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2 + a5xy + a6y
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(1)
ys + µy∆T = b1 + b2x + b3y + b4x

2 + b5xy + b6y
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 µx � µy [�;v+�



� 1  rf��w,�t�zE	�)K 55�r�K
 SPM1 � SPM2 ���4"{Kt (1) 
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yD�\d�XL��%��wy�M���wy
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&n�W/A2�{9{�v+�%
gG��#��#�i� [8] �0Ny\Ly
�\HC"4��;v+�Q(z�;�"�H6g%�v+���K>G� [8] �
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ξH = a1 + a2x + a3y + a4x
2 + a5xy + a6y

2 + a7x
3 + a8x

2y + a9xy2 + a10y
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ηH = b1 + b2x + b3y + b4x
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�l7#�� OFAD W!�=,nL[
zW?9rltW�H
���aQ
Ci} Σ [(ξ − ξH)2 + (η − ηH)2] [��K [11,12] �;^�
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 (a#�Np 21×21 �b) �&#�W
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$z&#�~<(�{%�d�1C [17] �
2.2.3.2 {MW[�%M=,%�d
��BM}� (1) 1996 � Morrison & GSC #�℄*5A�K%�d
Z{ AC %M (��%�[ 14∼14.5 mag) gyK GSC I %�d0A�\dB
P℄C�Husd [18] � (2) 1998 � Lu �E$ 46 7jr0#� (30 7 UKST #��

16 7 Palomar #�) k2N SPM y?
4 SPM � USNO-A0.9 IV�dK�&{ Mask HC�[�%M (B ≈ 11 mag) �{jr0#��;H&
&!%~
&%�d� 0.3
′′ [19−20] �

(3) 2003 � Monet �E{ YS4.0(��%� ≈18 mag) Y℄��{ USNO-B �%�d� YS4.0z� NPM � SPM #�& USNO Flagstaff %5� PMM H6e[℄�H6�k�ER��\%Mk�v+
�z� USNO-B �x℄?��hy [21] � (4) 2008 � Lasker �ENN{
UCAC2 � SDSS DR5 � GSC2.3 �n>% (J%NW�J%[ 11.5∼17.0 mag �WVJ%N!%[ 14.0∼20.5 mag) Y℄�Nt%�d��� SDSS DR5 u
BWN75
�z!;!%�x℄k�> 2MASS i[}=��e� [6] W�B 16 � 17 #G�� UCAC2 � SDSS %M>gk�[ GSC2.3 W�%�M�%�%�d��
�z;WV%�FY (14∼17 mag) Gd%MG��%�d��fdN
0Nz&u�H�[���%�d& GSC2.3 WPk�℄C
�z??H[�AW{ NPM/SPM v_V�>g
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 SPM ��WA�%y�%�d#���%T>
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M�k�[�%[M�Z7MG�HC�
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g℄CIX�z�
M 1995� Vera Kozhurina-Platais&~<{ Yale-Columbia 66 cm <bU���a� 12 7#�l
Z{�H
#�{)
PQPKXL�
 [22] �&!%��%�~ (M 18∼21.5 mag)���f�IX�y
r[;�>U�~%�
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&#�nW
3v%'�v+�IX
�M�{�M75�[[�T
fG QSO z5X75
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r�0W�℄IX℄CK [23] �;�#�W!&uo��a7+�� 10◦ g�75�#�
=iT0WQPgd�X<b℄C
M SPM3 #�;gdX<b�~< [24] �

2.3 M�
R_2�
R�#�A{#�{)G��v+z�;�[�%>G��;v+�M9+ FK5 [[�%M
,"G��v+[�;� FK5 y?��$�;v+-�[�;v+��?HCz�℄V��!g%�~d0�v�a#u%MAM&
fT%Z{�HC
&�T
|v�
M�5?;�HC�(8
#[℄e� [8, 25] �
20 wN 70 �� Lick v+I,2yK{�M%y[8o4G��;v+�HC
 1987AM� NPM([�%M[ AGK3) gyK�%�;�%y��;v+
�z!��m��`"aG 12∼13 mag ��M%y�v+M� 0.0001

′′

/a
i!��M%y�v+i���[℄,�%v+l�,L75
=i0Wx℄ 16 mag �i!S�Pr��M%y
r[�U��M%y&#�["p����%�dT= [26,27] ��5�Czg[�%M[o
I���g%�#�i�
{>U�#�i�I�~gW%y�aQ
�����M%y�;�[�%�v+
a��%y��� ‘Rv+’ 7�ER�
C[a~gWl %��;v+-�N�;v+�Q(℄C� 1992 � Majewski &G� SA57 75 852  B ≈ 22 mag %��;v+l
%yPT[�#�i��I�
#`o~gWl %��;v+Q(℄CZ{	�%y�L�=
tI� [23] �UM
 Lasker �E{ SDSS fEn� 46 341 8%5�k�A� GSC2.3.1�7
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&w��y?d [6] �t&
{:[�T�8=75a�!��Pr��M%y�:W8%5�p�fG Gaiaax℄J� 20 mag � 10 id75
!W%y�[ 106∼107 d
8%5[ 105 d
g�rI8%5�%y�r6NN[ld�H6 2.42 d� 242.41d��z9+%y�[�M[�T�75�}��[�
�d�K�g=:?�rI8=_P [11,24,28] �BM 1992 �
 Majewski&℄,8s� SA57 75 (/��[ 25
′

