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1. Johnson-Cousins-Glass UBVRIJHKLM system

U B V R I J H K L M

λeff (nm) 367 436 545 638 797 1220 1630 2190 3450 4750

∆λ (nm) 66 94 85 160 149 213 307 39 472 460
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1.2.1. zj{}|

• “UBVRI photometric standard stars around the celestial equator”

Landolt 1983, AJ, 88, 439

UBV RI,7 < V < 12.5

• “UBVRI photometric standard stars in the magnitude range 11.5-16.0 around the celestial equator”

Landolt 1992, AJ, 104, 340

UBV RI,11.5 < V < 16

• “Homogeneous Photometry for Star Clusters and Resolved Galaxies. II. Photometric Standard

Stars”

Stetson 2000, PASP, 112, 925

UBV RI,8 < V < 22

• ”The u’g’r’i’z’ Standard-Star System”

Smith et al. 2002, AJ, 123, 2121

u′, g′, r′, i′, z′, 8 < r′ < 14

1.2.2. ~������
• “Infrared standard stars”

Elias et al. 1982, AJ, 87, 1029

J, H, K, L, H2O, CO, 1 < K < 8

• “Standard stars and calibration for JHKLM photometry”

Wamsteker 1981, A&A, 97, 329

J, H, K, L, M , 0 < K < 4

• “JHKLM standard stars in the ESO system” Bouchet et al. 1991, A&AS, 91, 409 J, H, K, L, M ,

1 < K < 7

• “Northern JHK Standard Stars for Array Detectors”

Hunt et al. 1998, AJ, 115, 2594

J, H, K, 8.5 < K < 14.0
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• “A New System of Faint Near-Infrared Standard Stars”

Persson et al. 1998, AJ, 116, 2475

J, H, K, KS, 10 < K < 12

• “JHK standard stars for large telescopes: the UKIRT Fundamental and Extended lists”

Hawarden et al. 2001, MNRAS, 325, 563

J, H, K, 9.4 < K < 15.0

• “JHK observations of faint standard stars in the Mauna Kea Observatories near-infrared photometric

system”

Leggett et al. 2006, MNRAS, 373, 781

J, H, K, 9 < K < 15

1.3. �D�F�
·�� ���W�>� �0�E+' Z�[�� @vBD%/������d�e�(�)'����d�e
(instrumental magnitude)

M Z QsB8��R+YWB� J���W0�E+Ç �È�É ;<�/d�e�'/{��D:8�&%�$�'�(�)40�E�F�G�H��/.�0A P~N1#9 �`�s��� M ® � �!�  f�²¯�R?YtB� tÿ`;'�:�Mr)
minst = m0 + c1 + c2F (z) + c3(m − m′) (1)M���U��/RëY�Y6;

minst

(/.�0 b )
m0

(�F�G�0�EjÇ ��È�É ;D�������/;D���/R c2F (z)
( �D�J���L��� '�)

c3(m − m′)
( ®���� '�g=:8�f�?;<���/R6F�G�Hn�/.�0Do�@-h�� c1, c2, c3

kJ>+I4BDQ�)�b6�/����� �D�s���
z
M ® (m − m′)

o�@�Y2163
m0

kL"jI��/R
1.3.1. �P�����!�x��1� .�0D;<(�)L������6#7������n' Z �W��EA =÷#8D:?�W°!±`k<���/R6��E��n(/�����/E?k=~�Ü`:8�W������/EP��¥n'/¨�©D:8�/RjY4�/E
��¥n'/���}���f 

(
ÿ

(1) ¡ F (z) ¢�£�¤ � ) ¥'¦W§�¨�©oªf«�¬®­
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zenith

atmosphere

3
2.

1 2 sec z

m-M

0.0

0.5

1.0

Observation on a single night
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¼�½ ¥f¾�¿�¾�ÀÁª ��Â}Ã�Ä ¦}§'¨�©PÅ F (z) = sec z (z Å�Æ�Ç�È ) É#Ê ³�Âx� ( Ë 2) ­SÌ!¡�Í
Î1Å z < 60◦¡�Ï�Ð�É}Å!ÑÓÒ�Ô¸Õ�ª ³�ÂPÖ « � ∗ ­oÌ�¡�ª'× Ä ¼
½�Ø�Ù ¡!Ú�ÛSÅ�Ü�ÝxÉ'Ê � Ì}ªaÞ�ÉS× � ­
mλ,inst − Mλ = aλ sec z + bλ

