;Cj�1Q����\,��G1{Q\ R⊙ �1Q��dP%!j:QD�`w�~Y�k [20] ��,IB�:/h5j�:Q VLBI DvQ	~Y�k�LÆ�=`k�mx	)�QjÆtÆ0
�9	jk�	)�3�t;4�
R⊙

[21∼23] �mGLwm,IB>��*D�� R⊙ 5 9*�1�Od�3~,L98
�Cm:D!`L>o
 [24∼29] �:Q��5�)=l [30] 9�Æ���s��)�z [31]��Kerr & Lynden-Bell 9� Reid 1��Q94��*D�� R⊙ �m0IB��Q	�jÆ9�IB�ZWk�\G
H1h��w [32,33] �Reid oj�*D���XT{�



� 3 � ��F��+E���:4�R� 231�H R⊙ = (8.0 ± 0.5) kpc [33] �p1ZWoH 6% �z���� IAU Br8X�z�H
R⊙ = 10 kpc (1964 }) � R⊙ = (8.5 ± 1.1) kpc (1985 }) [34] �zXw�ZB}y�ÆFx
�hCm}�#O%Q�QU,�Vf��QGH�zC�'CC/�g�;a 9sz4�1�*D�� R⊙ tÆ93~Q���)$):Q��dP%! (C+5t��)[35∼37] �9��j���1Q�IB (�Qj<(��u"
i)[38,39] �u℄�D!`)�[C�,�>x�5UL��D!`)�KbjD!`�"?�)���j�HG^Qt℄��.��1"?�)�Kbm:rj	!dP%!,!i� Genzel &

Townes *�19,?-�QGH�N\��jL:"dR�k Sgr A∗ �\ +>k IRS16`D!`"?�)��O��3C8℄� 1 pc [40] �Cq�zT�W��*D���V \�
R⊙ *[�j��*�R�k Sgr A∗(9+>k IRS16) O��3�
2 R⊙ 
�3S�4�b4)m0%!�3�IB 9NH�1Q��p1Q�Bx0��P�3��1Q��j�W�=��8;�dQ	%!�3�CVGbmWB	�B��3�V-EmWB	�u"� (	)) �3��;�3p1Q��/'j4�C,%!��3�0��=V�38��w%!8
m%!��3��)w%!��3�r,�8�℄Q�CV}℄5�1��`Q	�)�3Atq0�,-�Lwe�0 Q\�*D�� R⊙ Q�IB�N0�C�zp�t℄)�B)3~s9�.N<aH:/QC (primary measurement)�BiQC
(secondary measurement) �
2.1 �(�HF

Trumpler & Weaver |z 1953 }�8�j [41] �CÆ(�6��x	)�mx	)Zs�
H)�GKg�NF�� 9Vd
{E(�6�	��3 D(9 kpc H�N) �
kDσµx = kDσµy = σνr , (1)
) k = 4.74 �H�N7
CJ� σνr Hmx	)
H) (9 km · s−1 H�N) � σµx � σµyN<Hh|�hLIx�LÆ
H) (�N� mas ·a−1) �` D pK�(�6�	�mW<aH-EmW�kQGF1 C℄� 500 pc �.��1IB�h5Q\sm�%!1�[U 3j���.Q%!.UzmE�z&mo0{�Q��mx	)�Q�{,	 5�z)�1���1,#B,Qj%!�E}LÆ��WUz�z)�1~Y�k��QWC[U��.&�Y�	W1y&���R�WR�z&mo0{�Q��;*��QY�k�nWR�9Æ/N6[ z4Q�k�mx	)�:Q VLBI Dv0{9&g�z)Q�Y�k�N$�LÆ�

1981}�Genzel�;nr:Q VLBIDv�z 22GHz?-LQ	 Orion-KL%(y~Y���p1LÆ�?i��Y��zC/+	�=t;	jb(
��3H (480± 80) pc [42] �C��Genzel�;� Schneps�;:Q,-�h5N<Q	W51%(~Y�k��3H (7±1.5)

kpc � (8.3± 2.5) kpc [43,44] � .℄= 5�D!`u"�o
�A VY�k��38��
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j� R⊙ = (10.8 ± 4.6) kpc �p1ZW�gw 43% [21] �
1988}�Reid�;1 Sgr B2(N)%(~Y�k� VLBI�Q	jk��3H R = (7.1±1.5)

kpc [21] �=�Vbk�.MN$�D��{���^� Sgr B2(N) %(~Y�k`D!`"?�)��O��3C℄� 0.3 pc �C; 8� R⊙ = (7.1 ± 1.5) kpc �,}� Reid �;1 Sgr

B2(M) %(~Y�k��Q�	j R⊙ = (6.5± 1.5) kpc [22] ��-�Gwinn �;r�,-�h5�*�1 W49(N) %(~Y�k��Q	j R⊙ = (8.1 ± 1.1) kpc [23] ��Qz)�t1I�g`Y�k�	!jyW��Lw�*D���Q��`dP%!��)�8��F|�W��j1,�1Q�jÆ�Xw�W;8Q	GD!`)�`w`�gKjy� SiO Y�k�LÆ�C�OM[Q\ R⊙�Q� [45,46] �5UL5vzP1){1 R⊙ tÆ�1Q��3~�zD!`)�`wvzHz09�
OH/IR ��C{m:R�fTQCDvz4Qj OH Y��U�b�~ θ �;*��UmwB,n?R�\O"e8
jpK�n�~ r -�� 9	�� R⊙ = r/θ �aHf) (9b~) �3�C�� van Langevelde & Diamond �t℄:m�V\o��Fn')�JHR℄Q�Mu�WBz4Q	Y�k�yab�~ θ �C;C {*��,IBQ� R⊙