) W75��;v+l
hÆ%� 18≤ F ≤20.5 mag,

19 ≤ J ≤21.5 mag �{6��K 2.45≤ φ(r−2) ≤2.65 9+K 139  Pr�M75�[�;75℄H[�T [23] � 2008 � Andri gyK31 128 257  8%5�%M [29] 
!r6[ld�H6 3  �
1998 � 1 � 1 J IAU 73[�yZ{�Mb)[�T
a#u%Mz�M[�y&{:R9�n��&"s_ |b| ≤ 10◦ 7J%YymCx℄�%y�8%5l
#Z{a#u%4G��;v+Q(�UM
CrZ{�M%y[8o�[�T
[i0{a#u%a!��N

ICRS y?
gG�*>g�r{��z0hj�G\y?IV�y?d
BM SPM3 9+a#u%�[�;v+Q( [24] 
$za 156 d75W SPM2 y?�a#u%�v+�a#u%MW�v+�>g>����ld75W�%�[ 63∼147 
�� 102  
G8v+dK���K[� µa cos δ = (0.00 ± 1.12) mas/a, µδ = (0.55 ± 1.18) mas/a � 1998 � Platais �E&~< SPM #�l
A� SPM1 {�G\HC����;v+
&dN
#NtH[�z��%y��%�%�d�T>*p��UM
&H6�%�L�ERv+%M&�MW%M
M Hipparcos (5∼11.5 mag)�Tycho-2

(5∼12.5 mag)�2MASS 1�� 2MASS(�%M�v+>gl

B�%MIV�d
EHj3�=i�J%N!%;T>%�FY�%Mp�a�v+EH�%y�EH#g{ NPM/SPMLM9+�%y%M [30,31] � NGP �7�v0%yEHM APM[32,33] � APS [34] 
[#g[�!#:?f��d
EHM
M SPM3(4∼17.5 mag) fgy�[�%MgB SPM2 ��*EH�k� [35] �&d
EHl
K3sd�e,[Mi℄W
BM SPM1 � SPM3 �mv+�
2MASS (��1�MEHNNe,[ 5

′′ � ∆m = 2 mag [20] gB 5.5
′′ � GSC II �Æ+Z{aQK3sd 1∼4

′′ ℄Vv+��&eW�j�z!� 17.5 mag 75�s�uYy75rA5�EH
� GSC2.3 � SDSS DR5 >g#℄
&s_"� 20◦ l
�%EH�C=.��
40% 
>�� 50◦ �
C=_
� 80% �%y / M�%�EHC=.,�E
&su~
�
80% 
>&s�~gd�
3 u�{�
d#1=�%75℄H�HC�k�f{�s�y�D�
>-f�$75℄H[��[	
[���
�)& 1977 � Fricke 
A{ FK4 � FK4 Sv%MW� 512  ��%�qM��℄� Oort-Lindblad {)I�Ks�y�vk [36] 
 1993 � Miyamoto �EZ{ Ogorodnikov-

Milne U℄�s�yvk{)D�Ks�y�+6 [37,38] �>lEo[�s�y*(�fdWN (s��7B��3�s��s$) gBMus�yp<0A�fd%~ (�7%~ I �Wo%~ I ��~�Wo%~ II �$~) �"04D�s�y [39] �y�4
hÆv+4D�%D



� 1 : rf��w,�t�zE	�)K 59��p���W"0�s�yWP��%y�A��{)(^
�j8�^
℄,�%���s�y�W!pU�Y℄�?9M%+% (exoplanet) �℄Hs�yW!�2�UH�fp[�s�y�	
"0:�w�D('3���'3/bKs�y�l)ko
Cs�y�pUNU�"0�=6u*Bv+�s�y�	
"0:��wj3 [4,5] �
3.1 
R[PBU0&%D���%z��>�'5�*p�
"��p�%���P�>��:�q��H��R
"g%DzD��%*p�O-�nQ}�%Dp�%W5N���z�%�UH
;�g,��R�q�P6