∗ ß�à�á�âäã#åPæäç#è#é�ê�ë�ìxí!îäïMá z > 60◦ á�ð�ñ
òôó#õ�ö�õ'÷�øjùjñ�ú�òûðxü�ýfþfÿ���ñ����Pöjù�� ì
F (z) =

[

sec z − {1.8167(sec z − 1) + 2.875(sec z − 1)2 + 0.8083(sec z − 1)3} × 10−3
] ö	��

����á�������ñ���ò+ðñ (Hardie, R. H., 1962, “Astronomical Techniques”, p178-208) �
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ÌPÌ�É mλ,inst Å
£ ����� λ ¢��M« Ö�� �"!$# ¡&%('*)�+�¤	, - Ä Mλ Å�¯�° � Ù/. ©�021}¡�, -¸É¸£ � ­Ì�¡!Ý43�¡ aλ, bλ ¥ Ä�� Ù ¯�°
±S¡ �"� ¢x¹65 Ö�7�8W� Ì}ª�¢�· � ­ aλ Å�Ý 1 ¡	9�: c2 ¢�; �}�1� ­
£ �
�"��< ¢!¯�°�±c¥ ³6=2>�= ·!Æ
Ç�?"@WÉ �"� +�¤�ª'× Ä Ë 3 ¡x¹x¬a·2A B(CEDôÞ�ÉS× � ­�¦W§j¨�©Þ ¼ ×$F�· � ¢'Õ Â Æ�G1Å6HIF�·:Ò Ä mλ,inst −Mλ Å ¼ ×$F�·J5 Ö «KF ­�Ì!¡�L�M�¥�N	O}É*P�Q�CRDS+ Ä6T× aλ ªVU W bλ ¥ 7�8}� ­
aλ ª bλ Þ 74=
� ª Ä��"� +�¤�«�Æ"G�¡�Æ
Ç�?"@YXIZ ¼
½�Ø�Ù ¢	; �1�\[�] ^ ∆mλ = aλ sec z + bλ Þ�_` É�× � ­�+SX4+ Ä aλ ª bλ Å ���6aIb ª�¢ Ä����dc�b ª�¢ º�» + Ä�e +SX �x� ª�f2g
¡%¬\h�¢ e�º�i + Ö« � X e + Â ·�«�­jN&OYXIZf¡�k Â ¡�l2m	n"o�pc¥�' Ö 'YqSª Ä(�"��r"s ¡ º
» ( txÞ&uv5�¤�XIwP¬�XM·
w ) Þ�LYX(q�l e £2q�­ = ¤ Ä aλ ª bλ ¡ ^ Å ���Kb ª�¢�x�·2q�¤ 8!Ä\� � +�¤�«�y Ö ¡ ����z É�{ 8 ·"|ÂWÃ ·/Z�·�«�­}j~ ¡ �"��Ä�� ¢�� Ã q�¡x¹x¬�· ¼���� � É}Å Ä Ë 3 ¡x¹x¬f¢!¯�°�±c¥
��:j� �"� ��q
�"��Å�·�«�X e
+ Â ·�« ( ���P·�l2mjÞ}£ Â¸ÃR� ¶�Æ"Gc¥ �"� +�¤�« ) ­j+�X/+�9�:�¡	{�����@c¥��2� q Ä Õ = Ò � ¶�Æ"G¡ � Ù ��@%¥
��F��jq�¤ 8 ¢�Å�¤IF ³ �'¯�°
±%¥ ��� �(q\�6�¸ÞW£ q�­��&��·&_Y�x¥�¤ Ö q�ª Ä ¯�°
±S¡�"� Þ6fJgP¡�� L�F�Za«P¡6l2m}¥
�>¬ Ä ªf«�¬'Ì}ª�¢ e · Ò�X��W·�«�­"�xÌ�É Ä Æ G�¡jÉS×�q6�"|�Í�Fä¢£2q (

e +jFqÅ����� E¡f¦W§�¨�©W¢�£2q ) ¯�°�±c¥ Ä ÉS×�q�� | � ¶�Æ"GS¡�N�¢ = ¤
Å�N�£$¤ 1 @$�"| (
e

+�FäÅ�¢�£ 2 @ )
� � + Ä ��¥#¯�°
±E¥ ¼M½
Ø�Ù ¤	;*�jq [�]2^4¦ �"¥ ="=j� ¶�Æ GR¤ e�§J¨ �jq Ä/©\ª«V¬"­ Þ�®¯Z Â qWÌ ©�e�° q�±