[47] �
2.2 �n��:oGu=

Salim & Gould z 1999 }�j�|��}�	�u"l
IB Q,z4�Q��*D�� R⊙ ��jÆC8o�CGD%!X5o
;z,�`-ZW�Mu [48] ��1IB�:/h5j�CÆW1�(�9FN\D!`)��℄x'C%%℄	�u" (0�\}�`-)!�97��u") �u℄1IhV�n�9Æ/N6 9Q	(��mx	) (n	)) �P1IhsC,8f(�N$�54 9Q	��LÆ (b	)) �^B�Q,l
(��	�u"��,\ 9	�(���*��3�A R⊙ � Salim & Gould 5�Q� R⊙  {w��z)�1(�LÆ�Q���8f\)℄Gt
��� [48] �<C|� 30 a�NQ�R⊙ �p1z) Cw� 0.5%∼2% �	!"(,�\(��	�Nz�
2002 }� Schödel �;?ix'C(� S2 %��T&x�<i	� (w�� 130AU �m�� 1 900AU) 9 Sgr A∗ u"��	�1�oH 15 a [49] �B}� Ghez �;�^=dtG Schödel �;�jÆ�='�G(� S2 �n����>�mx	)Q�jÆ��j S2 j1�'CH 15∼20 M⊙ �}!7���}NC� 1 000 B}���
H O8∼B0 ��a,\5�j� .,	Uz9�mx	)�LÆ�QGH�4 94��*�D�� R⊙

[50] �
2003}�Eisenhauer�;?:Gr�Lwh51 R⊙ �nr�1Q�� [38] �W�(�

S2 �%!QC���GH,L�v� VLT �w+>�Q��)Q�GLkK��`-��Q\O-H 1992.23∼2003.45}�8\ 11 a W℄��a�	j�jÆj R⊙ = (7.94± 0.42)

kpc �`��Q��IB	�� R⊙ �Y 	&���p1z)gw 5% �,\��a5	j�*.LD!`�L>n	)H v⊙ = (220.7 ± 12.7) km · s −1 � Eisenhauer �;5*�1D!`)(�5y 133 �(���Q�r�/Q 2.1 i)�-EmWh5�8
j
R⊙ = (7.2± 0.9) kpc �`LwV S2 �Q�	��jÆY 	&���z)
��Z\�Q



� 3 � ��F��+E���:4�R� 233�\O-y(� S2 	�u"�T��1-8℄��.	�\)� 3/4 � Eisenhauer �;>HAazr-{,	(� S2 s9�WQ�QGH� R⊙ Q�z)�t1I�g0^8jp�6\� [38] �z 2005 }�1v �)� Eisenhauer �;:Q(� S2 s9��QGH	j R⊙ =

(7.62 ± 0.32) kpc [39] �y� R⊙ �z�` 2003 }�jÆ=^Wh9WA��z)W��g�

2 1 �)� S2 �v#
� [38]_lT�ql�T9g�sLÆ[X'�[eJÆ~j/;e��a�ÆO%�T�[XÆ<{Y[OVÆyj (g+J
10 mas) �na�O%a#fS�lÆ
4E^�C mas

3 R⊙ 
r3S�`�1Q�IBp0� Q\ R⊙ p1Q��Ws9,C,�dP%!�C#��5�%� RR 
5�� Mira 5�9�1����+5t���
3.1 �"Q:/V#��5�NF4��*D�� R⊙ �:/h5j�CÆWHz09�#��5-/�=�UB	����5��3�u℄ .��a.Mz�*�D!`)��AnL�4 9V�5NFXx.Md)o�N$,{E R⊙ ��7�#��5�3 9:Q�5y�8�%! (C%� RR 
5��~	N���) ,4��

Reid �j�*��)3~�4�� R⊙ �E4�8o�EfC��oy [33] ��1�C� 54>�5NF�.Md))��W;,�5.MN$�	���W;�,N$�)N���\Aa�QGH�1p,��	j� R⊙ 0 9pW&x [4∼6] ��>�V\#��5jd?�Z��8`�m���Q�z)�X-��F|��C4��1�Qm���MuCB0m��1�0�XH..�



� 234 �������&�R���u��������� 27 Æ�HGXxd){F�F|� {z,�Mu�1,\Bj1-/�5�Dh� Z L9l&�	!\Bj��rj Zlim �E Z < Zlim ��5AC^�S [4,5] ��1�Rh7j�4��C�Vqz,�V ja-/�BCW}�; R⊙ Q���z)178Æ�`��mGLwC�>�{E�5�3\�Q�,8�%!�9�b0%!8E6� (A	��1�� Mv) ��C4���081 R⊙ �Q��YXh9�Mu�<C�℄H10[Q�8�%!�~	N����1�� Mv(HB) Æ(�pt)�C,;A��QC,pt)�~	N��℄8�%!�8t;Mu� R⊙ �Q�� [6] �
1980}� Surdin �jG1,
H�O�Q� R⊙ �IB [8] ���j�#��5�.f�S)ÆD����x;�x��5pt)1D!`L>2 (D2) 
21aNF�`�5�1xbW���1�� Q,4�D!`)��N$�A R⊙ �r��1h5�SurdinN<:QG Kukarkin� Harris ��v�#��5-/ [51,4] �	j R⊙ = (9.9 ± 0.3) kpc � R⊙ = (10.3 ± 0.6) kpc �

2 2 �$A�6{��+�E3
iM�/NOG
X JA�
Æ Z JFj
 [33] �P1)V#��5#ONF��{
 R⊙ �3~�j:Qvz�P	IC
��Qiz�

1972 } Wright & Innanen <=��zD21F�1j�boH 15◦ �iC
%(y�#��5�zd).0��%(}	9��1#��5z#ONFL�mh2�(aHIC (cone of

avoidance) [52] �1978}�Sasaki & Ishizawa��1�Qiz��CllHV\D!`)�`w�__?℄Q�a	�wD2��5sB;.=l [7] �z�1>_�:nL�:Q Peterson

& King ?:�#��5GH [53], Sasaki & Ishizawa 8
j R⊙ = (9.2 ± 1.3) kpc [7] �V#��5#ONF4��*D�� R⊙ �1�7.jÆ� N[Qj [33] )�: 2 �
3.2 �,! RR ;d:℄H(�&4A��YX�%� RR
5��HNF\D�h`w�Dx�#��5)�zD�Ix`w�*�5C Baade p10��|�(� 9�Q�xC��105��V\%� RR 
5��	��1��oH Mv(RR)=0.6 mag � 9Q℄8E6�,{
�a�����s;HQ��*D�� R⊙ �vG10WQ�dP%!�V%� RR 
5��#ONF,Q� R⊙ �̀ 9#��5℄HdPk,8� R⊙ �:/h5j0���D�Ixb05����NF�T�A1K\�*�D�� R⊙(N[1 3) �
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2 3 �E�ax&) (l = 0, b = −8◦) &� RR �6��{e*OG [33]'_9J7	ÆA�
ÆT_9J|f+ÆU�O%J R⊙ = (8.7 ± 0.6) kpc �:m�Mu R⊙ Q�z)�..C��1j Mv(RR) `5�pt) [Fe/H] �O��`�;1q;a
W���W;?i Mv(RR)` [Fe/H]mhp��W��>HB��O=^Wh9��`�ReidR �;�1�jÆ>H�Mv(RR) ` [Fe/H] �O {vz 0.1∼0.2 mag·

dex −1 �3.�` [33] �;a1*[LQ��%� RR
5�	��1����P	8E�
�A Mv(RR)=0.6 mag�>_0=C1"�CP �jÆ:m Mv(RR)>0.6 �C� Strugnell :Q-EmWB	�
Mv(RR)=0.75 [54] �; Jones �;� Liu & Janes �V Baade-Wesselink IB	j Mv(RR)≈

0.85 [55∼57] �P1Ih�Sandage3	jb7C,�jÆ�Mv(RR)=0.55(, [Fe/H]=−1.3) [33] �q>��F|�d�08Mu� R⊙ �Q�z)�1991 }Walker & Terndrup�j�C,[Q�|�0T Av/E(B − V ) = 3.1 � 9W R⊙ = 8.2 kpc ��C, Av/E(B − V ) = 3.35 ��W R⊙ = 7.7 kpc [10,33] �Z\9LhC�+>?-��Q C	js��jÆ�nf�+>?- HR 1)o\CU�zL�(��5X)oH 0.2 mag �m}\ [�?-�pK� (≈ 1 mag) �C;5�+>?-	�m���Q�z).0 [�?-g	9��r�+>?-�|��0 [�?-}	9�pK�|�d�0�z4	9��G�V\+>?-(�x��0m)0
g�5��1���pt)d�0�8}	9�X-�zQ Baade-Wesselink IB15��3tÆ�1�8\�+>?-��QsHW:�
1987 }� Fernley �;:Q Baade-Wesselink IBtÆ�1�8�	� H ?- (1.65 µm)%� RR 
5��1��`H < MH >= −0.53 − 0.2(lg P + 0.2) �=V 70 �b05�	j

R⊙ = (8.0 ± 0.6) kpc [14] �`-, Reid r�9,IB	j�jÆ�8X� R⊙ = (8.0 ± 0.5)

kpc p�dw��7�.<=�j� Fernley �;��vt℄=Cj:Q%� RR 
5��	��1��℄H8E6�,4�5���)�3�;jQb05��1��`,8
�)�3�C���az�jLw1��`\sQG 3 �(�,tÆ�1�8�;�8z,
x�`-ZW�h7W~dt�
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K ?-��F|� (AK = 0.112 Av)0 H ?- (AH = 0.175 Av)s}�V K ?-Q� C	�s�� R⊙ ��1995}�Carney�;:QD�`wEf%(y 58�%� RR
5�� K?- (2.2 µm)Q�GH�	j R⊙ = (7.8±0.4) kpc [58]�C��y�b R⊙��:�p1z)gw

5%��? {W
x�`-ZW (�C\1��`M��C4��)�Xw�Groenewegen�;VD!`)�`w 37�%� RR
5��K ?-Q��	� R⊙ = (7.87±0.62±0.26) kpc [15]�;/Q� 1 i����*D�� R⊙ = (7.94 ± 0.37 ± 0.26) kpc �j�at1IR :Q,%(y 39 ��V II }℄5���QGH	��X-jÆ [15] �Sp1z)�\ 6% �,-:Q�V II }℄5��%� RR 
5��+>�QGH� Feast �;Xw	j�jÆj
R⊙ = (7.64 ± 0.21) kpc [59] ��\:Q%� RR
5�℄HdP%!4� R⊙ �1�|�jÆ� N[Qj [33])�: 3�
3.3 Mira ;d:��/m�:m%� RR 
5�>�:QzD�`wEf	p$
�{�Q����1�E��C�
Mira 
5��+5t�� (red clump giant) �=r�0��h5�0 Q,4��*D�� R⊙ �

Mira 
5�j10\1�5����51�*[Hz�%�V\b05�	W
H4��1��`� 9Q,{E�a��)�3�=t;Q\ R⊙ �Q��1982}�Glass & Feastnr:QN\ Baadepy 70� Mira
5��+>Q�,4� R⊙ ��Q?-H JHKL(1.2�
1.6�2.2� 3.5 µm) [17] ��a*�B)C,�3~�AN<:QD!`y%!�xXs (LMC)��3oz (,�\�z� (m − M)0 = 18.69) �,8� Mira 
5��1��`��	j��*D��N<H R⊙ = 7.9 kpc � R⊙ = 8.8 kpc �� Glass & Feast ^Woj�a�Q�z)� Reid �j�CÆ LMC ��3ozLQsE4�z� (m − M)0 = 18.50 ��-1jzNKW}H R⊙ = 8.0 kpc [33] �

1999 }� Catchpole �;zD!`)�!℄BP (b = −7◦, l = +8◦ � l = −8◦) � 2 j%()�,	G 595� Mira
5� JHKL?-�+>Q�GH�=*�1��5��zd)��3ozNF"(N\�	j R⊙ = (9.4±0.5) kpc [19] �2005}�Groenewegen & Blommaerts	��G?0}^'
E3 (A OGLE E3�bE3L 1992} 4 q�^Y [60]) �zD!`�#Ix,	 2691� Mira
5��W�GH�|t
N\-	� R⊙ = (8.6±0.7) kpc [18] ��1jÆ PjEG?0}E3�..[Y��+5t��d?\ HR 17�ZLI1jGFCx�(
y��a��)Æ}N�ptS)�54=Cx���)�z&��Zsg�NF�
H)soH 0.2 mag �C;b0(��	��) 9℄H1,
��8E6��Xm Q\Q�w�!>�`��)�3� 1998}�Paczyński & Stanek nr:Q OGLEE3z Baadepy��Q��o 10 000�+5t���	j R⊙ = (8.4 ± 0.4) kpc [35] ��)ZW ±0.4 kpc 7.kL�1���8C4���G��`-ZW�V\-/&x�-EZW}\ 0.1 kpc � 2000 }� Alves ,	 Baade pyo
200 �+5t������w+>Q�GH��a�	�pt)` Hipparcos �:)�+5t��B/p,�C; 9Q-�1b0(���)tÆsHE4��1�8�,	 Baade p+5t����)�3�=t;Q	 R⊙ = (8.24 ± 0.42) kpc [61] �

2006 }� Nishiyama �;1D!`)�`w� |l| ≤ 1.◦0 � 0.◦7 ≤ |b| ≤ 1.◦0 %(GF



� 3 � ��F��+E���:4�R� 237�yBZB�+5t�tÆGw+>�Q��Q?-H J � H � KS �1�F|�� {Mu�X-jÆE4��C�℄GI
�N\��S-��aX+	jD���3ozH (m−

M)0 = 14.38 ± 0.03 ± 0.10 �`�pK��*D��H R⊙ = (7.52 ± 0.10 ± 0.35) kpc �S�p1ZW}\ 5% [37] �`1}� Eisenhauer�;V(�u"�GH℄�1Q��	j�z�
R⊙ = (7.62 ± 0.32) kpc [39] Y 	L[�� Nishiyama �;>H�N\ Baade py���%!�D!`)�oH 560 pc �;�a��Q%(y�%!�D!`)�sH 140 pc �14�
R⊙ sHW:�N\ HR 1L7�
x�o�(�0�.Q,Q��*D�� R⊙ � 1974 }� van den

Bergh z l = 0 � b = −8◦ %(�Q�1�N\D!`�#y�XmE�7���0A7�
x�(��=:Q��(�	j R⊙ = (9.0 ± 2.0) kpc [62] �,}��1zN[. �H
R⊙ = (9.2 ± 2.2) kpc [16] �P10 9Q,4� R⊙ �dP%!j7� δ(δ Scuti)
5��2000}�McNamara�;s OGLEGH)4>G 31�7� δ
5��:Q�05�8W�1��`MV = −3.725 lgP−

1.933 [63] �4�G�a��)�3�=t;	jD!`)���3oz (m − M)0 = 14.49 ±

0.11 �pK�W R⊙ = (7.9 ± 0.4) kpc �R �aV%� RR 
5�	�� (m − M)0 =

14.45 ± 0.08 � McNamara �;X-oj R⊙ = (7.9 ± 0.3) kpc [64] �RL�w� Q\ R⊙ p1Q��W9,dP%!��	��jÆ
Cyp,��s��WA=C
�x��p1z)8w� 5% ZZ���0p1Q�IB,��ZZ R⊙ Q���1j..C�jC�s 5�4�dP%!��)�3��)$)y {
"����F|��f�S)�Mu�
4 �Qe:�CLwm, R⊙ ��1Q��p1Q�IB�&.&dP%!N\D�Ix`w�s�Q	��%!��3�4 4��*D�� R⊙ �Od8
 R⊙ �IB (W;aH R⊙ ��G0QC) �`�C,�kQ�0IB�dP%!=C.&N\D�Ix`w��mG{4��a��3>�5�.,	��%!�u"	) (mx	)�LÆ) ����QC�P1,"(j�dP%!��)�3�.*�Od�3~8��;Cj�d:Q/Q� 3 i)���u�[Q�8��` (C1��`) 9�8E6��
4.1 �B�4RP�;Co�r, 5�D!`u"�o
�V\(� (9�NJs�) N`D!`�L>�u℄ .Q	�a��3�mx	) Vr(9�5WLÆ µ) �� 9Q��%!,{E�*D�� R⊙ �XU��D!`L>o
 �SGD!`
WL>� Oort-Lindblad 5U�|z 1939}� Joy �8�j�CÆ{*��Q���*L
yN\D�h`wrjIx (UD|H
l) Lmx	) Vr ≈ 0 �1�(��=Q	�	����H r �u℄Z\��(�17N\�*iu".L�VU��B��`4 8� R⊙ = r/2 cos l ��:Q 156 �}℄5���QGH�	j R⊙ = 10 kpc [65] � 1954 }� Weaver �Lw:/h58�� Vr 6= 0 �1 