#gD��%�{6�d6H-�UH���wy���3n%D���%kNrA
75℄H
%T#�:Wx℄��>���V%D"&75g�[T#�:Wx℄���H
�A1 (M{%uv{y{:U��x℄�75�3=%��;v+�{=�L{�N{e℄,~�~6�q�P6) �qrx℄T�:�75℄H&��%��x℄}6Hu��R [5] 
J1K�V%D�3n%D�D�C���V%D
A&s�uYy
�l[n[s�%D
$;&D�s��ko�O-��℄W��{�M�/��V%DzD��%xsUH���<��L
!)VNU�"0:�P6qMk�#gD�s��-:O-?p�Nt��fY℄� 1700 d�V%D [40] 
�!WM� 60%���:��R�$w
 50% �v+qM
 25% K�v+��~��6
U=WM� 8% �q�P6�[K℄H�1/
�&C&v+ WOCS (WIYN Open Cluster Study) [41] �
LOCS (LAMOST Open Cluster Survey) [42] � SOCS (SEGUE Open Cluster Study) � BOCCE

(Bologna Open Clusters Chemical Evolution project) [43] ��V%DI,� WIYN zm�W��%�:�x&���:�ZY�:��O{:7e%���I,
\I,"{e&��
KPNO � WIYN 0.9 m � 3.5 m U��� KPNO � Mayall 4 m � CTIO Blanco 4 m U���&GTU��{�f)75℄H
~g[ 36

′

× 36
′ 
>Bt[ 0

′′

.26/pixel�UM
/#gA{ Mayall � Blanco 4 m U����h< Cesco �m� Lick 7e% 51 cm U��x℄�#�qM�!!:�L[6� 14 dT>�R�T>q�P6�u��!NU��V%D�75℄H�℄{�N{qM� LOCS zW�!:�[	7e%	{ LAMOST v+� 4 �x℄I,
g�� 600 d�V%D (%�N 16 mag 
s!�31N 13∼16 kpc) �~��6�q�P6� SOCS z�X�3vI, (Sloan Extension for Galactic Underpinnings and Evolution) 
a��� 100 =d�V%D�~��6�q�P6�Æ�j�A� BOCCE I,ax℄ 30 d%D
g6�℄{�N{qM�[��D�I,��f\6AMKD�k�
N 2003 � WIYN j��f�g� WIYN

open cluster study �[3AMK 30 =�e6 (M�6�V%D NGC188(V =21 mag) �75℄H�p�%�/b [44] �) �A{�V%D�75℄H�℄{�N{x℄
#gn�3=75p<�j3�D��%�5�;Wkb��%��y�=�{Ha��℄{U℄D�e0H�O-��[=,%D�R�&�%%5�EÆ� Fe� CNO � Li �P6�℄,�A�D��%�W�5��3V��r
Kns�y�-:O-��sP6�D��%~���&ry�%y?W�%O-gBxs��&�UH���UM
 Kharchenko �E{ ASCC-2.5 %M [45] gyK 520 d�V%D�"0�℄{qM
P{gD�s�y�[��7ki���6I3[��s�y��W����La�'T:s�u��:�����rIk��u�&s



� 60 �������8�f�;�w�2������� 28 ���yW�� 63 000 d�V%D [46] �
3.2 �J[Y&H,���PH`"aG
.%y�v=&$�Bds�y�*pW%K℄W��{��#g�Ef�I3%y (Sagittarius dwarf spheroidal galaxy 
[n Sgr dSph) �A��lxKn.%y*p�|j��%Wg�Ew�& M31 �iV�%yW$�lxW�y�z_d�K����UM
;%y$�*pz��_d�'5��.�) /z.%y�1j�P
Eov+KjlV�/b��f&%y$WA�K�UH%y�s�yP�&V}�%y�\�
&����.%y�s�yP�l
*pK$�%~P��y_d(5�%~�=iH[M$z.%y�v=�{*p�
>�$z�%y�ÆV) *p��A{ λ 9!pU	
{)�℄&:'T 1 kpc g��F'd<WP��%y
 Johnston �E�℄WP�%y�
>��6pV6[ 5 km/s 7?i�
M�lxW
&
,{ WYIN ODI(:n One-Degree Imager)�v+}6 (�[ 270 µas/a)rI
& 2 kpc � 100�H675W#gA� 20∼30dlxW [5] �Eo{<bI�G℄&s�yvD�{}�I3%yKn>fg�%��W
M 1993 � KuhnG℄& Ursa Minor �Draco� Carina � Sextans �I3%y�lx/�My��"ur6��%��W [47] �

1994 � Ibata ��&Ef�I3%y (l = 5.6◦, b = −14.0◦) Y℄��d%yrs�y�lx�{>Knfg�lxW [48,49] �$a�3n%D M54 (NGC 6715)aQ
��� 22◦×8◦ 
31K�d3n%D M54 �Ter7 �Ter 8 � Arp 4 �p��!p�%��R�[ 10 Ga 
��a�[ 0.76 Ga 
*nzFj�
b�>B[ 3:1:1 
%DW!�s!��[ 16 ±2 kpc(:'T
25 kpc) �Ef�I3%y�s!,���"0�6[ (2.1±0.7) mas/a 
C (250≥90) km/s 
$�+�eb
�ps�u�{ SPM3 ��\%y��;v+[ µl cos b = (−2.35±0.20) mas/a,