²"³ ´Jµ ��É�¶*·(¸ � Ù ¯�°
± ¦�¨(ª ¸	¹ ] Å “ º"; � Ù ”
©
»}ÃjÂPÖJª q�±6f ¬ Ä�� ¤�Í ¼2½"OR¥ �� ÉMÅ Ä y�Æ ¾*¿�À2Á 2MASS ¥�Â2¿JÃ�¥���XJ�'É “ Ä�; � Ù ” Þ&ÅYÆP·	Ç z Þ�È ª ±%Ì Â Å � ¶�Æ�G ©  

¡�É�ÊR¤ ° q Ä (
� Ù ¯�°�±$�Ew ]"Ë É}Å�· ª Þ ) �
É*¤�²2q ³ ¥	Ì¯Z Â
Ö ª qf± ¦ �45 Ö ,�-�¥�Í*Î�Ï�Ð[�]Ñ¦ ¿ « e ¥�É ° q�±�Ò�¹Y��qf±$¥ � Ù ��@ Ó º Ù ·4w�Ô6Õ��(ÖPÅ ° q�Þ Ä :xÞ�È ª�×"Ø ¤�Å�XM· ÒÙ¥

��@¸É [�] Þ�Å(Æ�É ° q�± � Ù Ú�Û�Ü ¥ � �Ie ���"Ý�F Ä l2m�¥�Þ"ßR¤ e ·Jq�±
1.3.2. à"á*âã"ä �"� É}Å2P"Q
å4Ã�¿ ¦�¨Yª�Ö��"���6�/¦�æ�ç + Ö ª q�±"P"Q
åEÃ�¿�Å�u è Ä&é"ê"ë Þ Ú�Û � ÙE. Ð�0
1 ©  R¡	¤�·JqW¹ « ¤	ì�_Ñí Â
Ö"ª q�±j+�X/+ }(~ ¤�Å Ä(= 5�¸IF� R¡&P"Q
å4Ã�¿ ¦ ��î*�jqWÌ © Å�ÉS×· ª ±�ï�ð Ö�!$# ¥ Ù ñ ò ¥ é�ê ë · óE)	ô$¥&õ"@ ·

¼P½
Ø
Ù ·Ñw�¥	ö ÷xÉ Ä�� �"�"�"z Å !$#RbY© ¤�x·Jq	±
Ë 1 ¤
Å Ä í =*>�= · � ÙÑ. Ð"0J1Y¥ JHKS P Q\åÑÃ�¿2¥

é êJëv¦�ø + ÖJª q�±6��XdZúù4¤ 2MASS,

CIT, DENIS, LCO, MKO, NOFS, UKIRT
© ·*5 ÖJª q�±ûw�¥�üKývþ�É e k ª"ÿ ���"pxÞ ° q¸Ì © Þ�L

X(q	±� [�] Þ&���x·���� ¦ ��� �*q�¸ 8 ¤ Ä Ë 4
¦
	MÖ 'x¹ « ± Ú�Û � Ù�. Ð�0�1"¥ é6ê�ëE¦ } OMÉ Ä  �¡úì

_j¥JP"Q
åEÃ�¿ ¦�¨*ª ¸ ° q !$# ÉJ¥ é�ê"ë4¦�� OWÉ ° Z�
Ñ+ Ö"ª q�± � ����� ¤��45 Ö + = 5�¸ !�# ¥é�ê ë É}Å Ä Ú�ÛE. Ð�0 1J¤�Ò"· Ö ¼ ª Ð����ûD å*¥ Ü Þ��2q4F ��� í Â q�±��E¤�� ª Ü Å Ä Ú�Û4. Ð�0
1�¹�Ò e H ª�Ä4©Sª «�� Û ¦ ��+ Ö + = « ±xÌ	¥¸¹ « ·�ö�÷ ¦ ®ÓÒ��KF�¸ 8 ¤ Ä � [6] ©Sª «� �! ¦ ¿ « ±� [�] ¥�¸ 8 ¤�Å Ä(° q 2 ÕJ¥�üKýÑþ ( Ì
Ì�É}Å m, m′) ÉJ¥#"%$�¿ m − m′

