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HST WFPC2 LK3D<3:65ZSAW[�\Æ_℄`Æ[�^
(�WS�R�h℄0P �h℄ 200030)VU��F\:W�DQ< (HST) �:R!	�ml� (WFPC2) ~ CCD �&~ÆCgiyv�'9.+FtdFO&Y~6�D��#02	*4�*BF WFPC2 �6�#IUU9:ÆCgi)#dyv)#"℄	_b_Æ�	ZNd�0v��>)�~�?�Dwlp41d1g	�4*g�)�~*�1g-w+m75�w:?Q	'bw'}Ds)K~U)	9 ? 4�.+Ft�� WFPC2 �$��FO�	_b_Æ�	ZN��0YM7C;�P129 ��� OQ1IE�A

1 �7���[9V�CP; (HST) }uV�-M�}�> f,avDo}Gg��9���Y}Q ��lk� (WFPC2) �[�!V�+�H{}L�w:b�T,|zS��5a}�r�4�k�E��CP;C��$}>��E'0�5S-*EsEND,}%o�0�5S-*Es�w` HST �_u}&=
"R��2z& [1,2] �u[ HST uVo 10 �)��~Ckk
0l=9�x0�-*Es
"�>D,}	M�3
)��� HST �?e-*ME�x}[�Vd��k3-K�kKME}�,�os�x}�*�l= HST }
WFPC2 ME�xb0�rV�Q��9����Q-*EsEN}�>D,C����r� WFPC2 ME�x0�Bfh}("$Cv��)�}0f�)M��l-*EsEN&�Bfh}=b*lf
("})�0f,�l=p|("Nf}&|)�D,�
2 � WFPC2 �,

1993 ) 12 V$�GM3u;} WFPC2 ,ybv HST )`�Y} WFPC1 � WFPC2�� J8HG�2004-01-13 � T=HG�2004-03-26>�RF�W�"VS�~-��q� (10373020 � 10333050) �W� 973 ��q� (G1999075406)
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; 1 WFPC2 �R\.W�~6; [14]

} CCD "E=,Xr(� 3 =WHQ lk� (WF2�WF3�WF4)�D,�*H f/12.9�9 CCD }�=r��9E 0′′.0996 ��QH
80′′ × 80′′ � 1 =WH��lk� (PC) �D,�*H f/28.3��=r��9E 0′′.0445��QH 36′′ × 36′′ �T\"d��z�}Xf��M� (: 1) �
3 �
``��7Ty�^a^�&=�N�Pt}N}�I,<��&.-M:r�}m�9x���^a^}&	3f�A HST ;7�X}�^a^}��Y�SH 50 mas (E*owMJE�N28T) [3] �4H��lk� (PC) Q lk� (WF) } CCD }�=r�ow,4H 45 mas  100 mas ��,�E WFPC2 }�&X CCD ��zm[M!;'M!1M}T(�h4fh("�℄ DAOPHOT (��'-M�N }���QEN_�) [4] }E*=��� Gauss ^ (ob$T= Moffat ^) uS�*[&Q�rf��p=^[�r&G$�=r��j}���,�M9�,%X2r�ME�s|zM�,inz)�(h�k��n;��=}�^a^�p	fh("}P��Æ"= Gauss ^��=r��,�Bm[kJYM�℄: 2 �}�: 2�}{(:3}&=M!;'}&Im��a)j� 3=r�}�s|�xLj�j,4�r=;3Y�} Gauss ������%�;(hzr�|�u9����9}J�RkM 0.07 r��oEEs%X},UYM (0.02 r�) �eU�p=M| (�r�kJYM) H�r
[r�$}J�CL�

Schechter �W [5] [N EN_� DoPHOT wr�vr��,T(���{$[(hZ[��t�[�=r����lp=r�}�s|K��}�^a^�U���xf��}�^a^+88Z CCD )q�r�}�,�4i�Pt}r�kJYM3!+So�
Lauer [6] [ 1999 )&a�z=0j%("��.CF� (:rJ�Fw;3,��rJ�
[3&r�;3KI) �M!;'}:rh6[&;,|z&.M!qa}
U:r��p	fh("�E=(H�bfh�N-*�+Sh�}�T��E�NRe|{XsF�p�4Hp	(";%�d|z�.:r}�NJ���,�C "0&=OLr�kJYM60��/�`4M}3u�
Anderson  King [3] [ 2000)&av&	�=C{�^a^}fh("�℄?�
�4H�r�}�=r�|�[&=��J��E*=�^a^}��C1g}r�$�,}%X��,*=�^a^�V"{$MEz}�℄XC&=r� (i, j) ��}��JE x = i � y = j f�[p=r��GC&=��H
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; 2 �s�lKZN~0; [3]