µb = (2.07±0.20) mas/a 
G?z�R� [50] �$�eb ≤9 kpc 
!L�Jp�L� l = 5◦ �J�s�u
l�� 2∼4 ���a�
ai9! 1/2 �UH
JNP:Kn��&�Ef�I3%yzPr�!pU�>�
 Majewski �E{8s� SA57 v+qM&���: 4.5 kpc ~A��_d$~d0%D
�U=�)VNU�q�NU�T;n��

a��wKs�y$W�t6%W�
&
P�ps�u"0 [51] � 1995� Guo &�s�A�_d�+�$%W
�zk�A�
+��ps�u�%W [52,53] � 1997� Schweitze �E℄H Ursa Minor �I3%y��;v+l
A�K Ursa Minor %W [54] �>�
 Smith �E& Carina � Draco j8bH�{ CCD ℄{EwK"ur6��%��W�
& [47] ��&x℄��%W� 3 \1/� (1) ��lx�{
Ef�%yC&Kn7���P�yD� (2) _�3n%D���lx^����%C~&%Dlx/�IM� (3) �%�M
[��3YK_��I3%y�x℄Ew&$W6VK���%�\�����r&Bd%y�O-?p[4/Ag�
����Nt2yK���#�.
�z�%�\�z*p�&�%$�℄WWN�?9%W�G\HC�*(HC�"0:HC�*(HCChÆ.%y�_d^#7?&.%y��(&�krA%�0(4?9�"0:HCC℄H�%�"0
&.%y�%WW�%�)V"0 (v+�~��6) y�.%y���>���"0 [55] �s�y��I3%yy�& 2 d��[
7?�op 2 ;%W�g=a%W (31 Draco�Ursa

Minor � Carina dSph %y) �&�;%W (31 Fornax� Leo I � Leo II � Sculptor dSph %



� 1  rf��w,�t�zE	�)K 61�y) �LMC � SMC F(a�� Ursa Minor � Draco �E�H�[
��'5�m�� LMC&_d����g=a%W�(u
Jp_dy�s��)9
,�s�y
�p Ursa Minor� Draco "0� Lynden-Bell ,lK_dg=a���
$�g=a��Ursa Minor �Draco�g=a%W�aQgB LMC �"0z�R���{z Sculptor �b�p dSph Fornax
�>!v+kyKg=a%W
�z Sculptor �aQhyg=a%W���
"gI#�zg=a%W�p� [54] �Ef%W�D�#g℄H LSR (Local Standard of Rest) ��6�'T~s�y�7k�_��E/{ Hipparcos %MW�*WH%�OB %��V%D�v+
HST x℄���3n%DW�3~%�;�%y�v+
gB{ Sgr A* �v+��K'T~s�y�7k�_
��k�
&�� 20% �dq (207∼240 km/s) [56] �M��℄���Mb;n.
��6#�"N (184±8) km/s
>�s�yJ6rI
M��6k� 220 km/s
,a�: Tully-Fisherwy�"g Majewski 2y℄H'T�;�Ef%W\��u (y��_d���
�s�u�d�[s��Ly� X b)�"0
�UTuCtKx℄<m����%5rA�s!
>- R0 �[�(a�s�yyW!�R�mw�&{�HCG�'T"0}6[ 1 km/s l
W4Ef�℄BWN�v+}6[ 0.01 mas/a (SIM PlaneQuest �U����}6) �UM
{lxW#gD�s�yvDy�*n�*6 (Cs�y�UHNU) �RM�℄H\�%��:�eaQ�~��6�v+
,
�q&R,�vDyWgy$o����M�&C=�vDyW
%W�[���.%y�lV�aQ��6Y3�R [56,57] �[u/bK&s�y$W'5��%�%W (MEf�%W) �
&
nL[
&s�yM[A�K!#8��1/
M 2000 � 9 � 3——9 J Ibata �E{u*A Roque de los