¦�¨*ª�Ö
minst − m0 = c(m − m′) + d

©�ª « ÝR¤�& =#Â q\��: c, d
¦�7�8�ÂWÃ('	ª ± c Å!Ý 1 ¥	9�: c3 ¤�;#)J��q�±�Ì Â Z
¥	9�: ¦ {��J�jq�¸8 ¤�Å Ä+*jª � ¥�Ï1Ð2¥ Ú�Û�Ü ¦
�"� +�,"| Â}Ã ,4Z-, ª ±¸Ì�¥ ×"ØIeäÄ/. L$¥ �"� +�¸ ª Æ"G�¥ � ¦�01 ��q ' « , � �4¦ �jq ¬ Þ '�ª ±�2jðÑZ Â ¸ �"� l2mjÉ�È�F ¥ Ú�Û�Ü ¦S�"� �jq�¥�Å�3546,�¥jÉ Ä � [] ¤jÕ ª�Ö Å Ä�7�!�# ¤�Õ ª�Ö �
ÉY¤ 7$8 Z98�: ª q ×"ØIe�° q�±
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SED of a red starSED of a blue star

Standard photometric system

;
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{ ` Johnson
?Se @�A#u�¢�£ · �=\��¥¤h¦5:%�=d Landolt iK§�¨�©¥m SDSS

?Se @hA�u�ª <q« `�¬­+® i�����m
¯ « ~(�5i�u��hd (Smith et al. 2002, AJ, 123, 2121) w g′ − r′ m-°�±6��` B − g′ m-²�±6��³n¦´ �=d�whµ ®N¶ J m�· D u(¸�¹»º½¼¿¾cd�s»`
B − g′ = 0.47(g′ − r′) + 0.17

s-�/À�l=\f�n¤�d�wÁr�Â { ��d�©6i g′ s r′ i5¢�£N\f�n¤�d�s»`ÄÃ»Å���� Johnson
?�e @�A�i B ¢�£N\f�

¤hd6s���À�r=sHm�¯ « ´ �=d5w 1.2 u�Æ�Ç�~c��À-bH§�¨�©�iKÈ#Én� { ` ?Se @�Afj�k�i5lc\��6 ÁÊtÂ ´ �
dN�Hic�tË(��w?+e @�AHj#k%���#���½m�ÌÍÀSsfvHi5Î�Ï J s « ´ ` CcF i�ª < µ ®N¶ u�Ð
Ñ(u6v+d�Ò(ÓSÔ�� {�Õ À»}�v
u { b��K`�s
�¥ÀHr�st\HÆ6Ç�Ê�Â(d�w9Ö��#����lnm
�(� zh×+Ø _ « ´ ��pHsÙ`K�hdcs�rfÚKÛÁÊ
· D u=¸�¹Ùº
¼Üu�vHb�p9b%d=r%s¡\%��d5w�� y _5Ý > i�Þ/vHbKß�à½m�áâpãª < ¾cdcs�vKbn�Ù`#ä��K©6i5� { �
å¥�
åf�
p9b(¦ ´ �æptiSu�` ?�e @�AHj�k=\Hç%è�u�vSdHÛÁ�hÀtÛ�Î�Ï « b�^fÂN_�b½Ê�b���w

;
5. SDSS

?�e @(A�i g’,r’é/ê¥ë s Johnson
?�e @hA�i Bé/ê¥ë s�ih���nm��� %dS~� ��ìí« ~ Õ è « ~#O (Smith et al.

2002, AJ, 123, 2121 Fig. 14

�6� ) w Landolt i5§#¨#©½m-ª <« `fîSiS¬ ­�® g′−r′ m
°S±���`
B − g′ m�²�±���³¥¦ ´ �Nd5w
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2. ïñð½òâó
Ã»ô=\fª <æ« ~5õ�ö�i���÷�b5øcù�ú#ûnm�ü�d+~# �� { `�üÍÊ9ÂN~SýfþcGhi5ÿ#§nm�õ���ÿ�§6��j#k%¾�d%r%s
\�����s�b%d�w6rKi�j#k { `ÁÃ»ô�i�ýfþ�i��HÛ�Ê9¾�uN��õ��cGhi�ÿ#§%\�ô=Û=¦ ´ �Nd-õ�önm	��
��=o%^�
« `#õ���ÿ#§ ( � y _ α, δ) s
ýfþ(G�i5ÿ#§ (x,y) s�i����nm-�� NdNr%s¡u�Ì���Âcd�w�õhö�i5øcù5���6i#~
 K`�Ë pti5øcùK§#¨#õ�öc¬ ¶���� \SèSÏ���Â ´ �Nd5w
2.1. ïñð������������! #"
Guide Star Catalog (GSC) GSC

