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1 �)�����IL��=���%�oP7G�ogPj�
�|-�u�<!Pr
>�WX(HKx7GoP�snÆ�og� 20 F+ 80 Zu Bradford u Richard [2] !�2/ β gVo���g=(Ho
$4�JAB5~ (z�uV�) 'Y�A}gP?
�WnY�Jog>� [1−3] �eJ(H��=�?~�yP{$}gnYap
$��WoP2m�5~&�TTIRpr
>e!ognY�7�:�Hm [4] IJ4��+o�

Wolszczanu Frail [5] P 1992Z!6_g PSR1257+12�6_
p�g=(Ho
$4sn���j� Rasio �� [6] !jVo!	o�
o>eIJ$n! 3 }og�$og>��6_g�ISag��mJ� ")a PSR1257+12 og>�I�Æ(H���Jr
>�og>��z6_g�HW<.A�PeÆ�og)��WoP7G��=P\Ær
 (solar-type) }g
$�og{9IÆ�og� PSR1257+12�og>�INp��� iIfe�2008-03-28 � ÆPfe�2008-05-28QW�b�g. ����R��SN (10573040, 10673006, 10833001, 10203005) ��R(�/qZrj�RÆ����



� 1 q ^�℄Æ	��s�?�phxK0+ �'|l 15�6_g6_
p�"Y4��J&4E�~��wJr
>�og�/*rD4I4E*!PÆr
}g
$(H���}og 51 Peg b I	i}gMUf���g(H� [7] �Gz 2008 Z 3 H 13 � (C
) �(H 277 }r
>�og�e\og�~�rD49r
>�zuqogN{�aL�C&T��ognY�1 [8] o=�WIqog�qogPA}g�$C�nYz�(H�r
>�og��4 140 $}9s�}g�s�Y7 1AU �mog�i.�rY)zr
>�og>�ur
>r��Æy$og�r4Cr�i.�r��\vHY�g!\7ognY��$2�!mA}gnYg�g�:�nYog [9,10] ��Æ�og [11−14] Pog>���nYu��|���P 21 F+aN\�g8EPA}g�Æ�og4�W%rog�~�&*%.bog>��*>�Pqog�Vh� [15−19] �(a�\vHYU>�37qog�UV~��}{ 1/3 �og>�P�m�
/4�i.CY�Æ�og [20] �&�Z(H� Gl 581 c [21,22] ogPI���75|-k7��o�WI��}P�m�
(H�Æ�og�HP�wJ%X�_��wJTl�g (15(��~�) QÆ6zPY�r
>�og
2005 ZaC!��℄o=���ak (2M 1207 b [63]) �i�!r
>�og��gFFvCzEC
� 10∼20 a 4�IJ;4���F�<fp�n (NASA) u_�n (ESA) �4Pp�r
>�ogwJ&�! Kepler � TPF � Darwin � [62] �+,� 2 \N,!#�O0�wJ/*�K�/*+0�(aVW� 3 \�r
>�og��{k!sVo!4Æ� 4 \!�(H�r
>�ogVo�&�g�
2 �yL1,

Perryman [23] !r
>�og�wJ/*,iB{�"I�L�-CYV�/*4 6 �49IuE^J*���J�*�MUf�*��g*�"'��b[+*u6_g&=*�MUf�*u�g*IL�(YV�(4[�wJ/*�(H�r
>�og��rD4�I3e��/*(H��m4�/*�duE^J��I�7'�[+�4E/*e�IL�wJ/*��JG�{Æ�6_g&=*O07wJ6_g�og&L��g�!WÆ�IÆr
}g
$�ogZPj�Oz1�
2.1 ��UK8Cr
>�og37s����D�1�(a&6P{ �}g�ZkTIoa��Z��y-�`y4\�oa�E�Wz~-�`�L��7e�Q�wJ/*4�����I�05�)�D/[+{�[l.N
�a)NNN!J
p=s�/�IhI��NX�L� Keck �,pnP,e/B�^� [62] ?�JNsZ�> (85

m) ud 10 m �!Db-&D/�Vor
>�og�wJ�g�& LBTI(Large Bino-

cular Telescope Interferometer) &� [62] ��J 8.4 m �!Db^��N{7�Jud 22.8

m�!Db07r
>�og�wJu�g�_�n�4�7D/A�� Darwin&�A&�I3 6 J�4!Dbu�J\p��'Y�j#Æ2Pr
9��� L2 m�ÆeI(4<!aCr
>�ogao�&� [24] �'��IT�A�g�x(!�A�*-vB07wJr
>�}g
$�og�e�/*�A�6x� �QWkTI



