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ÚO§<���uy
 700 õ���X	1("

�u�8�*ÿEâY²§8cuy�ý�õê��X	1(Ñ´äké��þ�ã.

1( [9]
§Ø·uaqu·�/¥þ�)·/ª)�"nØïÄL²§��X	aqu/¥�

��1(ÊH�3"/Ïu#�Eâ§kF"uy�õ�·Ü)·)�!�/¥�q�1(§

=��X	a/1("

8c®²kõ«�{&ÿ��X	1(§Ù¥Ì���{µUNÿþ [10]
!UN1Ýÿ

þ[11]
!Úå�ßº [12,13]

!óÀ(O� [7]
!��¤� [14]

!À��Ýÿþ [15,16] �"�uÀ��

Ýÿþ´�«ÏLÿþ1(éð(6Ä5m�&ÿ1(��{§§¤·^�&ÿé�'�2

�§Ïd�Ù§��X	1(&ÿ�{�'�§À��Ýÿþuy���X	1(�õ"3

8c¤uy� 700 õ���X	1(�¥§k 500 õ�´ÏLÀ��Ýÿþuy�"�©ò

3{�0�À��Ýÿþ�n�Ä:þ§X0�Cc5<�éù«ÿþEâ�U?"

2 UNÀ��Ýÿþ{0

@3 20 V 50 c�§�â��À��Ýÿþ�EâY²§{I�Æ[ÒJÑ?1UN

�p°ÝÀ��Ýÿþ [17]
"À��Ýÿþ�Ä��nXã 1 ¤«"�1(7ð(=Ä�§Ù

Úå�^3ð(þ§¦ð(�7Xð(Ú1(��Ó�þ¥%M ^="ð(�$Ä3*	

����Ý©þ§=À��Ý§́ ��d1($Ä±Ï¤û½�±Ï&Ò§ÙÌÝ���d

ð(��þ!1(��þ!ð(�1(�ål!1(;�²¡{��*ÿ���Y��ëê

û½"�â©z¤Jø�À��ÝO�úª [18]
§éu�����ð(§7(3 5 � AU ål

$Ä�§ð(À��Ý�ÌÝ� 12.7 m·s−1
¶°�(3 1 � AU ål$Ä�§ð(À��Ý

�ÌÝ� 1.5 m·s−1
¶�?/¥ (5 ��/¥�þ)3 1� AU ål$Ä�§ð(À��Ý�Ì

Ý� 0.45 m·s−1
¶/¥3 1 � AU ål$Ä�§ð(À��Ý�ÌÝ=� 9 cm·s−1
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ã 1 À��ÝÿþÄ��n

L 1 ï¤93ïp©EÇ1Ì¤�À��Ýÿþ°Ý

1Ì¤ ¤áU©� �� "�º�»/m À��Ýÿþ°Ý/m·s−1

SOPHIE OHP {I 1.93 3∼4 [19]

HARPS ESO �| 3.6 1 [20]

HIRES KECK {I 10 2 [21]

ESPRESSO∗ ESO �| 8.2 0.10 [22]

CODEX∗ ESO �| 39.3 0.02 [23]

∗

3ï1Ì¤"

3 U©1Ì¤½5�Jp

lL 1 ¥·��±wÑy3�3ïE�p©EÇ1Ì¤§ÙÀ��Ýÿþ°ÝÑ´±

cm·s−1 �8I�"�âõÊV�A§=¦´éup©EÇ1Ì¤5`§d«À��Ý¤Úå

�1Ì £3 CCD �¡þÑò´4Ù���"~X§éu�� R = 70 000 ��F1»1Ì

¤§3? D ��Å�þ§1 m·s−1 �À��ÝCz¤Úå�õÊVª£3CCD �¡þ��

�u�� 12.5 µm CCD ��� 1/3 000[24]
"du§ÝCzE¤�9)ä½Â òÚå1Ì

¤S�) CCD �¡3S��«���Ônº�u)Cz§1Æ���1ÆA5�ò�§Ý

u)Cz¶,	�íØå�CzòE¤1�ÏL�í)Àæ.¡�ò�L§u)Cz"¤k

ù
CzÑòÚåÿþ1Ì�¤£"XJØ\±��§ù
¤£òùXÀ��Ý¤Úå�1

Ì £"