{
HST i%$�&(' ®�)�* ê m,+�- ® ¼ ¾(d+~� ��5è+Ï.��Â�~�`¡�#�0/

i�¬ ¶1��� u��hd�w Palomar Observatory s Siding Spring ( $ ® e ¼ ­3254 ) uHª�67��Â%~ Schmidt 8�90:; \�è���Ê�Â ´ ��d�w 7-16 ¢�¤�uhi%<��Kî 1.9×107 i�õ�ö�\>=6¤�Â ´ <æ� `�õ�ö(i�ô@?Á��Ì(¦ ´ ��d�w�äS�
õ#öciA+ ®%B�C {ED�F@G u��Á� `IH êAJ 2t® ¼LK e 2>M º�¼ { 12 ¢�N�O%u��hd�w 4 e ¼ ��P ¼ 2 { AGK3

(Astronomisches Gesselschart Katalog 3) ` SAOC (Smithsonian Astrophysical Observatory Catalog) ` CPC

(Cape Photographic Catalogue) m�è(��~fw1QSR�ø6ùhiATSO {>U 0.3′′ V \S`�Ö��W: ; iEX�i z u { �cÊ��
1-2′′ iEY�Z���b%[0\=\%��d5w]�^�_ {

GSC 2.3 u��Á��` 2005 ` 10 a�� 2�2t® e ��Â ´ �%d�w-õ#öcib
 { <6�Hî 109 �Sb�¦ ´ <q� `A�

�i é�ê/ë iK¢h£�s,c>d�e�Å6iKú�ûq�f=n¤fÂ ´ �(d5w�g%h#¢h£æ�b<n��î 20 ¢Ís�b=¦ ´ �=d5w@i�j��#bfø
ù#iE[1\ { 0.3′′ u��hd�w Reference frame

{ `Ikml FK4 V ¦K~�\f` é ®�no* ê 2.2 ��� ICRF(International

Celestial Reference Frame) s�b=¦+~Hw

United States Naval Observatory (USNO) Catalog GSC (
é ®�n7* ê

1) m��6Ê��ÁÀp��¤%��d5`U
5 × 108 iKõhö½mb=rq%¬ ¶���� \ USNO A1.0 s « ´ 1996 `n� 2S2
® e ��Â(~fw Palomar Observatory

Sky Survey I (POSS-I) ` Science Research Council SSRC-J survey ` European Southern Observatory ESO-

R survey i%: ; ÛqÊ9üâÊ-Â�~�µ ®�¶ uc�=dfw A1.0 u { GSC m 2 ¸ts�' ê e s « ´ �N~#\�` A2.0 u {
ACT(Astrographic Catalog and Tycho) m�è�� ´ ��d�w�gWhS¢�£ { O (350-500 nm) = 21 ` E (620-670 nm)

= 20 ` J (395-540 nm) = 22 ` F (630-690 nm) = 21 s�b=¦ ´ �Nd�w A1.0 iAu0v6�#bKøcùAT�O { 0.4′′ `�ä
�K© (13-21 ¢ ) iA6�/S[0\ {AU 0.3 ¢Ís%��Â ´ �=d�w

2003 `�� 2S2
® e ��Â(~ USNO-B ¬ ¶��S� { ` G õ�i1<n��î 109 w iKõhö��So�� ´ i5¢h£�`Kø�ùf`xc
d�e�Åcbn�Kmm=rq+w�gAh�¢�£ { V = 21 `�6�/�[0\ { 0.3 ¢�`#ø�ù�iA[0\ { 0.2′′ s%��Â ´ �Nd�w

Hipparcos and Tycho Catalogue Hipparcos y�© { 4 e ¼ ��P ¼ 2 `Ko=¤n�Ü�#÷(b5ø(ù · cEd0e�Å · �
\�iW6�z�mx{���s « ~Wl(  ´ ib|�}�~0���%u%�hd�w Hipparcos ¬ ¶1��� { 1997 `6� 2�2t® e ��Â�`I<6�Hî
1.2× 105 w i�©=\�=n¤KÂ ´ �Nd5w�øcù>T�O {EU 1mas `IcAd�ehÅ6iET�O {EU 1 mas/yr s�bN¦ ´ �Nd�w>6�z
��Â=~�©6i�õ����hiE��O { 1 u z O6�#~/� U 3 w �WQ3kH¾cd�w

Hipparcos i�gAh�¢�£N\@�(�h~� K`1/������ ] �A�%d�� QSO 3C273 � y>� 
H¾cd=r%s¡\#u6vfbSÛ�¦�~Hw
r-Â { ` Hipparcos