� 16 ���������-�}�W�X������� 27 u�0�J| �oa�b�e=oa�e1�`5N!k �^M!�_Rp (ESO) k0j/*aC! AB Pic [25] og>��ak�<fp�n� TPF �4&� [62] P0&))4�7D/Xa�0)�4e�vBi��A�0
wJr
>�og��_IP�/*�I[�W0��}g�a��1)P�w>��WA0uE^J*zog�(arD4I��<.P��>�Vo^J�[h�-�:a>�r�$�10ogP�:a>��-a.I 30% Q9o�-}g� 20 �(�&P 10 µm ���>�y-}g� 1000 �( [26] �T��rz�.R��>��^J  Pr��Vo� 2003 Z(.� Spitzer �4!DbI{S&x(r���!Db�=nP0oVo>�og�wJu�g�<fp�n�_�nu/Orp�n�x&�7 2013 Z(.� JWST(James Webb Space Telescope) ?V�C~H��YT�46.P=?WPr�P��>�wJr
>�og�gog�~��ao� [62] �L�A0uE^J�/*�_(H! 5 } [60] r
>�ogj�'
�Bu�4&��Wx0e�/*?wJ~G
G$�r
>�og�uE^JW��r
>�og�aoL�Æ�Ig!Q\�p�	� ” �ÆKog (Hot Jupiter) P��>�Vo�g�!7eÆ�p�>�og��^�&h�gxB�=4�~}g�ao;u:4(7�g=�ao-C
�gsrz�'Y��og)447G�W (�0��`�) s "?��7��}r
>�og�(H��j� Swain �� [27] 0k?!Db�~�}r
>�og
(HD 189733 b) �Z��ao�g�(He}ogrz��WoP0�eI��kPr
>�og)(H4�4�e�W (�r
>�7G�Wwl�xB�
2.2 �sr8_C37T~og�'�-0}guog�v�o=�V
~-B
M����J�*	iJ�}g�4)|N!g�'`�"YB4
�pogf;�}g)|�^�J�9s�4\��p� 277 Jr
>�og>��9���mws�F& 200 pc &P 10 pc �V�y4 8 J�!)mYr
%Kg&'v�)|4�P 10 pc ��/
z46ArFIqAC��"p~e�^�PL��4	T��LM^J(DE�>P 0.55 µm 
&h
θ
′′

ν = 140
′′

/D (s� D &!Db�ud� mm &x)) �P��)46be�4�w�ud& 140 m �!Db�Tk/*&�og�~�Gr�Gr}g�e�)|4�kGEG�m���J�* �(H���CZ�}gm/4�r~��r�og��o�IP 10 pc �.$VKx^J�}g�~ 50 } [22] �GzL�0A/*�:4uE(Hr
>�ogzI9sn/*Ix!r
>�og��g�_��!�\VW� Benedict �� [28] Rk�0A/* (IxMUf�) �b!�}r
>�og (Gl 876 b) �~�;�A/*P 55 Cnc e [29]�(Hi[��4��UJ�P'
� SIM (Space Interferometry Mission) wJ&�u��
VLTI (Very Large Telescope Interferometer) wJ&� [62] �4!?J�^�49~H~ 2 J"ACu 20 J"AC [1] P=?4P$�(H�_�n&� 2011 Z(.� Gaia ?4 2J!Dbe7r
�!&y>Z 10 �} (F 1% �) }gVo^Ji� Gaia �Æ�L��IwJr
>�ogzI�0sm���\7}g)|�f��a��H^�\p�=��F0��J�*u�g* (: 2.4 H) (H'p�>�ogV&����~y$og�rY���A�f;�



� 1 q ^�℄Æ	��s�?�phxK0+ �'|l 17�
2.3 �h�k�CL��(H�r
>�ogrD4IA0MUf�*(H��sA�IDe�}g9og�V
~M�̂ J~}g�ao(7!4� (o�)�{}gU���M�=aoU�����{}gD���M�=aoU�����o��9MUf��\>& VR = (∆λ/λ)c
(s� VR &MUf�∆λ � λ 49&oL>P4��uoL>P c&af) ��!Kgur
'Y�6x'�>�P`s.7>�zr
MUf��4�=�F& ±12.47 m/s r
ao�� Hα oL+A4 0.0273 nm �)��-i
mao48�~oL)���rY���pMUf��}g44MUf��
p4�U>D!oI;/4�W�og>��RP 1952 Z Struve [30] k~bMUf�*I��6x��|�f�J�/*;>$!_g>�Vo>���g�RpMUf��J�^�P 1000 m/s HP�%X��p~ 3 m/s [1] ��=nP^�A^�p~ 1 m/s m&��wJ~T��rY�og [23,24,31] �MUf�9�f��
�B9MUB (!���mB) �,AW-��A i�f� V 9MUf� VR �\>&VR = V sin i �{MU9�Bhu= (Face-on) i = 0��~MUf��{MUP�BV= (Edge-on)�~�MUf�kI�f� (V = VR)�}g�MUf�Nn!og�f;3MUf��L�uE�bog�
pY&��n� (�L�n�EZnF�L8D�i.CY) ����Zd�}b��rY��og�(Y~����'�2�&�3xn�$�-��

(as + ap)
3 =

G(Ms + Mp)

4π2
P 2 (1)s� P &og
p3^J�~�}g~� Ms ���	i��|/*�sn/* (!Np~a\>ma�Y&��0}gPz3�)��1���Y&�)���10og~�DY7}g (Mp ≪ Ms  as + ap ≈ ap) ��og�rY�Ix�/[��og�(Y~��

(Mp sin i)3 = M2
s K3(P/2πG)(1 − e2)3/2 . (2)s� K &}gMUf�!=v e �3MUf�TC�xn/[Lb�>*)A/*d��A4*�~�sn��G\w��~ [23,24] �MUf�*uEJ��I}gao�)��fs�js����DZ&4�m�Ps��� 100 l.g. .$V�F 1000}Ær
}g�IwJ�!W�A/*C �wJ~Y��r~��r
>�og�MUf��J�^�nEZ 1 m/s!�!PdY7 0.5 AU�r
>�ogMUf�*?- SIM��&D�!�!Pdr7 4 AU�r
>�ogMUf�*��- VLTI&D [24]�PS��wJ���MUf�*�I��Æ�/*�!7fVr
>�ogwJ&��+A2E{,j�/*�!3�f�%r|��5���<f:3�pr|�,|>�R\r|uKR�,px-� LiJET&�kI�0BV�� ET(Exoplanet Tracker)9f-�,pR/��� 2.4 m !DbhfVor
>�og�wJ>psMU^�Wp~ 1 m/s �& LAMOST(Large Sky Area Multi-Object Fiber Spectroscopic Telescope) �>Y�/?�f��fV>�ogwJ�(W [32] �

2.4 ���Cm��z!hog���AEZ7 90◦(Edge-on) =Q9og?m}g�8Bfi�i�4*uE^J~zIogb��D4a}g�a�(74�	i3J}ga



� 18 ���������-�}�W�X������� 27 u���
ps4�
wJr
>�og!&�g*��g*�+0���4&�J/B�!��p��^�&h�gxB�=4�k^Jk%�d �B9MUBI;VBzI�g.$  P 100 pc V [24] ��y^J~�gHWk���b��Auog�ud�IxMUf���bog�f>~�;Y&?�V&�Jog�'Y�HD 209458 b [33] I0MUf�*(H��}r
>�og�0�g*�~s��A& 86.7◦ ?�& 0.27 g/cm3, 3j� oI�}zuqog�'�/BA0�Ym!Db3M}g� �!4
ps_4�}gO0MUf�*�geÆ,�(H!�\r
>�ogzrD4s�P 1000 pc �)A��z�gT�Vo�e�/*4���nKsuCr�`�s�og>�W;*(H{r[�)v7og��A��!Pd�rY�10og�&B��!Pd&}g!d� 10 (��AIj��Q9o4F 10% �#.m}g8B_i�G��g*K07(Hud-Cr�-CY�r
>�og
=v7s����DZu!a��J�^��e\�<K}!�g*�+0�z�g*�4�1�2Æ-!s�}gZ (�og
p�eÆ��PC��=4V^J$J
p�L�A0�g*(H! 30 $} [60] r
>�ogzI:4(H$og>��8 1 #b! 8 }0�g*(H�r
>�og��G\�6 1 8 [��	DB�?l�~x�	?M=p�rjFX �� M/MJup �r P/d e�#Rf a/AU je/ �B i/(◦)