Muchachos 7e% 2.5 m Isasc Newton U����~g:�:x℄g�y��%y M31(�:�[ 780 kpc) [W!� 58 dF6�75 (:W! 4◦ 
l��a 0.3 �H6) 
!��%�
V = 24.5 mag �#o&�Æ� M31 �$WA�K_dXq��"�%F%W
�d%W#�z�y M31 ��%y M32 � NGC 205 &lx�{}i9�_��% [58] �
3.3 Y&H�Ga�-�s�yz<!pU$3Yp
$�UH[s�y#℄WNUH� 10 :�$�pNz`G�
$~�UHPr75 (Massive Compact Halo Objects 
[n MACHO) z!%9?
��9!pU (Cool Dark Matter [n CDM) z"{6�
���% (��%7 M )�%) 7?zB℄�{��%
> (&�%�Wu%��2) �$�0A;	
:�%y*p<b�p℄W�jl���#℄pU�vDgT�n|x℄�s��k00.
�>EnK3n$W!pU�
& [59] ��&x℄H[$#�z�6��Mi9�&�% (C�%y�R�K�t6%~�
>) _H>p�
"g?9&�%#gJhY℄!$pU�& 1999——2000�VuEHK�B0N9�
d6& 4 000 K g}�&�%�r[�8%'!
&g(��7WT#�x℄��{�gM
[#g{XvDA��y4Y℄!$pU�

Oppenheimer �E{k COSMOS �7 (SuperCOSMOS Sky Survey 
[n SSS) & R59F� BJ R9 (;y� 0.59 � 0.45 µm) ��z-#�W?9v+ µ & 0.33
′′

/a N 10.00
′′

/a IV�%�!N 19.8 mag �75�Z{�#��y�s�
�� 3 dx℄?�
|n31 4 165�H675
4Bd75� 10% �[K=H&�%
&B{6�&�%�e5%�>gWZ



� 62 �������8�f�;�w�2������� 28 ��{K�-v+ (reduced proper metion) H
�& 69  %9%W
 16 [ M )�%7 M )B�%�2  D He &�%�13  Hα 0A�9&�%� 38 ��9&�%
� 38 9&�%4��!pU� 2% �v 20 wN 90 ��x MACHO � EROS (Expérience pour la Recherche

d
′

Objets Sombres)GdD��I,&��g=a%�5?9�ps�y$�"J6%g4
NN����Pr754��!pU� (8∼50)% � 35% 
�z�"�rIK [60] �
1963 � Kumar gB Hayshi � Nakno <b[�℄��%z�%*pW�"UHUf��&<bAM& 25 �
 1988 � Becklin & Zuckerman & 200 &�%Yy?9�UH�.%
A�K:&�% GD 165 120AU~���% GD 165B�$z�9���%
d6[ 2 100 K
UH& 0.06 M⊙ ∼ 0.08 M⊙ IV��d75o��%�+%IV
z 1 d$q�75 [61] �

1995� Nakajima & 100 �R�[ 1 Ga �y�%WA�K� M1�% Gl 229 �� 44 AU ~���% Gl 229B�M&
 1997——2000�V& 2MASS �DENIS � SDSS �7W[NNA�K 124 � 13  > M9.5 �%Q-{�8� GD 165B � Gl 229B �75���%T>� M )�%
� GD 165B {�8��n[ L )% (Teff ��& 2 200∼1 300 K IV) 
$zUHMi���%���%�5��>� Gl 229B{�8��n[ T )% (Teff ��& 750∼1 200 K IV) 
:W���%�p [62] � 1993 �|�s{ Palomar 1.5 m U��� AOC v+ 8 pc g�?9��%.%��7x℄ [16] ��z&y�%D�W&_�r{v{yH

A�KUHMi��.%�M ) (Q� M6)�% Gl 105C(Gl 105z_d 3 %y?
�:[ (8.19±0.67)pc)
�e% 3.27′′ 
aQe 287◦ 
�;%� MI = (13.1±0.2) mag 
��Q�UH — {6�wyrI!UH[ (0.084±0.008)M
[63]
⊙ � 1998 � UCLA y"M��� IPAC ���s{ Keck IIy"MN{ev+ BDSS (Brown Dwarf Spectroscopic Survey) �7
!��[� (1) ���UH�%���%U=� NIR(y"M) W�NJ_{�
P�<b�{��HNU>g� (2)��_�aNJ_{�
gG$dN{�0A��'{)>g� (3) Y℄`NJ�%.%v%�=�.ad [64,65] � 2003 � Schmidt �E{ VLT+NACO x℄ TWA 5B(&_ Ce5(%"0���%) �{��v+qMG�K!��"0�$z�/�Q M )��%
[zq
 T )� TW Hydrae %��p� [66] � 2006 �TA Paranal 7e%� Las Campanas 7e%NN{ VLT+NACO(v{y{:y?) � PANIC+Baade gBn>v+HC;y�� 28 �

38  &�% (%�NN[ Jlimit=23.5∼24 mag � 21 mag< J <22 mag) ?9B�%.% [67] �N 2007 � 10 � 5 J&"M� Sloan �7WfA� 606  L/T )%
 50% &s�uM
$z
50 pc � L �J T )�%� 25% ��� Gaia ���%�[ 20 mag 
M�x℄�!W� 100 ��� Gaia I,ux℄ 400  L/T )% (T31�%y?W� L/T )%) 
�z SIRTF