� 238 �������&�R���u��������� 27 Æ�"(�AV(��D| l �D�� R( V��� r �D| l 8�) 9�mx	) Vr ,4�
R⊙ �=	j R⊙ = 8.8 kpc [66] �h7�N`q0E
�dP%!Kbj&�V��V I %!�V� Oort-Lindblad 5UjCkQ���-�0��t℄\	&9�<C� 1958} Feast & Thackerayt1I�S�mG
WL>>�D!`%!5 {vzxf)~xu"��a:Q 314 �|
 B 
��	j R⊙ = 8.9

kpc [67] � 1965 }� Feast & Shuttleworth [�Lwh58��D�h9> (ADL b 6= 0) �(��V 24 �m� (r ≥ 3.0 kpc)B 
��mx	)��3	� R⊙ = (9.9 ± 0.9) kpc [68] �z�a�t℄)� R⊙ Vd
4��
R⊙ =

r2 cos2 b − y2

2(r cos l cos b + y)
, (2)�) y = R − R⊙ � z Oort-Lindblad 5U�&My�V8℄G	��*u"d�-�w�� (r ≤ 2 kpc) �mx	) Vr �w
�

Vr = −2A(R − R⊙) sin l cos b&	�L
) A H Oort[z�1�P1Ih�V\vz�`
 2AR⊙ = v⊙ ��) v⊙ H�*�iu"	)�u℄ .{'=Q	 Oort[z A � v⊙ �4{{
j�*�D�� R⊙
[33] �

Reid 1 1993 }��r�0�h5Q� R⊙ �t℄\G
H1h��w [33] �z�0t℄)�	|:��W� 1992 } Caldwell �;V 212 �}℄5�	j� R⊙ = (8.5± 0.5) kpc [27];

1986 } Rohlfs �;:Q�F HII (	� R⊙ = (7.9 ± 0.7) kpc [69]; 1985 } Herman �;V
OH/IR ��R��QGH	� R⊙ = (9.2 ± 1.2) kpc [28] ��

1993}�-�1�℄�:Q���QGH ($)mx	)9�LÆ) �1�*D�� R⊙ \Gt1I�Q���)W�j:QG��0<�dP%!�0W�j1D!`L>o
℄Gdt� 1994 }�z Pont �;�t℄)�9Gg9v
,o|D!`�L>+n�V 278 �|�}℄5��mx	)GH	� R⊙ = (8.09± 0.30) kpc � v⊙ = (257± 7) km · s−1 ��)5���3V1�J�`4� [70] � 1997 }� Feast & Whitelock nr:Q 220 �}℄5��3�}LÆ���5���hQ�GH�	� R⊙ = (8.5 ± 0.5) kpc 9� Oort [z A � B ��Q�� [71] �C�� Genzel �;:QN\D�`w� 32 �(�SW�mx	)�LÆ�QGH�	j R⊙ = (8.95 ± 1.6) kpc [72] � 1998 }� Metzger �;t1IGDGL21aNF�D!`o
�	j R⊙ = (7.66 ± 0.32 ± 0.44) kpc � v⊙ = (237 ± 12 ± 13) km · s−1[73] � 2004 }�
GerasimenkoV 146 jqH�5��QGH�	j R⊙ = (8.3± 0.3) kpc [74] �B}�Avedisova:Q 270 j(�
b()NJ�!��)�3�mx	)�	� R⊙ = (8.01 ± 0.44) kpc [75] �mG:QLwD!`y�dP%!>�Majewski �;Xw�j [76] �!�`.D!`G?Z�K-8
b__�Q��Q�z	hKb*�D!`)��;*�1�0�Q��Q�0{4��*D�� R⊙ ��*�iu"	) v⊙ �C���rOMW	!jÆ?:�
4.2 �B�4M�{g�;�0o
�:/j?�j� .1D!`℄=r, 5�'CNFo
�� 9	�D!`�5UL>+n�P1Ih�*�^Q 9,	D!`��QL>+n Θ(R) �; Θ(R)
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�j Oort �z�
A(R) = +

1

2

(

Θ(R)

R
−

dΘ(R)

dR

)

B(R) = −
1

2

(

Θ(R)

R
+

dΘ(R)

dR

)















. (3)� R = R⊙ �9��z�*L
y� A(R⊙) = A � B(R⊙) = B AH Oort [z (�N km ·

s −1 · kpc −1) �Vq [� Oort �z�
�9�[z A � B �z�`�*D�� R⊙�,�W��; A(R)−B(R) = Θ(R)/(R) �` dΘR/dR W��Cw��1\L>+n�	�-�A� Θ(R) H[z\�W dΘ(R)/dR = 0 �; A � −B `D�� R bF0�*[>Hz�*.`w"(�jCq�Cq� .�D!`�5UL>+n`�QL>+n Θ(R) p| �A 4�W��| Nz R⊙ � Θ⊙ = Θ(R⊙) �r�Lwh5� Olling & Merrifield \ 1998 }	j R⊙ = (7.1 ± 0.4)

kpc9� Θ⊙ = (184±8) km · s −1 �z�a�5Uo
)8�SG�F�!�hd)NF [77] �z Olling & Merrifield�t℄���Toomre � Caldwell & Ostriker:Q0
U��D!`'CNFo
�*�P1)3~	j R⊙ = 8 ∼ 8.5 kpc [25] � R⊙ = (9.1 ± 0.6) kpc [29] �
4.3 ��v��o	�0r

