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WFC and HRC Apertures Compared with the V2/V3 Reference FrameFigure 1.1: 

The readout amplifiers (A,B,C,D) are indicated on the figure. When ACS images are processed through AstroDrizzle in
the DMS  data pipeline, the resulting drizzled images are oriented with their  axes corresponding approximately to1 x,y
the  axes shown in this diagram. Thus, the WFC data products are oriented so that WFC1 (which uses amplifiers Ax,y
and B) is on top in the positive y-direction (also see ), and the HRC images are oriented such that amplifiersSection 2.2
A and B are at the top in this diagram.
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Pattern_Number: 1
                    Primary_Pattern               Secondary_Pattern
Pattern_Type        ACS-WFC-DITHER-LINE
Pattern_Purpose     DITHER
Number_Of_Points    2
Point_Spacing       3.011
Line_Spacing        <none>
Coordinate_Frame    POS-TARG
Pattern_Orient      85.28
Angle_Between_Sides <none>
Center_Pattern      NO

#30ऺ0C;:>@=0ऺ7:2ऺ>300?ऺ.:88,9/>ऺ@>0/ऺ?:ऺ0C0.@?0ऺ?30>0ऺ:->0=A,?4:9>ऺB0=0ऺ,>ऺ1:77:B>஽

-------------------------------------------------------------------------------------------------------------
Exp | Target| Instr| Oper.| Aper | Spectral| Central| Optional|Num| Time| Special
Num | Name | Config| Mode| or FOV| Element| Waveln.| Parameters|Exp|| Requirements
-------------------------------------------------------------------------------------------------------------
1 MESSIER-081 ACS/WFC ACCUM WFC F555W CR-SPLIT=2 1 2900 S PATTERN 1 1-2
 -DWARF-A
-------------------------------------------------------------------------------------------------------------
(line 2 is not shown)

�ऺ>?,9/,=/ऺ.,74-=,?0/ऺ/,?,ऺ=0?=40A,7ऺ1=:8ऺ?30ऺ�=.34A0ऺ1:=ऺ48,20>ऺ?,609ऺ-Dऺ%4>4?ऺழயऺ0C;:>@=0ऺழயऺ,=0ऺ74>?0/ऺ-07:Bற
஫�9?0=80/4,?0 ;=:/@.?>ऺ1=:8ऺ?30ऺ�=.34A0ऺ3,A0ऺ?:ऺ-0ऺ>;0.414.,77Dऺ=0<@0>?0/யऺ?30=01:=0யऺ?30ऺ.,7,.>ऺ ऺcrj.fitsऺ
,9/ 1470>ऺ,=0ऺ9:?ऺ49.7@/0/ऺ49ऺ?30ऺ/074A0=Dற஬ऺcrc.fitsऺ

j9cm01010_asn.fits  j9cm01jvq_flt.fits  j9cm01jwq_flt.fits  j9cm01k2q_flt.fits  j9cm01k4q_flt.fits
j9cm01010_drz.fits  j9cm01jvq_flc.fits  j9cm01jwq_flc.fits  j9cm01k2q_flc.fits  j9cm01k4q_flc.fits
j9cm01010_drc.fits  j9cm01jvq_spt.fits  j9cm01jwq_spt.fits  j9cm01k2q_spt.fits  j9cm01k4q_spt.fits
j9cm01010_spt.fits  j9cm01jvq_trl.fits  j9cm01jwq_trl.fits  j9cm01k2q_trl.fits  j9cm01k4q_trl.fits
j9cm01010_trl.fits

#30=0ऺ,=0ऺ?B:ऺ;,4=>ऺ:1ऺ1:@=ऺ>49270ऺ.,74-=,?0/ऺ48,20>யऺ:90ऺ;,4=ऺB4?3ऺ>@114C யऺ,9/ऺ?30ऺ:?30=யऺ.:==0.?0/ऺflt.fits
1:=ऺ�#�யऺB4?3ऺ>@114C றऺflc.fits

�=:8ऺ?30ऺ஧�!ர"���#஧ऺ>@-ர0C;:>@=0>ऺ,?ऺ/4?30=ऺ;:49?ऺழ஽

ऺ,9/ऺj9cm01jvq_flt.fits j9cm01jvq_flc.fits

https://www.stsci.edu/hst/phase2-public/10605.pro
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ऺ,9/ऺj9cm01jvq_flt.fits j9cm01jvq_flc.fits
ऺ,9/ऺj9cm01jwq_flt.fits j9cm01jwq_flc.fits

�=:8ऺ?30ऺ஧�!ர"���#஧ऺ>@-ர0C;:>@=0>ऺ,?ऺ/4?30=ऺ;:49?ऺவ஽

ऺ,9/ऺj9cm01k2q_flt.fits j9cm01k2q_flc.fits
ऺ,9/ऺj9cm01k4q_flt.fits j9cm01k4q_flc.fits
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ऺ48,20>யऺ=0>;0.?4A07Dயऺ,=0஽ऺ