HD 209458 b 0.69 3.5247 0.045 0.07 86.68

OGLE-TR-56 b 1.29 1.2119 0.0225 0 78.8

OGLE-TR-113 b 1.32 1.4324 0.0229 0 89.4

GJ 436 b 0.072 2.6439 0.0287 0.15 86.5

HD 149026 b 0.36 2.8766 0.0432 0 90

TrES-3 1.92 1.3062 0.0226 − 82.15

WASP-4 b 1.12 1.3382 0.023 0 88.59

CoRoT-Exo-1 b 1.03 1.5089 − 0 85.1A0e�/*VowJ�&�G
G$k?�4!DbPVo SWEEPS(Sagittarius Win-

dow Eclipsing Extrasolar Planet Search)=k0�g�/*(H! 16Jr
>�og�EPOCh

(Extrasolar Planet Observations and Characterization)wJy [62] +
I<fp�nP 2005Z(.:�07�g2g�HP�=�oA0�g*Vo>�og�wJ;PSZ�H8�_xB^J�<fp�n�&�P 2009 Z(. Kepler �4!Db Kepler &��?A0�g*wJ>�ogP=4!(HP$��rY�og�*ff-�4�g� (CNES) �
CoRoT *g7 2006 Z 12 H:�L��_(H! 2 }r
>�og�A&���JÆ�L7kI0�g*P 1.2×105 } 12∼15.5 mag �}g
$VoogwJe�I��J�0�g*wJr
>�og�H^��4&���4a�J��^���p~#�4r#I�B)J�^��#;( [34] � Bordé �� [35] �&CY�Æ�ogÆ�4AP 14∼15 mag �
K2–M2mg
$&Cr�qogÆ�4AP 15∼16 mag � F7–G2 mg
$�CoRoT*g�TWwJ~r
>��qog�WXwJ~CY�Æ�og�>p CoRoT *g?(H



� 1 q ^�℄Æ	��s�?�phxK0+ �'|l 19�P$�qogu#;JCY�Æ�og [64] �'�v��~�I 2003 Z/Orp�nVo�
MOST(Microvariability & Oscillations of STars) &� [62] A&�
ÆA0�g*!>�ogVowJ�g� MOST I/Or���J�4!Db�I{S&x(Y��4!Db (y4P~OrY) eÆ�*g37Y+C
��P=4�!x�}gVoO!3JKx!J��p�r
>�og>�VoPB��g�� MOST &u8�Æ>�ogwJ&�M3=~S!��r
>�ogwJ�g�a+v�M9�
2.5 �z�^vY��C'`g (Source Star) (b�a�uLg=P_i~�& M ��� (Lensing Star) �Z=(7i (:� 1) iA& α = 4GM/c2r� G � c 49&'�O\uaf� r Ig�G\!aL~ M �(Ys���j= M N{7�J	��b
'`g�T!^Jd���A*2r&'`g�8B �I�4�%j^J~�	�4r�s2r.&

A =
u2 + 2

u
√

u2 + 4
(3))C� u ≡ θs/θE(θs !� 1 � 6 SOL � θE ≡

√

4GM

c2

DLS

DLDS
I{kA!+�{kP�

RE ≡ θE ·DL !�%bv!d [36]) -&'"�G\�37'`gu�bgr4�N!M�

� 1 �(��E!�G\ u(t) 9=44\�'`g�TPhu7 OL(^Jd9�b��L) /U)�i�J�%bv!d�=4&A'��b�{k=4℄�� tE 8D��&#�~#
=4�!hIog>�|rP��9'`gr4= (:� 2(a)) '`g�agU��Pog
� 2 �#(��E!� b5�M [3]