1984} Ebisuzaki�;{EG1� X Rn(��)�=U��� X RnWR,L 1.4 M⊙�"d%! (Cpd}�)�1�)J�) �WRo\��5=l��q��a{Ej��-/%!��)�3�=V 27j X Rn(�T�NF8� R⊙ ≈ 7 kpc [30] �Z\��5=lj��#1a%!�WR�?C℄�G?\�%!�)�Ll��9^FL�a�jÆKbj
R⊙ ≤ 7 kpc �C�� Ebisuzaki [1)J� X Rn�)o
℄Gdt�	j R⊙ ≈ 5.8 ∼ 6.7

kpc [78] �h7���jÆ.0s��3~	j� R⊙ �,	}�WC9,1\�� Molnar �0��h5Q\ X Rnk Cyg X3 ��j1jpd}��!PW1�J�j"d%!�CÆ Cyg X3 � X RnWR,L 1.4 M⊙ �"d%!���)o\��5=l��b X Rnk��)�3H 9.0 kpc �=Vq8� R⊙ = (7.7 ± 1) kpc [79] ��`)�Æ���sC?j��n?R;CwL9_<��azm0�`)xCvz�Æ���s`-��)�zzE,8&%h��9��CvzE\rj�1���Æ���s [80] �^Q:m�E,h��1�� M cut
PN 1C,�`)�Æ���s`-j&0���5U �0�mG�1��4^vz� Binney & Tremaine r� Ciardullo �;�t℄ [81] oj

M cut
PN = −4.6± 0.1 [20] �Cq� M cut

PN 4 9Q℄8E6�9Q��`��)�3�XxkQGF w 1500 BlW�� 1992 }� Dopita �;��,IBQ\ 250 9jC,}N�D!`�#VÆ���s�|t
�U-X+	j R⊙ = (7.6 ± 0.7) kpc [31] �
5 ����V: 1 �Q�IBN0JjG 20 fH 30 }|9,�*D�� R⊙ �1�7.jÆ�$)�?:}Q��Q�dP%!��Q?-9�pK�N�Qj��m�



� 240 �������&�R���u��������� 27 Æ�f 1 �)>C8� R⊙ pO�js���� JDP2 eQ(# R⊙/kpc �;�R O�Tk -=
1 �4T� �Z�l 10.8 ± 4.6 1988 [21]

2 7.1±1.5 1988 [21]

3 6.5 ±1.5 1988 [22]

4 8.1± 1.1 1992 [23]

5 *	 (��w$) 7.94 ±0.42 2003 [38]

6 7.62 ± 0.32 2005 [39]

7 F#b*)	7 7.2 ± 0.9 2003 [38]

8 s4T� %B	7 8.5 ± 1.6 1976 [4,5] V� Zlim

9 9.2 ± 1.3 1978 [7] JD
10 10.1 ± 0.7 1980 [33] qu+PH
11 7.2±1.1 1982 [6] _qu
12 6.2 ±0.9 1982 [6] �qu
13 7.5 ± 0.9 1989 [82]

14 ( RR �7	 8.7 ± 0.6 1975 [9]

15 8.1 ± 0.4 1986 [13]

16 8.0 ± 0.6 1987 [14] H �.,?
17 7.8 ± 0.4 1995 [58] K �.,?
18 7.87 ± 0.62 ± 0.26 2008 [15] K �.,?
19 (TS~^7	) 7.94 � 0.37 � 0.26 2008 [15] K �.,?
20 (TS~^7	) 7.64 ± 0.21 2008 [59] ,?
21 Mira �7	 8.8 1982 [17] ,?
22 8.0 1993 [33] ,?
23 9.4 ± 0.5 1999 [19] ,?
24 8.6 ± 0.7 2005 [18] I �.,?
25 ,7u	 8.4 ± 0.4 1998 [35] I �.,?
26 8.2 ± 0.15±0.15 1998 [36] 5�~HI
27 8.24 ± 0.42 2000 [61] K �.,?
28 7.52 ± 0.10 ± 0.35 2006 [37] ,?
29 8�Æy�*	 9.2 ± 2.2 1974 [62]

30 8� δ �7	 7.9 ± 0.3 2000 [64]

31 Rf;� ~^7	 10 1939 [65] M?p�
32 8.8 1954 [66]

33 B �	 8.9 1958 [67]

34 9.9 ± 0.9 1965 [68]

35 OH/IR 	 9.2 ± 1.2 1985 [28]

36 	G HII * 7.9 ±0.7 1986 [69]

37 ~^7	 8.5 ± 0.5 1992 [27]

38 8.09 ± 0.30 1994 [70]

39 8.5 ± 0.5 1997 [71]

40 7.66 ± 0.32 1998 [73]

41 F�**	 8.0 ± 0.9 2000 [72]

42 rI	7 8.3 ±0.3 2004 [74]

43 PK�# 8.01 ± 0.44 2005 [75]

44 8∼8.5 1972 [25] (DPHp�
45 9.1 ± 0.6 1981 [29]

46 7.1 ± 0.4 1998 [77]