8c<�Ï~æ^ü«��5~�Ôn�¸é1Ì¤�K�"1�«´ò��1Ì¤�

uý�¿¥"�1Ì¤�uý�¿�§Äk§¤?��¸Øå�±ð½¶Ùgdu"yíN

�9D�Úé6§¤ì�9½5���
éÐ�Uõ"æ^ù«�{��L´ESO ;�
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�O^uÀ��Ýÿþ�HARPS§ÙØå½Ý� 0.01 mbar§§Ý½Ý� 0.01 K[20]
"g

l§Ý\*ÿ±5§®²��
`É�¤J§3�cÏLÀ��Ýÿþ&ÿ��X	1(+

�§kXÞv��/ "�3ïE¥� ESPRESSO �æ^
aq�ý�¿�O§ÙØ

å½Ý�¦�� 0.001 mbar§§Ý½Ý�¦�� 0.001 K[22]
"

,�«�{´ò1Ì¤�u��ð§!ðØ�¤ìí¥"ÏLUõ¤ìí��9¿é

¤ìíS?1§ÝÚØå��5��Jp1Ì¤½5�8�"æ^ù«�{�Ð?´E

d�$"�I�é1Ì¤?1N��§��ý���{§N!{B"æ^ù«�{��L´

PEPSI§ÙØå½Ý� 0.1 mbar§§Ý½Ý� 0.1 K[25]
"éuù«ð§!ðØíó��ª

��\ïÄ�3?1¥ [26]
"

4 ykp°ÝÀ��Ýÿþ�1Ì½IXÚ

�
°(ÿ½1Ì�õÊVª£§p°ÝÀ��ÝÿþÑI���1Ì½IXÚ"3�

�1Åã§8c~^�À��Ýÿþ½I�{kµ9áÂÌ�½IÚo��ÓÚ½I"

@3 20 V 70 c�§<�ÒJÑòI�ÿþ�UN1ÏLáÂ0��2\��1Ì

¤þ§|^áÂÌ�5��¤ì¤Úå�UN1ÌÆC [15]
"²LéØÓáÂ0��é'§

<�uy9´�«éÐ�á� [27]
"æ^9áÂÌ�½I�äN�{´ò��¹k9�í

�áÂÝ�\�"�ºÚ1Ì¤�m�1´¥§l"�º5�UN1ßL9Ý?\1Ì¤"

|^9�ð¥9�°(áÂÌ�5�UN1Ì½I"æ^ù«�{�`:´µ9�áÂ'

�r§éu 1/100 �íØ�9�ð§9Ý�1§�I�A�f�§¦^{B¶Å�CX��

500∼630 nm§¿Pkv
õ�A�Ì�^5?1½I¶,	9��S�!zÆ½§�äk

���@¡5"ù«�{�":´µ9Ýéd"�º|8��UN1k���P~§Ó�9

�áÂÌ°Ýk�§ØUCX����1��"HIRESÚ@Ï�HARPS Ñæ^ù«�ª?

1Å�½I§HARPSÝ\$1�ØÈÒq,?æ^
eã�Å�½I�{"

o��ÓÚ½I´òdo���)�IOÌÏL1nÚd1nl"�ºÚ5�UN1

Ó�Ý��1Ì¤�\�d¿þ§òUN�1ÌÚo���IOÌP¹3 CCD þ§|^o

���Ì5�UN1Ì½I [28]
"ù«�{�`:´1ÌCX��° 310∼1100 nm§":´

o��g��(���
§��Ï½5"3o�����ó�Æ·Ïm§o��Ì��Å

�ÚrÝÑ¬u)���Cz§?Ú\ÿþ�XÚØ�"8c§SOPHIEÚ HARPS Ñæ

^
ù«Å�½I�{"

ØØ´9áÂÌ�½I{�´o��ÓÚ½I{§Ñ�3Ì��m©ÙØþ!!Ì�r

Ý�É��!�Ï½5ØÐ�": [29]
"üö���":´¤U¼��À��Ýÿþ°

ÝÑ®²�CÙ&ÿ4� (m·s−1 þ?)§éJ÷v&ÿ��X	a/1(¤I�°Ý�¦"
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5 #��p°ÝÀ��Ýÿþ�1Ì½IXÚ—— -1ªÇÎ

21 VÐ§-1ªÇÎEâ�uÐ§��/Jp
1ÆªI�°Ý [30,31]
"-1ªÇÎ

±£��áóÀ-1ì�Ø%Ü�"�áóÀ-1ìæ^£�Eâò-1nS�þ�p�£

½§Ù�ª(J´ÙòÑÑ��3��þþ!©Ù�óÀS�§Ù¥óÀS�¥z�óÀ�

°Ýdª�¥���Ì°Ýû½§z�óÀ�m�m�d-1ì�n�û½§Ó�-1ì�

n��û½
ªÇ�¥�p�m� frep"