(x∗, y∗) }�N�!Æp=r��}�s92�
Pij = f∗

∫

∞

−∞

∫

∞

−∞

R(x− i, y − j) × ψI(x− x∗, y − y∗)dxdy + s∗ , (1)9� f∗ ��s4 � R �r�}�I|��,<� ψI(∆x,∆y) H�p}*=�^a^�
s∗ H2r�J�f}%9|�pj ∆x = i− x∗ � ∆y = j − y∗ �2Z)�{��6�1

ψE(∆x,∆y) =

∫

∞

−∞

∫

∞

−∞

R′(x, y)ψI(∆x − x,∆y − y)dxdy ,�C
Pij = f∗ψE (i− x∗, j − y∗) + s∗ , (2)9� ψE(∆x, ∆y) �HC{�^a^ (ePSF) ��{$Aav&=�r$k�E2�r��J�1gH (∆x, ∆y) }r��m�N�� (�s) �j}�,*�p!�[T� ψE w�;+y{*=�^a^ ψI r�}|��,< R ��T,{$fhC{�^a^�p!fh}>���

(1) fhZ[�t�[�C{�^a^(hz�rw;Æ"0��,���2Z3/
x∗ � y∗  f∗ �zBM4(∑

ij wij [(Pij − s∗) − f∗ψE(i− x∗, j − y∗)]
2 H)w��[ga}B�f,K���Nv�r�}�,�x�fp&Z[���&=p�^(hz&(A��})�A})w�Z(�
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(2) C{�^a^}H(P**=�^a^\-�k (2) |T,|zC{�^a^}K|� ψ̂E(∆x,∆y) =

Pij − s∗
f∗

�4i�℄Xy{v x∗ � y∗  f∗ }`|��TAf||z1g ∆x = i− x∗  ∆y = j − y∗ ,�[ (i, j) f}r�℄f�C{�^a^M!2���E N Qm�} {x∗, y∗, f∗} �M�Q�r�G 5 × 5 =r� (p+8',� WFPC2 f}�&=�r!\[$) �!Æ�zC 25 ×N jM!�℄i�}B��+SClExa&=4t}C{�^a^�
(3) C5S�CC9=�|�;+O� ψI  R �;},=�$;+�&=r�$|��,<,Xf���4HC{�^a^9x�� CCD |��*=�^a^H3Pt:o}%X�C{�^a^,H&	�H�r$/�^a^}("��?+(o�-*EsEND,��"��9�&|85�-*EsD,�℄ Anderson  King [7] [ 2003)��G

47 }!��>D, Drukier �W [8] [ 2003 )� NGC 6752 $>X�}�>D,����V&m���=v2("��J5�}&8 (S 0.02 r�) z|l=WFPC2 0�85�-*EsD,|,�lNf�wU�AEC{�^a^[T�w�7�kÆ" 4 .:r�B:rz�Æ"Ch�}F�?%|z*"hn}C{�^a^�4i�[9=C{�^a^z?Æ"�!)0�Jfh�,.�9�-�h9=C{�^a^�
4 � WFPC2 �
[O

Holtzman �W [9] [ 1995 )}	M�d8&z���[fh WFPC2 4Qw fv&|�7�}1Q�YHp92�A CCD �|��|o�Y�;3_X}�
Shaklan �W [10] [ 1995 )$�a"#v_Xp&T(}L4�6"Hma��>v