47 X So) 7 1984 [30] ��6>m
48 Cyg X3 7.7 ± 1 1993 [79]

49 �%�	B	t 7.6 ± 0.7 1992 [31] �+�|
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5.1 �~E R⊙ oirÆv3+z:J 49j R⊙ z�)��xJN&ojG R⊙ Q���)ZW��)W 4j (�� 18�
19 � 26 � 28) N<JjGÆ< (-E) ZW�`-ZW��a�Hw��Q�jÆ�W 7 j
(��N<H 21 � 22 � 31 � 32 � 33 � 44 � 47) ℄�MojQ���z){E��) 6 jj 20 fH 80 }|����|�Q�jÆ��.<=�j�zoj�1ZW{�� 38 jjÆ)�W�℄�m4�jbZW�8$)GÆ<ZW�`-ZW (C�� 2) �9��mG7.j`-ZW (C�� 35) ��CP℄�=^W1jÆtÆt
�ZWN\��7.hCj1`-ZW,k (C1��`91�J�`�M�ZW�8E6���C4����F|�d��)��1 R⊙ Q���Mu2Am^�>_ [33] �Cq�C{U��>HE:JZW�p}�� R⊙ �Q�z)�pg�
5.2 �~E R⊙ irzyoxJ#&s8`L�� Shapley \ 1918 }nr:Q#��5�NF��p1Q�h5�4�G�*�D�� R⊙ �y��,�	�jÆ R⊙ = 13 kpc [1](: 1)MJj) `w��Q��pW
x�� Shapley �t℄	W7d*=>�C��V: 1  [�y�Ww"z� R⊙ Q��,Lp1Q�IB���,L 20 fH 90 }|9,8CyW;:Q#��5NF,Q��*�D��G�m#��5>�:Q��0<�dP%! (C%� RR 
5��}℄5��Mira 
5��+5t��) 1 R⊙ ℄p1Q���8bH,0t℄�7.Ix�1�L 20 fH 70 }|)���!XwB}y?\Wp�jÆ?:��z)\W�g��1?�'iW7	?\#O%Q�9?-%Q (7.j+>%Q) �t��s;{,	s9�sWQ��QGH (C+>�Q�) �z�0dP%!)�9%� RR 
5��KQjiX|�WjÆ?:�\-X\�Xws,\SQG}℄5�GH9&,	s�� R⊙ Q���P1Ih��Q+5t�,4� R⊙sW 10 }�8`��h7`w},#O%Q�?�=�'bsW��� Reid �N0I� [33] �Od8
B�vGHz09� R⊙ Q�jÆ�z: 1 �Jj�z�)o� 39% ��)7. (w 7 b) ,LD!`L>o
�KQ�L 1939}�8W 60 9}� �8`��T�Gm,C,�dP%!�$)}℄5��1���0<�(��qH�59��F�!��P1Ih�:QD!`'CNFo
���5=l�Q� R⊙ zXw 10 }y�M[WjÆ?:��1Q�IB�KQX|ji\ 20 fH 80 }|q��)r�}�	�l
h54��*D�� R⊙ sjXw 5 }yK�b�t℄�Z\Q� R⊙ ��)3~�.,	D�`wdP%! (Y�k�1����(�) �gz)LÆ�mx	)����Q!Pzs�5C {\��1��C;1�,
\R��Q��<j VLBI �Q�o5Dv���jbIBXAhf�r/hC�y��1Q�B 9�12gp1Q�B)5CVdP%!�)�8��F|�z,�`-ZW��b0IB0WLW�`-ZWk�<C�-EmWh5�KQ.&dP%!6��x	)�mx	)Zs�
H)�GK��NF�;.jh^L�6%!�u"vzr,�TIx�9�vzrjIxL��!�u"��178o R⊙ �Q��z,`-ZW�y�h�L� .{℄= 5�"?�o
��0`-��K L9W��d�����j1�.WUz��QGH [20] �



� 242 �������&�R���u��������� 27 Æ�VLw�U [�HG{"��4��*�D�� R⊙ �C,0<�Q�3~0�&C �M�Aa1,0IB�05Kb�S:QC,�dP%!�
5.3 ~E R⊙ oirL

1985}�IAU8X��*D��H R⊙ = (8.5±1.1) kpc [34] �1993}�Reid3����93~Q�jÆ�=|�
H
"�N\�	j�*D���XTQ�� ,H R⊙ = (8.0±0.5)

kpc [33] �HI4�UL 1993}�-W� R⊙ �Q�"(�: 2JjG: 1 ) 1994}9, R⊙�Q���xEW 21 j��)�1Q�� 3 j�p1Q�� 11 j�;Od8
H 7 j�:)���`: 1 p,�Ej: 1 )m4oj-EZW�`-ZW� R⊙ Q�� (C�� 18 ��x 4 v) �: 2 )oj�jB0ZW�R (�Ir) ���S�/Q 5.1 i)�\ R⊙ Q��z)��U�A:J R⊙ ��)ZW=^W"�FP�a�^FQ�z)��CK��� R⊙ ��℄H	Wpw�Q�z)�N<�m0IB�	�� R⊙ �,U�	� R⊙1 ℄Hb0IB�	�*D���XT{��=V5 R⊙ Q��` R⊙1 �WA�[�IBN<{
mj R⊙1 �z)�jÆJ\: 2 )�� 6 J�f 2 1994 �A� R⊙ pjs�� (ISf 1)�� JDP2 eQ(# R⊙/kpc �;�R R⊙1/kpc