ã 2 -1ªÇÎÄ��n

(a) ��µJ���¦óÀ�ä§¢��óÀ>|¶(b)ª�µç¢��ë�£��p�

ã 2 ´-1ªÇÎ�Ä��n"ª�¥z�p��ªÇ�µ

fn = n × frep + δ , (1)

δ �Ð©ªÇ £"�)Ð©ªÇ £��Ï3u§-1��nS�áóÀ��ä±+�Ý

DÂ§óÀ�äS�1Å>|´±��ÝDÂ"1óÀ3-1��n¥zDÂ��§1Å

>|ò�éuóÀ�äk���£§ù��£ò��Ð©ªÇ £µ

δ = ∆φfrep/2π . (2)
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éuÊÏ��áóÀ-1ì§frep �±ÏLN!-1ì�n�5°(��§�´ δ �ÿþÚ

���3�½�(J§Ïd fn ò3�½��S¤£"°(/ÿþÚ�� δ ´¢y-1ªÇ

ÎEâ�'�"æ^·��Eâ§�±¦-1ªÇÎ�1Ì°Ý�����ª§±þ"d�§

ò u1ÌáÅ����pª&Ò

f2n = 2n × frep + δ , (3)

Ú u1Ì�Å��� fn ��ª&Ò

2fn = 2(n × frep + δ) , (4)

?1ûª§¿?1·��ÈÅ§òU��Ð©ªÇ £ δµ

2fn − f2n = 2(n × frep + δ) − (2n × frep + δ) = δ . (5)

�âÿþ� δ§ÏL��-1ì�"ËõÇ½-1��nS�ÚÑ [32]
§U
��½ δ �8

�"du δ Ú frep ÑU�°(/£½�XÚS��f¨þ§äk� δ Ú frep �Ó°Ý� fn

U
^5?11Ì½I"du-1ªÇÎÌ��mm�þ!§Ì�rÝ�ÉØ�§1Ì�±

CX����1��§Ó��äk�Ï�½5ÚéÐ��E5§Ãõ`:¦Ù�~·Ü

^5?1U©1Ì½I [33]
"-1ªÇÎEâ¼� 2005 cì��ø��ØÈ§<�ÒÈ4m

©&¢Ù3U©�¡�A^"

�â-1ªÇÎg��°Ý§<�ýOÄud�Eâ�À��Ýÿþ°Ýò�� cm·s−1

þ? [34]
"2008 c§�Iê�d–ÊK�þf1ÆïÄ¤ (MPQ) � ESO Ü�ò-1ªÇÎ

SC��Iý���©"�ºþ§̂ u*ÿ��1Ì§Xã 3[35]
"ã¥XÎ¸Gü����§

=�-1ªÇÎ�)�½I1Ì"3ù�Cù	ó��Ä:þ§2010c§¦�^-1ªÇÎ

� ESO ó�u��1Åã�HARPS ?1½I§��
 15 cm·s−1 �E½I°Ý [36]
"

�-1ªÇÎÏ~�u 1 GHz �p�m��'§y�p©EÇU©1Ì¤�©E�+

�,�©k�"±Ùyk�©E�+§�k�-1ªÇÎ�p�m��� 10 GHz ±þ�§

1Ì¤âU©E"�d§NõïÄ�|Ñ3?1Ø��ãå§ÏLJpp�m�±·Ayk

1Ì¤�©E�+"@3 2007 c§�Iê�d–ÊK�ïÄ¤|^��1n-1ªÇÎ (p

�m� 250 MHz)§ÏLn	{Ùp–]Ûnò�m�Jp� 15 GHz[37]
"æ^òü�{Ù

p –]Ûn?é§�±ò>�³�'Jp� 70 db[38]
§l?�ÚJp½I1Ì��þ"�

é{Ùp –]Ûn¤Ú\�Ì�£Ä§7Læ��A���?1?�§±�y cm·s−1 þ?�

½I°Ý [39]
"�æ^{Ùp–]Ûn?1�m�Ð°ØÓ§�kÙ§Eâ�±���)äk

�p�m��1Ì"2010c§{IMÃ�ÆÚMIT �ïÄ�|ï�Ñ3��1��S§

EªÇ� 20∼50 GHz �-1ªÇÎ [40]
"±���n�Ä:�1ÆªÇÎ��±3�¡��

�NÈS���) 10∼1 000 GHz �m��1Ì [41,42]
"