WFPC2} CCD UjI_�= 0.5 µm×0.5 µm }� �� y (td���jd� 512 µm �Zz� �� x (t4) 0.5 µm �
/d��{zt= CCD f 800 r�}Y���bUj�Uo� �� y (t4) 512 µm �d�b&=KI�℄i
/{zAXt= CCD }d��U�� y (t� 512 µm }KIxÆfj=v 512.5 µm �u�=KI};{d�J�k<ZH 512 µm �%X�=d�KI��fP-O 0.5 µm }KI�(�
/d�v&j�$����� �[ y (t(*ov 0.1% ���=d�KI-Oak9Ptv 0.5 µm }YM (�=r� 15 µm) �p!�AE CCD �2�_f}T(��X�2fS�< 34 ��*9�?�evS 3% �9�S�7� 1024/30=34.1333��
Anderson King [11] [ 1999)0�v�G��<�G 47} 15.:rEs�}E Shaklan�W [10] }D,}e���;/Esvaf�YM}�<��BE*�>v
[�YMr�f}m�r�s/v$��℄: 3 �}�f�}:� 15 .k3-K:r�}m� y J�BM4:�=b�p&BM}4M|�M�Qm� 15 =Es|�A��} 8 =Es|}4M�9YMwE,UYM���}:�,K��a}4MBM��D℄�Yfa�7�F\/v��7SH 34.1333��s.nz 0.03r��+8oEtjuSm��NJ�EsYM (0.02
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; 3 �B	ZN6<~ y K�CN (g;d�;) �:4vp~F[ (;) [11]r�) �b�}:a�2Z Anderson  King [11] Aa}3u("3uo}BM,<�: 4 e}a�r
[�&e�fw�_X}��BM}3Sfu�e�}m[z>,N ,<zvC�}z3r���k�[4Q��&uvpQm�qx}�s�Am�}EN%Xqbv1M�p|�:o}m��Sj�Q$%�} 6% �AE�<S 34 ��C&�Y�/e�a9o}9�?��*4M}�Y�jY&|�Anderson King [11] ,4Aav�J� (-*Es) �s (EN) �YM}4Mxu("�p&xu[�o�C= WFPC20�}EN-*EsD,���++}&{
D���
Drukier �W [8] [ 2003 )�G��< NGC 6752 0�v�>�&av��YMCH�;}xu("���YH Anderson  King [11] }("��2*m℄ CCD }XhPh{[v&;�93u�U4Mb��uS}�u6�C#}Xh)��Drukier �WYH�[EC�YM}r� (e�) z�}�<92�r�}t&��BEC�YM}�92�T,y4}��",}3u92T,r��|E*}�b+�6;Æ"4M�N+���2Z� WFPC24Q}�K f��E;3}EC�YM}e��91MC�K4��}k�o9H8TCL�;Zp|T(/�END,C&�Fw:o���E-*Esb�� Drukier �W [8] }xÆ%XH Anderson  King [11] }%Xk*��CXf3/�
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; 4 �B	ZN6<~��CN (gd;�	b) �:4vp~F[ (;�Jb) [11]

5 WFPC2 ��g�15wN�*=;T,�zPt�/�u℄ Anderson  King [12] }a�-M*=�_o[�_*=wC&	�y}Ct����5o//��[PtD℄}�rf��
q|oB);�/p|�r
[ j�m℄�[ WFPC2 �� 4 X CCD }�&X�C�/�[�Q-OnzS 5 r��9j�℄: 1 �}� WFPC2 }�Q(,:Xv 4 >,�9��&>,�<oz&=�n} CCD f�p[N�f�2Z&X����;bxf}�AE�Q},:;�5SRh}�_X��;-O 2′′ }KIxÆfz<oz�k 2 X;3} CCD f�~���&�:r6�CAO^�X CCD �4��X CCD �C&=
j��}-OKI��E,fp|L4�:rr�H2��I-VA4�5:z�}L`;��t}.2/y�4i[�r�.2/yz-V.2|o9�4&.20�J�X�,\}wn�+�0�
f�/}xu�
Holtzman �W [13] [ 1995 )BB WFPC2 ��W� ω (NGC 5139) }�kKME��`

PC ��,HAO����)�xavz= x � y }AO 3 j�p|3n} WFPC2 
f�/(�p�X=)Q'}�/(�WH Holtzman (�Æ"�=E F555W �N2�io Gilmozzi�W [14] [ 1995)}E NGC 1850}�j
ÆME%X�X= Legendre�



� 3 8 V���� HST WFPC2 .+FtdFO)#*�1g 215�p|�|zv* Holtzman (CH5S}(� Trauger �W [15] 1995 )[ Holtzman (}}efO� MgF2 4Q8;no`}:o�oovdv8T�
f�/(�qb}:o�
Gilmozzi ( Holtzman (Æ"�2Z� WFPC2 3&�Q[;31�EZb}�jME�z|3&-KXr[ CCD };3J�f�k�|z&=t&}�/�����}(%��Q$;3J�MEz}os�NJ�|,)�(h�6B;Æ"�p|�N}J�JdCXfv(� Holtzman (2Z�;3CP;}tz�X��Z}S��b(Jlk��2*m℄};S���p	}t/v}=TMH 16′′ �4i��S�}�2*m℄}5�H HST}w X�5�k�9� Trauger (~iE 2 jpC8jp�9�2*m℄Mta�=