(Space Infrared Telescope Facility) � JWST (James Webb Space Telescope) �U�Y℄�> T)�%i9 (Teff = 130 ∼ 800 K 
UH[ 25∼1 MJ) ���%
��75o� T )%�9���UH�i��+%0A�v��T���%IV
>!&s�yW��Hz`G���&:3� 7 dI,℄, L/T )%��:
t& PanSTARRS � LSST � SKYMAPPER [a℄, L/T )%�~d�[Kx℄> Gaia ��%�i!� L/T )%
{%u�� IR :�:� 4

m HE�U��z�{� [68,69] �
3.4 -�DPRP[Ki
%Kn'Ty�*p�O-
y�D�M%+%y?*pB!O-�<b��



� 1  rf��w,�t�zE	�)K 63�[_j����W?9&�%���%�.%�Y℄M%+%�HC��D:�y�XvDA��℄{$�
a4#�/��%�v=�vv=%u�HC{4Y℄M%+%�{D:�yY℄M%+%�HC=i� 3 \�,lC�~��6C�75℄HHC [70] �{z�&�WNM%+%z�~��6H-WA��
�z75℄HHC�~��6HC�>g�~(z� (1) �p+%Ce%�a��.Q
75℄H�$�[.�
>~��6HC,�E
r�\HC�Y℄�'Ty�����~%UH�+%y?� (2) 75℄H$��y?�0emw
#gJh℄H+%��%�UH>�{~��6HCY℄��+%4�ye%
M�
25% �+%��k� 1.5 AU 
k�_ �~%�U���

1995 �Qv7e:O Michel Mayor � Didier Queloz �~��6�H-WA�KC'T)�% 51 Pegasi "0�&_ M%+%
!UH[~%UH� 1/2 
a� 4.23 d � 1995 �
9 � ——1998 �
QvJ�K7e% Delfosse �E2yK{[�dT�7e% 1.93 m U��
[7[ ELODIE m�{��N{ex℄ 125  y� M )�%� 3 �x℄I,� 1998� 6 �&�dI,W����7%[{Qv& La Silla � 1.20 m U�� CORALIE N{ev+x℄��dx℄I,� 2 d���`C M )�%y?�=U.?I�=,e%5#W�U{wy���A�Ky� M4 )�% Gl 876 (HIP 113020) �_ ~%UH�+% Gl

876b 
$z_ :'T�y�M%+%
�:[ 4.7 pc 
& 40 d�y��%y?
& 53  �y��%�Gl 876 �UH[ 0.3M⊙(T=,.#�[ 30%) 
z+%UH� 150:
/��[ 0.3R⊙ 
>'T9�J6"�!.%�a�[ 60.97 d 
�!_ e =0.336
�����/jb a sin(i) = 0.2 AU �RM Gl 876 �UH[ 0.3M⊙ 
,.%UH[ 2MJ/ sin i(MJ [~%�UH)[71] � 2008 �x{ ESO3.6m � HARPS N{ex℄ CoRoT-Exo-7b �~��6H-�
2008� 3 �~Wb 3.6 m CFHT (Canada-France-Hawaii Telescope) � ESO� 8.2 m VLT 4;�%v+Kx℄� CoRoT (Convection, Rotation, and planetary Transits) ��� VLT �"MN{e�y\%z 1 dU�%y?
31 1  K0 )�%� 1 ;dm"�%
�~��6H-��a� 0.85 d 
U_d+%�a�[ 3.6 d � 2009 � 1 �%�{ HARPS N{ex℄
g=,zrym�%
/zM%+%� CoRoT-Exo-7b za����� 1  12 mag K0 )�%�+%
$�e% 0.017 AU(�[e%/�� 4 :
z�%:'T�:� 4%) 
/�[%3/�� 1.7 :
UH[ 2∼11 d%3UH
g 217 km/s ����6C TYC 4799-1733-1 7k (e%['TUH� 93% 
'TJ�� 87% 
'TJ6� 40% 
d6[ 5 300◦C 
>'T9 500◦C) �g( TrES-4 � HAT-P-11b NNz������M%+%
�& CoRoT-Exo-7bYz_ ���M%+% [72] ��&3=7e:oC&�1M%+%�Y℄�BMm� Allegheny7e%{==�N{{6I (Multichannel Astrometric Photometer with Spectrograph, MAPS) �m& 76 cm � Thaw<bU��[
>lr{G\Y℄H
℄,75�aQ�~��6 (}6[ 3 m/s) 
r"���;aQ}6>:�HCia
=i_d^Qx℄}6[ 0.4 mas � 1995 � MAP AMK
267 %�%M
!W31%�aQ�v+�{�)�XL�
Px℄K 20 y�%
gGY℄+%y?"v%\%"0W�M�.H-� Gatewood �E� 1999 � 4 ��s;8s� ρv+K 1.5 a �x℄�#{ MAP x℄\%� 11 d��a�qM�a#u
%x℄� 28 d��qM��8s� ρ �a�NN[ 39 d � 39.5 d(&a#u%MWOy[ 80 d 
>{~��



� 64 �������8�f�;�w�2������� 28 ��6HC��[ 39.6 d) 
G?MiR��G\HC�k�����/jb[ (1.66±0.35) mas 
�Mw\.%�"0z#gY℄������.%�UH[ (0.14±0.05) M⊙ 
$>~��6C℄,�UH�GdHE (~��6C℄,�UH[ 0.001 M⊙) �'��UHT�v%�U�"0
M�>U���
.%�UH[ 0.001 M⊙ 
!v%�"0M� 0.013 mas �$�
�UX��"0M� Gaia Y�Y℄�
r�&M%+%�Y℄W{=\HCEHzA0��#H[� y�� M )�%�UH�.%T#�z_ +%
r�8s� ρ z_ N{�%��&f$ MAPS(℄v� MAP) �m&~Wb Keck U��[
$#g>l{~��6 (}6[ 3 m/s) �75℄HHCY℄M%+%y?�75℄H}6[lQ 0.1 mas 
>��!#75℄He&�℄H}6a 1 dHE�>lr{G\HCY℄M%+%�<(z.QK�!�)V��*EH�j�
�z℄vKGHuj��&GdIX (400∼650 nm, 650∼1 000 nm)R9v+x℄#g�{&�~g (4 �HeN) ��gd�'<b
P-2ax℄}6 [73] �UM
/�m� JPL � STEPS I, (Stellar Planet Survey) �\I,{ 5m U���75℄HHCx℄ 30  y� M )�%aY���~%UH��+%�{�gM
[#g{{^
�)(^
ev+�Huj� [74,75] 
N 2007 � 10 �fY℄� 250 = M%+%
>-/&T:.Q� 2007 � IAU & 249 �/b3jn*BKM%+%�Y℄�*p�0D:j3�
2009 � 7 �&[	�;�K���%�M%+%�=U.,℄�H
�/b3�

2006 � 12 �AbK CoRoT 
%
&x℄WfA�K 7  M%+%
&m� NASA �
Kepler 
%f� 2009 � 3 �Ab
[{�Y℄M%+%�&`4�)V75℄H
% Gaia��)V^
℄HI, SIM W
4�Y℄��~%�%3UH���M%+%y?�Fr
�&m�)VU��D�"�j�A4S7e%��aE�pCK+%y?j��jn�℄{75℄HHCY℄M%+% [76] �
3.5 �5(�%)P�a5s�yW!�!pU��z_d�R^ 10∼20 M⊙ ��%�2�p��) %D
/z_d�UH��2
7?G?W>�I
�zj�`n��j3 [77] ���s!~�%rA
%Q['5�!pU�L�
{:x℄mCv+�;s!�%ux℄M��b)�y"MR9
=jMo_&y"MR9x℄s!Yy75�"01/��g}�x℄k�EnK Sgr

A*(IR) %D�
&
�[�wKs�yW!�!pUz_d�UH��2��&��� Max-Planck %Mp<D�"�m� UCLA p<�7ey�Gd��Z{T>e&�1�
j�
 1991 �(?Z{ ESO � NTT 3.5 m U��� SHARP :�:�s KR9 (2.2 µm) �)(p�x℄I,
 1992 �����s�yW!5�)(p�k�� 2002��s& ESO � VLT 8.2 m [Z{ NACO y?�v{y{:mQv+x℄� 1995 �
&?{~Wb Keck 10 m U��� NIRC :�:& K R9~;s�yWR%Dv+p�x℄��%v+�℄,�D�vr�PN[ 3 di9� (1) x�eWj�zs�yW!�p�� (2) 1997�(&&s�yW! 0.3′′(0.01 pc) �A�K.�"0 (v > 1000 km/s) �75
r�D��fPv+�P��{v+Ews! Sgr A* Yy�_d�UH��2Pr�K!UH [15,77,78] � (3) 2000��sKW!5�%���"0�℄,��px℄?�V
�.�
N 2008 �{�%�v+�~��6#g>lrI!��"0��2�UH�'TNs!��: R
[79−81]
0 �0NyL



� 1  rf��w,�t�zE	�)K 65�y&G�s�yW!5�%�v+l
Z{ 2.1 jW�HC (2) 
>k�Z{"M[�%M�9+ Sgr A* "M%D (SgrA* aY 0.1 pc �FY
� 6′′×6′′) �_�%�[[�T
&��W�℄K{75℄H�C�:�:[�
M�(�7k�>Bt�;H
PA{>l�&"M�b)R9p�� SiO �ak���N�;v+ [15,82] �
1996 � Eckart � Genzel AMK 1992——1996��V 5 d?��x℄k�� Srg A* %D