Cc5·I�-1ªÇÎEâ�k
�v�uÐ"¥��Ôn¤ï��v��-1ªÇ

Î�p�m�®²�� 350 MHz§óÀ°Ý�u 10 fs§½5Ú°(Ýþ��ISk?Y

²[43]
"�®�Æï����1n-1ì�p�m����
 220 MHz[44]

"
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ã 3 -1ªÇÎ½I���1Ì§þã�ÛÜ��

8cÀ��ÝÿþÌ��´æ^9áÂÌ�Úo��ÓÚ½I"lÀ��Ýÿþ�uÐ

ª³5w§æ^-1ªÇÎ��1Ì½I§mÐÙ3��X	1(&ÿ�¡�A^ïÄ§

ò¬¤�À��Ýÿþ�e��ïÄ9:"

6 o(�Ð"

p°ÝUNÀ��Ýÿþ§AO´��X	a/1(&ÿ´�cU©ïÄ���9:"

l&ÿ�EâÃã�¡5w§��¡§<�ÏL�«�ªJpU©1Ì¤�½5§±(�

UNÀ��Ýÿþ�°Ý"¡é��X	a/1(&ÿ����¦§XÛ��U©1Ì¤�

ó��¸§¦����¦§E´<��3ïÄ����K",��¡§-1ªÇÎEâ�F

ª¤Ù§�À��ÝÿþJø
��p°Ý�1Ì½I"ò-1ªÇÎEâ�"�ºÚ1

Ì¤kÅ/(Üå5§¿©u�-1ªÇÎ�ã�då§¦-1ªÇÎEârÑ¢�¿§ý

�/Ý\�U©*ÿ¥§�´8c���:ïÄ��"�X���'Eâ�â»§<�ò

uy�õ���X	a/1(¿UéÙ?1�\�ïÄ"



2Ï ñ²�§�µp°ÝUNÀ��ÝÿþEâïÄ?Ð 2532Ï ñ²�§�µp°ÝUNÀ��ÝÿþEâïÄ?Ð 2532Ï ñ²�§�µp°ÝUNÀ��ÝÿþEâïÄ?Ð 253

ë�©zµ

[1] Dominik M, Zarnecki J C. Philosophical Transactions of the Royal Society a-Mathematical Physical and

Engineering Sciences, 2011, 369: 499

[2] Cocconi G, Morrison P. Nature, 1959, 184: 844

[3] Drake F D. Physics Today, 1961, 14: 40

[4] Tarter J, Ackermann R, Barott W, et al. Acta Astronautica, 2011, 68: 340

[5] Penny A. Astronomy & Geophysics, 2011, 52: 21

[6] Latham D W, Mazeh T, Stefanik R P, et al. Nature, 1989, 339: 38

[7] Wolszczan A, Frail D A. Nature, 1992, 355: 145

[8] Mayor M, Queloz D. Nature, 1995, 378: 355

[9] Butler R P, Wright J T, Marcy G W, et al. ApJ, 2006, 646: 505

[10] Benedict G F, McArthur B E, Forveille T, et al. ApJ, 2002, 581: L115

[11] Charbonneau D, Brown T M, Latham D W, et al. ApJ, 2000, 529: L45

[12] Mao S, Aczynski B. ApJ, 1991, 374: L37

[13] Bond I A, Udalski A, Jaroszynski M, et al. ApJ, 2004, 606: L155

[14] Serabyn E, Mawet D, Burruss R. Nature, 2010, 464: 1018

[15] Griffin R. MNRAS, 1973, 162: 243

[16] Campbell B, Walker G A H. PASP, 1979, 91: 540

[17] Struve O. The Observatory, 1952, 870: 199

[18] Cumming A. MNRAS, 2004, 354: 1165

[19] Perruchot S, Kohler D, Bouchy F, et al. Ground-Based and Airborne Instrumentation for Astronomy Ii, Pts

1-4, McLean IS, Casali MM, eds. BELLINGHAM: SPIE, 2008, 7014: J140

[20] Rupprecht G, Pepe F, Mayor M, et al. Ground-Based Instrumentation for Astronomy. BELLINGHAM:

SPIE, 2004, 5492: 148

[21] Vogt S S, Butler R P, Rivera E J, et al. ApJ, 2010, 723: 954

[22] Pepe F, Cristiani S, Rebolo L R, et al. Ground-Based and Airborne Instrumentation for Astronomy III.

BELLINGHAM: SPIE, 2010, 7735: 77350F

[23] Pasquini L, Cristiani S, Garcia L R, et al. Ground-Based and Airborne Instrumentation for Astronomy III.