{ ©�iWQ�R�ø(ù%m U 1mas iWT�O%u%6�z « ~�\f`���R�ø(ù { 6�Â�b+Û=¦H~�`/s
�¥ÀHr�s
m
Ï�� « ´ �%d�w ICRF( �S| ) s Hipparcos i�ÿ�§�Y�m	�r�+o%^�d+~� ���` ICRF ib��¨ís-b�dmY��0�#Z��
iER���/��ís�î#iE�(Óhi�õhöN\ HST �18�9�: ; bn�¡u@��}æÊ9ÂN~fw
y#©����½mb���%¾cdS~� �� Hipparcos �W������ÂN~ star mapper s-�ÁÀ���ù { `ST�O/rHîb��ª�66�W��d
�5i�i�`@
#Ë p9i�©nm
ª�6 « ´ �%d�w�î�i�µ ®%¶ { Tycho ¬ ¶1��� s « ´ 2�2t® e ��Â ´ �%d�w��r��ib~
���=Û�Ê�üÍÊ¡Â=~Sµ ®=¶ �t³ ���NÂ�Ê¡ÂN~ ]S^�_ Tycho-2 ¬ ¶���� � {AU 2.5 × 106 w iK©(\1=n¤HÂ ´ �
d�w 90% H êAJ 2t® ¼LK e i�¢#£%\ V ∼ 11.5 `>�0j���bET�O { ø(ù+\ 60mas `�cEd0e�Å%\ 2.5 mas/yr u��
d�w V s B i 2 �NufªS6.��Â ´ <�� `�îfÂx fÂ=iET�O/� 0.1 ¢�N�O=u%��d�w
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Two Micron All Sky Survey (2MASS) 2MASS
{ ]%����¡ (J, H, KS) i G õI+ ®0BxC u=�=dHw U

5 × 108 w iE¢��ís U 1.6 × 106 w iA£N\�¦�~�õhönmm==å V ¬ ¶0��� \@¤I¥t��Â ´ �Nd�w>¢���i�gAh�¢h£ {
J = 15.8 ` H = 15.1 ` Ks = 14.3 s�b=¦ ´ �(d5w%¦S§S� (Mt. Hopkins) sm¨%§�� (CTIO) �#�Nd 1.3m i
~������c��¦ ´ ªS6=\SÌ���Â=~ (

) ê �W©Iª -½º>« ) wfõhö6iHø�ù { Tycho 2 ¬ ¶��S� mm�h¨�� « ´ �(d5w
9 < Ks < 14 i�ÒcÓ�u { 70-80mas i5øcù>T�Onm5¬S­ « ´ �Nd�w 10 ¢NÔ��hi�¢�£I®=�>�=~N¦ ´ ª�6.��Â ´
<í��`�����¡���iKøcùK`�¢�£������b¯�°6�Wd�è�u%��d5w
2.1.1. ICRF or ICRS±1² i,�1��ÿ�§0Y { `A�x�+Û¥Ê
i�ª�6c�m��³��#~ FK5 (Fundamental Katalog 5) �%�H¦ ´ z@´7��Â ´ ��~5w« Û « `Sÿ�§ciWµ�¢ ( �0¶�s�·#ô�¢ ) \S��¸�¹�\6�N���º°��b»�Å « `�î�iW¼�z�T�O%\ 50mas ` 80mas N�Oci
FK5 u { ` 1mas ' B@© i 4 e ¼ �1P ¼ 2 � { s ´ �½R0�hucv5bS�Hw VLBI �%�fd5�0¾0�(i,¿�T1O (< 1mas)