Holtzman (�
Holtzman }ME!)k�b��"H^	}�Q�4�[�Q- ;%(ka�M!�

Casertano  Wiggs [16] [ 2001 )(P[9MEu G6941 �CH��}�Qk�b�CA'}M!� Holtzman (0�v30�2Z�# Kelsall � (AJE WFPC2 ��;?}&=}}�Pt}aFNj2Z%oH"#};�-O[ CCD f�X}r) J��w�}/v��s�Aav 4X CCD k�J��w�}/v�u��(U�C(J�/(H8Tw�}L`�,f
	 WFPC2 �/(��E��lk�)8�Sz 0.05 r���EQ lk�)8�Sz 0.02 r��f�&z}
	�/([H(Z[�C&=H3}P���;3}t}=T��3&Mt4�)��M}�p!�V"|z�/(�8D}C~p� Anderson  King [12] [ 2003)}D,�z=vCH��}�W� ω $Kx��Q (ICF) �xb�> WFPC2 �/(}30����MvCHA'os;3Mt}ME�x (HST ;3E��MEp'�9MtT!A��t) �Hd?}&|�>k*��}D,Ck�>���&��C�r}fh�=?�*l}C{�^a^("�z|9J�Es%XC�5S����3&-K$;/m��C��TE�`,H!)z=}6Nj$���`�!)EC;3}MEMt�C�EC~p}xa����!)�Mw%dvP3 CCD -O (x < 100 � y < 100) }�r�p![H(w�,�vf;-O13�/3S}:o (wU�)�}�/($;�=Ep|�r}3u) ��W�os
Æ}!) (k 1997 ) 6 Vz 2002 ) 3 V� ICF H 80 j F555W �N) z|� WFPC2 } 4 X CCD 0�ks*"XHT%�
Anderson  King [12] YH��3&Qm�}osME�[�= CasertanoWiggs [16] }�/(,v`=�/3u,o��&=m�.2Es|dvEsYMz���Hqxm�J�HBG�/YMz�4i��E�2:r�}�&Qm��9Es.2~���A9�:r�2m�}Es%X/yz3&AO�o|z}J�zM��HBM���}4M|�ka�*fa CCD ;3KIB�}�/�
Anderson  King [12] }E*H(Z[Hd?D,)o};3��[!)}�Mf5>v

CCD -O}m��AO��$�M CCD }C{�� (425, 425) ��;�2��� (400 �
400) ���[H(w,4��X CCD H(��;�d� 4 X CCD 4&z&=oAO���p�4H)��>3��WFPC2} CCD ksz��w�CJ�3)��B�&X0�t��/3u$T,,�;3 CCD ksz�}�/YMh�:o��= Anderson  King [12] }�/(0�3uzo�℄X;O� x < 100 � y < 100 }-



� 216 �������.�N���1�g������� 22 I�OKI���lk�Q lk�}BM,4wE 0.02 r� 0.01 r��P* Holtzman ( Casertano (}5�8�~��[��X CCD 0��/xuo�Hv�9�Qh6�Æ"&=FH}AO��b����X�2f3u�/zo}Es%X/yzFH.2�}3n|�
(

χ

Υ

)

= α

[

cos θ − sin θ

sin θ cos θ

](

xcorr −425

ycorr −425

)

+

(

χ0

Υ0

)

, (3)9� α � θ � χ0  Υ0 HS� Anderson  King [12] Aav;3kKw, WF3 H}�}A|,�9� CCD /yz WF3 �9�=}|��E�/T%m[}�w�}/v�Anderson King [12] �=℄7kK (1997∼1998))B7kK (2001∼2003 )) -n}:r�,4� v=��}�/(,Z3uzo}BM�%X�C fXf�e}`4�T7/v�4�YH CCD �2t*}k�3);:o9)q}N��/�pH Casertano  Wiggs [16] }%	k3�
Anderson  King [12] xYH� CCD ℄�/v�/z�92m[ks,=��B9℄�/vHw�,� HST [U{f};3J�m[&	�7�}kL�~�2Z�CP;U{X�},\�x�N�M$T,�℄�/v_X&�[�:o�U��AEP!�jME}+"℄��_��?xV"�90�(h�,vdp|/v}:o�;Z�Hf��
}�/3uk*�p|:o�kw�℄7}�>D,�s� HST�=fh_� (STSDAS)[fh�/w�z=v Holtzman(}�|�u�� Anderson (}=a�)3H WFPC2 kL}�>D,�m℄ Drukier �W [8] 2003 )E� NGC 6752 ��}!�X�� Bassa �W [17] 2003 )� NGC 6752 �&Q�_�}�����}�J� Bedin �W [18] 2003 )� M4 }-*Es5i`})A�>D,���= Anderson }�/(�oo&8v�JEs5� (S 0.02 r�) �

6 � WFPC2 �GPz�
WFPC2 }EN{�x�D,&�T,�=r	(" [19] ��&	("�A8� 4 	EN(" [9,20∼23] �S�}{�3u�x�o;3�>D,z�}4M�a,4H 0.043 mag

(F336W) � 0.034 mag (F439W) � 0.016 mag (F555W) � 0.018 mag (F814W) �~&	("�Al� NGC 2419 } WFPC2 ENH��END, [24] }*"%Xb0�x��
WFPC2 [ 1994 )(�Yzo�9�X CCD �>C 10%∼15% }� h��v���L}� h�{� (CTE) T(�3w� HST }2��N2 (℄ F555W  F814W) ��8TH��2�EN`4 (℄ Johnson-Cousins `4} V  I) ��8T�Ca^��9�+2��N2 (℄ F336W  F606W) akMCo� Holtzman �W [9] 2Z�G��<�W� ω 

NGC 6752 } WFPC2 ME��CP;ME�xav WFPC2 V�EN`4��2�EN`4}�y,�{�x��u�E CTE T(��~�0�v`=JE�YHH%9�^*CL� Whitmore [25] [ 1998 )� Whitmore �W [26] [ 1999 )l=C�}ME%X�>v
CTE �v�9�w�/vJ��p&%XH Stetson [27] [ 1998)= DAOPHOT fh�W�
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ω  NGC 2419 }%X$3�u Stetson  f CTE �v�w�/v"w (0.0012 mag/yr) �U�� Saha �W [28] [ 2000 )l= DoPHOT � NGC 2419 0��>w f�6;m[ CTE�v�p|�� DAOPHOT  DoPHOT fh_�� CTE }�6[�;3�~��6Nw�}T�;3$z_XENYM� Casertano  Mutchler [29] [ 1998 )}a�p�AEN 1M_X}�6Aavk9}3uF|�

Dolphin [22,23,30] z=�N } HSTphot EN_�!� 843 .�W� ω  NGC 2419 }ME�x0�vfh,\�,3&-K}��ENME,H�l�k�E Holtzman �W [9]}ENxu�dvAa&|CH5S}A|��Dolphin )He�};3�O�v CTE �vEZ�k�oo&8vEN5� (���awE 0.1 mag) �)�}&|D,�℄ Albrow �W [31] [ 2002 )� M22 N�^}�>� Mackey 
Gilmore [32] [ 2003)��?M�`�G��<=t�u��a}EN�>���z=v Dol-

phin }xu�2("�
7 �&'eiEu℄ Anderson  King [3] ���HST WFPC2 }-*EsD,k�E9�}I}D,�U77;=�u�9-*EsEN("uTbT�zW�}L��AE!q}*=$��
WFPC2 �E�N�r�M!;'m[1M}�h4}�^a^#,�S�(h�rJ��4ib!C5S�C�.�|zm�$/�^a^�W�L�}�����?b��C{�^a^C%%< CCD ;3KI}$/�^a^}�|��&	hn}("�u�im[;(.}�(�/℄Æ"C'J}!)sh�}F���3w[ CCD �u,KI0�j�I|$;�1g9$/$�})/�

Anderson  King [11] �U��YM0�vC{}3u�u�6�Cr��&�}xÆ1MEZ� Drukier �W [8] }3u("$�C$3�YMPt})��T��e|CH$��6B3e[�sF�
CCD ℄�}
k��/v��/m[:o��℄��w�}/vS�[!);'}EZbk#0��>�p$�92�.o�/3u�>D,}&=�(t��Cp|3u+�lz&=�}WFPC2 Bfh4�}vt�HST f[+8��vH

WFPC2 ;%skr,}Co�Q}8	�-lk� (ACS) ��� HST osME�x}d��x}�*��z[b&r!VCP; (NGST) uVo>.�9$V}O-K��kK-*EsEN�xZz9f9R��>�|�l= WFPC2 0�}-*EsEND,�z0&=Nf�2BNP�
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Recent Progress on Astrometry and Photometry With HST WFPC2

CHEN Ding, WANG Jia-ji, CHEN Li

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

Abstract: The calibrations of the CCD on HST WFPC2 are very important to improve the precision

of astrometry and photometry. Many efforts have been devoted to the PSF (point spread function),

row error of CCD and the correction of optical distortion. In recent years, higher precision is needed

in some astrometry and photometry research, many further improvement of the method of reduction

and calibration are carried out. These developments are briefly reviewed. Finally, some comments and

prospective studies on these methods are presented.
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