BELLINGHAM: SPIE, 2010, 7735: 77352F

[24] Grupp F, Udem T, Holzwarth R, et al. Ground-Based and Airborne Instrumentation for Astronomy III.

BELLINGHAM: SPIE, 2010, 7735: 773573

[25] Strassmeier K G, Woche M, Ilyin I, et al. Ground-Based and Airborne Instrumentation for Astronomy II.

BELLINGHAM: SPIE, 2008, 7014: N140

[26] Grupp F, Brucalassi A, Lang, F, et al. Techniques and Instrumentation for Detection of Exoplanets V.

BELLINGHAM: SPIE, 2011,8151: 815119

[27] Marcy G W, Butler R P. PASP, 1992, 104: 270

[28] Baranne A, Queloz D, Mayor M, et al. A&AS, 1996, 119: 373

[29] Murphy M T, Udem T, Holzwarth R, et al. MNRAS, 2007, 380: 839

[30] Holzwarth R, Udem T, Hansch T W, et al. Physical Review Letters, 2000, 85: 2264

[31] Udem T, Holzwarth R, Hansch TW. Nature, 2002, 416: 233

[32] Jones D J, Diddams S A, Ranka J K, et al. Science, 2000, 288: 635

[33] Braje D A, Kirchner M S, Osterman S, et al. European Physical Journal D, 2008, 48: 57

[34] Li C H, Benedick A J, Fendel P, et al. Nature, 2008, 452: 610

[35] Steinmetz T, Wilken T, Araujo-Hauck C, et al. Science, 2008, 321: 1335

[36] Wilken T, Lovis C, Manescau A, et al. MNRAS, 2010, 405: L16

[37] Schmidt P O, Kimeswenger S, Kaeufl H U. ESO ASTROPHYSICS SYMPOSIA, Kaufer A, Kerber F, eds.

BERLIN: SPRINGER-VERLAG, 2008: 409

[38] Steinmetz T, Wilken T, Araujo-Hauck C, et al. Applied Physics B-Lasers and Optics, 2009, 96: 251



254 U © Æ ? Ð 30ò254 U © Æ ? Ð 30ò254 U © Æ ? Ð 30ò

[39] Li C H, Glenday A G, Benedick A J, et al. Optics Express, 2010, 18: 13239

[40] Benedick A J, Chang G Q, Birge J R, et al. Optics Express, 2010, 18: 19175

[41] Del’Haye P, Schliesser A, Arcizet O, et al. Nature, 2007, 450: 1214

[42] Kippenberg T J, Holzwarth R, Diddams S A. Science, 2011, 332: 555

[43] Zhang W, Han H, Zhao Y, et al. Optics Express, 2009, 17: 6059

[44] Ma D, Cai Y, Zhou C, et al. Optics Letters, 2010, 35: 2858

The Progress in High Precision Astronomical Radial

Velocity Technique

JIANG Min-da1,2,3, XIAO Dong1,2, ZHU Yong-tian1,2

(1. National Astronomical Observatories / Nanjing Institute of Astronomical Optics and Technology,

Chinese Academy of Sciences, Nanjing 210042, China; 2. Key Laboratory of Astronomical Optics and

Technology, Nanjing Institute of Astronomical Optics and Technology, Chinese Academy of Sciences,
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Abstract: Discovering extrasolar planet has been pursued for a long time. Since the detec-

tion of the first extrasolar planet was reported two decades ago, over seven hundred extrasolar

planets were reported. Although the new technique is emerging, the radial velocity measure-

ment is still the most productive technique for extrasolar planet hunting. As the earth ‘twin’

is becoming the next goal, the precision of radial velocity measurement has to be dramati-

cally improved. First of all, varies techniques were adopted to guarantee the stability of an

astronomical spectrograph. One successful spectrograph is the HARPS, ESO operating in a

vacuum tank. Another effort is put the spectrograph into a regulated instrument case whose

temperature and air pressure are kept constant, like the PEPSI spectrograph. In the last

decade, the laser frequency comb emerges as an ideal calibration source for the astronomical

spectrograph. Based on a femtosecond laser referencing to a stable oscillator such as atomic

clocks, the laser frequency comb could generate evenly distributed calibration lines in a wide

spectral range with the precision of absolute frequencies better than 10−10. It would ensure

the precision of radial velocity measurement achieving centimeters per second, much better

than current precision, meter per second. As a broad range of laser frequency combs suitable

for astronomical application are developing in the laboratories around the world, and the

radial velocity measurement calibrated with laser frequency comb would bring more earth

‘twin’ into our scope in the near future.
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