39 %�WRWN 11 %�v+
�;aQ}6[ 10∼20 mas
v+�}6[ 50 km/s�{~��6�v+I���& Sgr A*aY 0.015 pc��UH[ (2.45±0.4)×106 M⊙�!pU
!r6[ 1012M⊙· pc−3 
r�z_d�UH��2 [15] �1998� Ghez �E [78] A{ 1995——1997V 3 d?�gy� 90  %�v+
�����k�
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Proper Motions and the Frontier of Studies on the Galaxy

JIN Wen-jing

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

Abstract: The methods of determinations of precise proper motions by using the observations

with photographic plates and CCD at the 2–3 epochs are described. The detailed technique to

eliminate Optical Field Angle Distortion (OFAD), magnitude equation, colour equation is given.

In order to obtain the absolute proper motions referred to faint galaxies the procedure for deter-

mining the zero correction to relative proper motions is presented.

For compiling a catalogue referred to the galaxies as the reference frame we should pay atten-

tion to the following 5 points:(1) The direct method will be adopted for determining the absolute

proper motions referred to faint galaxies with observational data of POSS I, POSS II and new

surveys. (2) The saturation always happens on photographic plates and the measuring error is

relatively large for bright stars. It should be considered whether 2-3 order terms or high order

terms in the plate model, corresponding to the reference stars down to 8.5 mag or all stars, are

adopted. (3) The magnitude equations for stars and galaxies is different due to brightening of

galaxies about −0.7 mag. The magnitude equation is not obtained for fainter stars if there is no

reference stars. It should be derived by extrapolation or adding a term of magnitude equation

in plate model. (4) The colour correction should be considered because QSO are blue celestial

bodies and galaxies are red one. (5) The selection of galaxies is the first important work in

constitution of extragalactic reference frame for determining the absolute proper motions. The

systematic errors such as magnitude and colour equation etc. should be also considered and the
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moving average methods such as infinitely Overlapping circles or subplate will be adopted to

eliminate accidental errors.

There has been close relation between kinematics of the Galaxy and cosmology and the astro-

metric parameters, specially, proper motions. The five front subjects in this field are described as

follows: (1) Studying stellar cluster. In the past it was necessary to wait 20—30 years for deter-

mining proper motions but this study down to magnitude 22 or to even fainter magnitudes can

be carried out only in 2 years time span with new technology such as adaptive optics, high quality

CCD cameras, multi-object spectrograph. Open clusters (OCs) like a probe to study the structure

and evolution of the Galactic disk. We expect that the radial velocities and metal abundances for

600 OCs will be obtained in the next 4 years by using LAMOST. (2) Discovering dwarf galaxies

and tidal streams. Now many astronomers devote to search tidal stream as Sgr tidal stream and

“tidal tail” in globular clusters. In addition, Majewski proposed to measure the solar motion

with Sgr debris plane by SIM PlantQuest for determining the R0 and rate of LSR in 2006. This

method would not only overcome traditional difficulties with working in the highly dust-obscured

and crowded Galactic center, but be independent of R0 and any assumptions that the reference

lies in the center of the Mike Way potential. (3) Searching for dark matter in the Galactic disk.

38 new cool white dwarfs were detected with reduced proper motion by Oppenheimer in 1994.

The unseen matter can be indirectly detected by micro-gravitational lensing such as MACHO and

EROS projects. L and T dwarf, companion star of white dwarf and M dwarf, were discovered in

1988 and 1995. A greatly contributing action in discoveries of L and T dwarfs has been made

by using 2MASS, Sloan, DENIS survey etc.. Gaia can only observe these stars of about 400 due

to the limiting magnitude of Gaia. New discoveries will be made by 4-meter-class telescopes on

ground. In addition, we expect that SIRTP and JWST can detect the cooler stars than T dwarf.

(4) Detecting the exoplanets. Besides discovering exoplanets by ground-based observations with

radial velocity and astrometric method the satellite of CoRoT and Kepler was launched in 2006

and 2009 respectively. LAMOST will make its contribution in this field soon. (5) Measuring the

masses of black holes and stars. Through high precision astrometric observations for 15 years a

supermassive black hole at the Galactic Center is confirmed and the stellar orbits of 15 stars in

the system of S-stars are well determined. Many relativistic events such as prograde precession,

retrograde precession to be induced by a so far unseen, extended mass component, gravitational

redshift, Doppler boosting and multiple images etc. will be observed in the near future.

Finally, it is emphasized that the Galactic structure and evolution can be fully understood

only by combining astrometric and astrophysical parameters. And we should attach importance

to fabrication of a 4 meter optical/infrared telescope in our country for studying these subjects

as mentioned above.

Key words: Astrometry; absolute proper motion; Galaxy; dark matter; exoplanet