� 20 ���������-�}�W�X������� 27 u�>�mPe�(7�j=�iA& α = α1(r1) + α2(r2) (C7 1 � 2 49wog>��}guog) �ogSY�"'��b[+\z=4C���&#JY=�/P�J3}gSY���C��\z=4CP�2r[+r)^J~�'`g�a�%jPC��=4V(7�4!� 2(b) mDI!+�'`ga4�LD ��e�/*w�P=4�3J&&y>�t��4%X$�}g^{'`g (DS ≈ 7 ∼
8 kpc) A��z�3JY&�W%jK07wJP��u&r4�og>� (DL ≈ 3 ∼
4 kpc) �"'��b[+*��J2ÆI�0H4�%X��wJT���rY�og�&wJY~��r��r
>�og!sn/*
a�I3O	T��'�!a��3JP��)mw�0)N!6x	$�Ym!Dbk��w{j��m 20 F+ 90 ZuxBk4r#JeÆ�&� (EROSOGLE MACHO MOA) Vo"'��b[+�wJ;�_3J~)}J"'��b[+ [36] �e�WnI{U�r4���?s�k^J  �%�(Hog>��&j�=���)�

=�$J3JÆ�xv
'Y3J��3~S�4 �3J�! PLANET &�kIs�r��GzL�0e�/*�(H 6 }r
>�og��}Y~��r��r
>�og (OGLE-05-390L b) [65] kI0e�/*(H��
3 �t���qi�6�og��
�7�4�
�4Æ+,�ar
>�og��{k?s4Yri.og�ZB�oguÆ 51 Peg b og$Æ�
3.1 �;�`���(H�r
>�og�{$�i.Crs�(r� HD 80606 b �i.p
0.927 �+,?�i.r7 0.1 �>�ogW&ri.ogs\LI�pr
>�og�($�V4 251 } [60] �37i.CrZ0MUf�*�~�s�}gMUf��L�OIEZnF�n��!� 3(a) I 16 Cyg B �MUf��LAog>��og��i.& 0.68 �� 3(b) Isog 16 Cyg B b ��9r
>Vog��-C{EGe�ri.�A�og8B�+�4�{r�Kx7G�nY9(W�ri. �'v>���1�s [39,40] 
=��P�g���=+A{,og9

� 3 16 Cyg B �NVg��M tph?�d�E!� [38,60]



� 1 q ^�℄Æ	��s�?�phxK0+ �'|l 21�A}g (Rp) ��ogr4�'�N�-0� Chambers [41] P 1999 Z~b��e�Zs�N�-0��x`h*A� N �\vHYPe/B��g4!{r�VW�!og>��nYu��L�-CT��IrogPognYi[�v���-0�4�Jr~�og�$og>�sWn��1��oP#��Z6z)�Zr��(7�1rog��\Yog%.~|Z}g�CY�&'�\U*%.bog>� [42] � 16 Cyg B bi.r�A%4��&IogREPA}g�nY��	iJ��}��~ri.��u&e��}{�WI 16 Cyg A �'�-0 [31,43] �$og>����PpVh��(CY���i.&�TTnK7)Y_g���
3.2 �X�L<��r
>��ogd`g��i.��~ 0.1 %jog8B�+�4�N!7ri.�B�og&�CY�	O��i.Y7 0.1 �ogW&ZB�og�r
>�og�eÆYi.ZB�og!h)7�m�
��U4�I�=\�!W�&P�p�r
>�og�eÆog�\�{+s��}gP 0.2 AU(��%\o=�i.) r��rFy4 10% ��&ZB��&��)bH7G{r[�)�#7Kg`guH�8B?��L����0�g626P����=Q~r
>�Rp;�TS�eÆ�W;
�42g�dIsn������7GPeÆ��aCI��WnYu(W��Pr
>og�[Æ}�) (~�r) �Kg��	%�
|Z�B�Æ�ogM7G�nYu(W~S�JN!1���a�Æd�Ps�}g 0.3∼4 AU r�!h:4�}r~��og�+)��bdoP7G��Ws [24] ��p�r
>�$og>��P 4 AU r�4Kg~�rY�og>��-C+�%&(YR�MUf�*!r~�Y��og&D&�Cr��og
pPw�P=4�3Je�IPs��}gCD��/:4(HÆ�og�A%�
3.3 �\ 51 Peg ��

51 Peg b I��JPr
>�Ær
}g
$(H�ogo��-Cu{s��}g 0.05 AU (
p& 4.23 d) &~��OKgN�$�3=����eÆ� 51 Peg b &u8�	� ” �r
>�og�~�rYB4& Hot Jupiter � Hot Neptune L��(H 60$}eÆ�>�og�o=�
pm#�~#
���!PdCY~�P 0.03∼4 MJup.$V8B+�F 1000∼1500 K �eIognY�1m:4>:~� [24] �=~b��10LLe�HW��10��&ogIPs�A}g�CD��/nY�r�	iJ��}~�~HP�)|���10�&ogTA}g�&XUV~�T=�u�i�G
Gr~�=�x�'��U�&og>��}g9ogr4�'�N�-0�W}{�Jog%.bog>�t$D4W�'��ogU(PCY�i� [24,44,45] ���1a���W4D4og9}gN�P���<Ce�G<�s[+4�W*wJ~�eÆog3OEZ�}g4Cr#.(7�gHW�0�g*uMUf�*���~o=�udu?�V&� og�'Y��g(HeÆog�mwud-Kgr 40%*5�mw?�rFI 0.35 g/cm3 F&�g��!�Æ�5~�W9r
�Kg� (�um)Æd�sk!hog4rzP(7�g=a~�ao4:OL	i!-���gogrz�'Ye-�|?���J�|�$!o=��g4�7!Log�nYu���
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The Detection Methods and Statistical Characteristics of Exoplanet

ZHANG Niu1,2, JI Jiang-hui1
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Abstract: Since the first extrasolar planet was discovered in 1995, the detection and research

of extrasolar planets has taken a big step forward in the last decade. To date, more than 270

planets orbiting solar-type stars were discovered, 62 of which were reported in 2007.

The detection method developed rapidly. The paper briefly introduced several dorminant

detection methods (e.g., Direct imaging, Astrometry, Radical velocity, Transit and Microlensing)

of extrasolar planets. The radical velocity technique is most popular. It could yield all orbital

elements except the orbital inclination. Most of the known planets were revealed by this method.

Additionally, if the orbital inclination was obtained by transit/astrometry, then we could infer the

composition of the extrasolar planet by computing their density. The Direct imaging is powerful.

The spectrum of extrasolar planet could give direct clues of composition of the planet; however

the measurement is very challenging. The planetary system can be detected far beyond our solar

system even the planet is pretty smaller as our Earth, by using Microlensing method. The detailed

principle and advantages/disadvantages of each method were discussed and the latest progress

was also presented.

The paper classified the known extrasolar planets into three categories (Planets in oblate

orbit, Planets in quasi-circular orbit, 51 Peg-like planets) according to their orbital characteristics.

In addition, the paper made a statistical study of the extrasolar planetary system using the latest

data. The data shows: (1) mass, radii and distance from earth of the known extrasolar planets’

center star are gathered, obviously this is a selection effect; (2) center stars with higher metallicity

have more probability of harboring planet; (3) orbital characteristics of known planets are not

the same as the theory predicts based on classical planetary formation, many of them have larger

eccentricity and/or small semi-major axis; (4) distribution of known planets in a-e space is likely

to imply some information on planet formation and/or evolution; (5) orbital inclination was not

easy to obtain, and the known orbital inclination of extrasolar planets are all concentrated in

(25◦ − 55◦) and (75◦ − 95◦) region. Finally, the orbital configuration and stability in multiple

planetary systems was simply discussed.

With the development of Planetary Physics and Astrobiology, enormous works have been

devoted to the study of extrasolar planets. There will be a prospective era of extrasolar planet

in the near future.

Key words: Astrophysics; Extrasolar planets; Detection methods; Statistical properties