5 �4T� *	w$� 7.94 ± 0.42 2003 7.59 ± 0.37

6 (3) 7.62 ± 0.32 2005

7 F#b*)	7 7.2 ± 0.9 2003

17 s4T� ( RR �7	 7.8 ± 0.4 1995 8.14 � 0.53

18 (11) 7.87 ±0.67 2008

19 7.94 ± 0.45 2008

20 7.64 ± 0.21 2008

23 Mira �7	 9.4 ± 0.5 1999

24 8.6 ± 0.7 2005

25 ,7u	 8.4 ± 0.4 1998

26 8.2 ± 0.21 1998

27 8.24 ± 0.42 2000

28 7.52 ± 0.36 2006

30 8� δ �7	 7.9 ± 0.3 2000

38 Rf;� ~^7	 8.09 ± 0.30 1994 7.95 ± 0.46

39 (7) 8.5 ± 0.5 1997

40 7.66 ± 0.32 1998

41 F�**	 8.0 ± 0.9 2000

42 rI	7 8.3 ±0.3 2004

43 PK�# 8.01 ± 0.44 2005

46 7.1 ± 0.4 1998



� 3 � ��F��+E���:4�R� 243�V:Jz� [� 3 0C,IB�	��*D��=Wh9�-EWA�C��p0
;#�9�1Q��	� R⊙1 �HX}�p1Q��	�� R⊙1 �Xx�P1Ih��1Q��sW 3 vjÆ���a�yJY z)Xg�pF�y�p1Q��EW 11 v,L 4 0C,dP%!�jÆ���yYz)3XW�X-�WUs R⊙1 z��x}�5j�yYz)�g��Od8
B,	�jÆ��\PB0IB�	z��O�CÆV 3 ,C,3~ (�1Q��p1Q��Od8
) �	 R⊙1 ��)ZW4�pK�0�L0	��H R̄⊙ = (7.82 ± 0.16) kpc �C,�a�U�	��HX-jÆ��W
R̄⊙ = (7.89 ± 0.16) kpc � [`L0	�jÆ=Wh9WA��q�CK ,

R̄⊙ = (7.82 ± 0.16) kpc℄H 1993 }�- R⊙ Q�jÆ�	XT
{��WUs: 1 �: 2 �Jj��*D���9�0
 1964 }� 1985 } IAU 8X� R⊙ �
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[35] Paczyński B, Stanek K Z. ApJ, 1998,494: L129

[36] Stanek K Z, Garnavich P M. ApJ, 1998, 503; L131

[37] Nishiyama S, Nagata T, Sato S et al . ApJ, 2006, 647: 1093
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Approaches for measurements

of the distance from the Sun to the Galactic Center

ZHAO Jun-liang

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

Abstract: Since the seminal work of Shapley (1918) on the distribution of globular star clusters

in the Milky Way Galaxy, from which R⊙, the distance from the Sun to the Galactic center,

was first estimated, astronomers have paid lots of effects to determine R⊙ as accurately as

possible by using various methods. The importance of determining R⊙ is that its value has close

relationship with studies on astronomy and astrophysics, especially with some topics on Galactic

and extragalactic distance scales. Since extragalactic distances are based on Galactic calibrations,

the Hubble constant and R⊙ are interrelated.

Following what M. J. Reid did, methods used for measuring R⊙ can be categorized as primary

measurements, secondary measurements and indirect measurements. The primary measurements

are defined as a distance measured directly, with no secondary calibration such as “standard

candle” calibration or Galactic rotation model, to a tracer at or very near to the Galactic center.

It is an approach to absolutely estimate R⊙. On the other side, secondary measurements of

R⊙ need to use luminosity distances to sources whose distribution can be or are assumed to be

symmetrical about the Galactic center. Obviously, this category belongs to relative estimation

of R⊙. Finally, indirect measurements combine different kinds of observations with a Galactic

model or some other theoretical constrains.

Before the end of the 20 century, the only tracers which can be used for absolute determination

of R⊙ without any calibration are the H2O maser sources very near to the Galactic center, such
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as ones in Sgr B2. According to the principle of statistical parallax one can obtain a fairly precise

estimate of R⊙ from proper motions and line-of-sight velocities of maser spots. Early in this

century, values of R⊙ were determined from measurements of a star orbiting the compact radio

source Sgr A* on the basis of the classical “orbiting binary” technique and from the central star

cluster based on the statistical parallax method.

So far as the secondary measurements are concerned, several different kinds of tracers have

been used for relative determinations of R⊙, such as globular clusters, RR Lyrae variables, Mira

variables, giants, red clump stars etc. For example, some 100 years ago Shapley assumed that the

globular clusters in a large sample are symmetrically distributed about the Galactic center, and

then R⊙ can be estimated from finding the location of greatest density of the distribution. For

this kind of measurements an important factor which has direct impact on the estimate of R⊙ is

how to reasonably obtain luminosity distances to tracers, and therefore the effects of interstellar

extinction and tracer’s metallicity on luminosity distances must be considered carefully. Up to

now, most of the R⊙-values have been obtained by means of the secondary measurements.

Since early 1930’s, a great variety of tracers and reduction methods have been used to lead

to indirect estimates of R⊙, including Cepheids, OB stars, interstellar HII regions, open clusters,

molecular gas, x-ray sources etc. by using the rotation model, mass distribution model, the

Eddington luminosity limit or luminosity function. The main different between the primary and

secondary measurements is that for indirect measurements tracers far away from the Galactic

center can be used to determine R⊙.

The values of R⊙ recommended by the IAU in 1964 and in 1985 are 10 kpc and 8.5±1.1 kpc

respectively. In a review, M. J. Reid summarized the work on determining R⊙ published before

1993, and recommended a “best value” of R⊙ as 8.0±0.5 kpc. After Reid’s review many new

and more reliable estimates of R⊙ are published. We find an unweighted average of these new

R⊙-values collected in this paper is 7.82±0.16 kpc. From the above values the Galactocentric

distance of the Sun seems to show a tendency of getting smaller. However, it may expect that

the R⊙-value will not be changed significantly in future.

Key words: astrophysics; Milky Way Galaxy; galactocentric distance of the Sun