øcùKª�6IÀf�xÁ/s�b��ÃÂ%î#i�ª�6Nµ ®=¶ iWÄ�ÅIÀ�u6v ´ vf~AÆ�Â1c>d�ehÅIÀ�Ç�ÈIÉtÊ1Ë1ÌÎÍ��SÏ�ÐEY�Ñ�õ
ö (QSO Ò AGN) Ó5Ô��r��Ð1cAz�¢ÖÕØ×rË	��Ù#ÿ�Ú�Y (International Celestial Reference Frame, ICRF) ÓÛ�Ü#Ý0Þ�ß Õ,à ßâá ÊEÀSÉ�ãoÊ@ä%å 1991 `oÐ IAU æSçxÉ1¼�è.éfêxä>ë�ì�í�î�ç3ï Þoð ÂAñSò�órÀ�ôöõ�÷ø�Ý äWù�Ñ0Ô�ú�û 200 ü�ÀAý ø7þ ê�Ârÿ>êIï Þ�� ã � èÎé½ê�ä���Ú�ù�� 1997 ��Ð IAU æ�ç�É	��
 þ ê�äAå
2.2. ��
����
Ô�útÐ�����Ð���������ÐEÏ��IÉ��! Þ õ ��ø.þ ê�ä"���AÚ0Ù�Ô�ú3Ó�#Ià0ã%$ ß å�&(' ð*) ñ�ò�È,+oÐ.-0ï���>Ú�Ù�Ô�ú/�.0(õ1'Aê�ã�à�Ë32�45�.6�ËWå,ñ�òIÉ�7�éØêIä98�:(;SÐ.'9<��=��Ð�>�éØê�ãSà!?�àEÔSú Ð��
Ú.Ó � èxËtÕ@Ê@ï!� ) 8�:=;�Ð"�SÚ (x, y) ÕA@oÐ"�SÚ (α, δ) ÕbÐ.B�C7Ó�8�:!D�úoï�Exä � ã%Foè�Ë/GxÕH�2�4tï9?�Ëbå (x, y) Õ (α, δ) ÕmÐ�B3C�� þ 'JI�'�?JBLK�ù�É.63éAE�×MG�ÕN��É�Ê@Ë"� ) ÿ0Ð�BLKÎÓ1�, Þ õ��ø × Ë1ä�èSï!�98%:,D�úoï	Exä � ã/6�Ë3O! �Ð�KtÐ����AÚ�Ù�Ô�ú/��2!4�ÕL?�ËWå
8�:(;	P,QtÐ"��� (x, y) ï,6�Ë,Ô�ú�Ð���Ú7Ó ��ø × ËbÏ!�=� )�R ïTStÐ 3 &�Ð�U,VXW�Y%Z�é1?�ËWå
1. ñ�òIÉ�7�ä98%:(;�ÐWÔ�ú#Õ[�=�AÚ�Ù�Ô�ú�Õ,Ð,\ ø
2. (x, y) Z�é (α, δ) ]rÐ�^!_!`tÐ ��ø
3. ^!_!`.ÓT#IàSä (x, y) Z�é (α, δ) ]xÐ�^!_

2.2.1. acb3d(e�fg�h5ikj ��l�?�à ) '0ä����AÚ�Ù�Ô�útï�m!nI×�omÔ�ú/��×qp5ï�r5Z�o Þrß ?Eñ�ò(s�� )5t Ð,\ ø ( u�W1vw�x
) ÓLy�ë�ì/s�$ ß{z�| ��6�oWå.}(~J���J�,�=?7é DSS(Digitized Sky Survey)

)J� Ñ!�=?7é 2MASS ?� Z�é�ñ�ò!�,�.ÓL�5�!8%:7Ó1��7 Ý�)M� r�Ð�8%:#Õ[�J�J�/?9��é�m�n�×�o t ÓL��×Aå�����Ð���Ù Õp×�o t�	��v(�c� hJ��� w Ý ?�à	O! tï,��o7õ )"���#Ý ãSà/o Þ ß ?=�"��� Þ à�å98%:,DSú/Z�é�'%���.�J?�õ��ð �%×�Õ[��Ú,^�_c���! =����;1×�oWå �¡ g�h/i ��¢ j ï,6.o ) '0ä�ä�õ þ ���	�9£ t�¤ ý��,s%�����! ¤ �9; Ý ä0à,¥�? � ) Y�¦ x!§%¨ ¤#Ià�ã � á=© ï9u�WHv w�x ¤ $ ß å � á=© ? t �9u�WHv w�x ï,� )�ª�«,¬ u�WHv w�x�­ à ß ¡ �/� Ý � Ý�	#xà.éØê�ãSà5oWå�Gmê/��®!¯oï3°/�=o ­
1. 8%:tï��M'Aê�oL±Sú ¤ #Ià ) �5²�?�Dxã�� ªJ«,¬ ��³ ¤ &#õ1o
2.
ª�«,¬ � ª,´ a, b, c (a ≥ b ≥ c) Z�é x = b/a, y = c/a

¤3µ�¶�)
x − y ·�¸=; ( ¹ 6) ï�Y�¦�W�º

3. ·�¸�;.��»,¼5��6�o3½ ε ¾�¿�Z �JÀ Z�s ) \   � 3 Á/Z �JÀ Z ¤1Â(Ã,Ä o
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­1Å ÀÇÆ O/Z�éL? � ã Å o (Valdes et al. 1995, PASP, 107, 1995) åMG"� ¡ �=�%�9£ Ä o�0�ä�&��98%:c�9UÈ h"É �3Ê Å · Ë�Ì · Í,:cB3C ) DIã�ïTm,nÏÎ5ã	±�ú���\ ø �,s=Ð�oLÑ�ê�Ò ¡ ��s.6JoTÓ�ÎkZ�Î )	Ô E�ê(ot ��K.Õ������	Ö�× ¤LØ�Ù�Ä o3½ ε Ú(�,Û�o	� ) 2�ÜXÎ��ÞÝJß�?�u�Wkv w�x ��$.EJà�o ­ �,áXâ1? Å Ó�ÿ�=Û À ? false match
¤Tã õ Ä Ò!ä�Ú ) �c�%å §�æ h5i ¤ # Å o z.| �	6/o�Ó�}�~�� ª�´ �Eô þ � |Jµ ��.�/6.o3½cÚ�?/o	Z �JÀ Z ) �.ÎrõN� t ��ç�èé�N��ä/o�? � )=ê%ë ºHì�í9î!Ú5Û ��ï ��ð!ñ(�%ò�~XâÞà ïÅ o�Ó

0

0

1

1

x

y

a

b
c

a
b

c

ε

b/a + c/a > 1

c/a < b/a

b/a < 1

ó
6. x (= b/a)-y (= c/a) ·¸�;�s�ôõÎ�Ò ) ±�ú/��ö!÷ Ä oªJ«�¬ �	�=��Ó a ≥ b ≥ c ��øù Ú�Ûûú ) D ï �	Ác�,¹(-���ü«,ý ç ´�ª�«,¬ ��-�Ú90(õ1'	ào�Ó/0.Ò�&��98%:c�.-9� ª�«!¬�JuXWkv Ä o%Z ��À Z5� x-y ·¸5;!�3»9¼ ε

¤ # Å ï	�0ø�Ä o3Ó

2.2.2. þ!ÿ����
(x, y) ZÏâ (α, δ) ]5��^!_!`û� )

(

α

δ

)

=

(

f1(x, y)

f2(x, y)

)

(2)

­ ô þ à�o�ÓXG	� f1, f2

¤ F=ä�o5G ­ s�8%:�����P,Qc��±�ú=����� ¤L� ä�o/G ­ �!scÐ9o�Ó�� � � w Y É?.BTK ­ Î ï 1 Sc� polinomial ��6.o�Ó ÿ!� z�| � )
(

α

δ

)

=

(

a1 + a2x + a3y

a4 + a5x + a6y

)

(3)

­ ? ú ),��ø�Ä ��Ð1å §!æ h5i � 6 & ­ ?�o�Ó
�!+5�
	 Å ) �JÎ��N�(Ûûú ���"�! c��2,4=?�
��=� z�|!)�� Sc��^�_!` ¤ # Å o32,45��6�o�Ó 2 Sc� z|!) ^�_!`c�

(

α

δ

)

=

(

a1 + a2x + a3y + a4x
2 + a5xy + a6y

2

a7 + a8x + a9y + a10x
2 + a11xy + a12y

2,

)

(4)

3 Sc� z�|�) ^!_!`c�
(

α

δ

)

=

(

a1 + a2x + a3y + a4x
2 + a5xy + a6y

2 + a7x
3 + a8x

2y + a9xy2 + a10y
3

a11 + a12x + a13y + a14x
2 + a15xy + a16y

2 + a17x
3 + a18x

2y + a19xy2 + a20y
3

)

(5)

­ ?/o�Ó
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2.3. ����������� �����  
WCS Tools !�"N��# i ¦ x (USNO, GSC, 2MASS, Tycho-2)

¤ # Å Ò"mJn!±�úc�WýX�"Õ fits 8�:�8�:]5� WCS �%$=ä%&('�? � ¤ $ À Ó
http://tdc-www.harvard.edu/software/wcstools/

GAIA (Graphical Astronomy and Image Analysis Tool)
ê h U��*)M� ) ��� ) flux £JÝ ) �c�£!Ýc? � �%�5²�?�8%: g,+ U/Y��.-0/ h"É Ó�8%:=�21�1('	Z.?"�=��3�4 ­
576�8 É U È h	É Zéâmÿ!���,��0# i ¦ x þ à ï Å oL±�ú ¤29 W�º.: h 6<; Î�Ú>=�U º�î=W"Y ) ���"£!Ý ) 8�:.]5� WCS �%?éÐ@&A'��scÐ�o�Ó

http://star-www.dur.ac.uk/ pdraper/gaia/gaia.html
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