ऺ,9/j9cm01010_drz.fits ऺj9cm01010_drc.fits

#,-70ऺவறஶ஽ऺ�:9?09?>ऺ:1ऺ�>>:.4,?4:9ऺ#,-70யऺ5஼.8ளழளழளே,>9ற14?>

Column       1              2           3    
Label  ___MEMNAME____ ___MEMTYPE____ MEMPRSNT
     1 J9CM01JVQ      EXP-CR1        yes     
     2 J9CM01JWQ      EXP-CR1        yes     
     3 J9CM01K2Q      EXP-CR2        yes     
     4 J9CM01K4Q      EXP-CR2        yes     
     5 J9CM01010      PROD-DTH       yes     
     6 J9CM01011      PROD-CR1       yes     
     7 J9CM01012      PROD-CR2       yes    
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49 றऺ.,7,.>
�9ऺ =:Bऺ ஸயऺ ஧�!��ர�#�஧ऺ ,9/ऺ ஧D0>஧ऺ 49/4.,?0ऺ ?3,?ऺ ?30ऺ >49270ऺ 0C;:>@=0ऺ 48,20>ऺ 49ऺ ?30ऺ ,>>:.4,?4:9ऺB0=0
/=4EE70ர.:8-490/ऺ 49ऺ ?30ऺ ;4;07490ऺ -D யऺ ,9/ऺ 9,80/ऺ B4?3ऺ ?30ऺ =::?9,80ऺ >;0.4140/ऺ 49ऺ ?30ऺ �>?=:�=4EE70
�������ऺ .:7@89றऺ �9ऺ ?34>ऺ 0C,8;70யऺ 1:@= 48,20>ऺ B0=0ऺ /=4EE70/ர.:8-490/ऺ ?:ऺ ;=:/@.0ऺ flt.fitsऺ ऺ

யऺ,9/ऺ1:@= 48,20>ऺB0=0ऺ/=4EE70ர.:8-490/ऺ?:ऺ.=0,?0j9cm01010_drz.fits ऺflc.fitsऺ ऺj9cm01010_drc.
றऺ �1ऺ ஧����!"�#஧ऺ3,/ऺ-009ऺ >0?ऺ ?:ऺ ஧9:ய஧ऺ ?30ऺ�>?=:�=4EE70ऺ >?0;ऺB:@7/ऺ3,A0ऺ-009ऺ:84??0/ऺ 49ऺ ?30fits

;4;07490ற
�9ऺ=:Bऺஹயऺ஧�!��ர�!ழ஧ऺ,9/ऺ஧D0>஧ऺ49/4.,?0ऺ?3,?ऺ?30ऺ?B:ऺ48,20>ऺ1=:8ऺ?30ऺ14=>?ऺ஧�!ர"���#஧ऺ஫=:B>ऺழऺ,9/ऺவ஬
B0=0ऺ.:8-490/ऺB4?3ऺ.:>84.ऺ=,Dऺ=050.?4:9ऺ-D ?:ऺ.=0,?0ऺ,9ऺ48,20ऺB4?3ऺ?30ऺ=::?9,80ऺ>;0.4140/ऺ49ऺ.,7,.>ऺ
?30ऺ �������ऺ .:7@89றऺ #34>ऺ B,>ऺ /:90ऺ 1:= ,9/ 48,20>ऺ ?:ऺ .=0,?0ऺ ?30ऺ 1470>ऺ flt.fitsऺ ऺ flc.fitsऺ ऺ

,9/ யऺ=0>;0.?4A07DறJ9CM01011_crj.fitsऺ ऺJ9CM01011_crc.fits
�9ऺ=:Bऺ஺யऺ஧�!��ர�!வ஧ऺ,9/ऺ஧D0>஧ऺ49/4.,?0ऺ?3,?ऺ?30ऺ?B:ऺ48,20>ऺ1=:8ऺ?30ऺ>0.:9/ऺ஧�!ர"���#஧ऺ஫=:B>ऺஶऺ,9/
ஷ஬ऺB0=0ऺ.:8-490/ऺB4?3ऺ.:>84.ऺ=,Dऺ=050.?4:9ऺ-D ?:ऺ.=0,?0ऺ,9ऺ48,20ऺB4?3ऺ?30ऺ=::?9,80ऺ>;0.4140/ऺ.,7,.>ऺ
49ऺ ?30ऺ�������ऺ .:7@89றऺ #34>ऺB,>ऺ /:90ऺ 1:= ऺ ,9/ऺ 48,20>ऺ ?:ऺ .=0,?0ऺ ?30ऺ 1470>ऺflt.fits flc.fitsऺ ऺ

,9/ யऺ=0>;0.?4A07Dறj9cm01012_crj.fitsऺ ऺj9cm01012_crc.fits
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: Figure 2.1 Data Format for Calibrated and Drizzled ACS Modes

For calibrated science data, WFC1 (chip 1) corresponds to extension ['SCI',2] or [4]. Hubble Advanced Products (HAP)
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For calibrated science data, WFC1 (chip 1) corresponds to extension ['SCI',2] or [4]. Hubble Advanced Products (HAP)
images now contain an additional variable number of extensions containing World Coordinate System (WCS)
headerlets for various alignment solutions.
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 Figure 2.2: WFC apertures Compared with the V2/V3 Reference Frame

In pipeline data products, WFC2 is displayed below WFC1 (along the y-axis) and is therefore designated as extension 1.
To display the science image for WFC1, the user must specify the extension fits['SCI',2] or fits[4]. The WFC1 error and
data quality arrays are specified as ['ERR',2] (or [5]) and ['DQ',2] (or [6]), respectively. The readout amplifiers (A,B,C,
D) are indicated on the figure. Refer back to  for the full list of extensions by detector, noting that someFigure 2.1
additional variable number of astrometric headerlet extensions may now also be present for ACS/WFC Hubble
Advanced Products (HAP) images.
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=0>@7?யऺ?30ऺ>4E0ऺ:1ऺ.,74-=,?0/ऺ48,20ऺ1470>ऺ஫ ஬ऺ4>ऺ8@.3ऺ7,=20=றऺ#30ऺ48,20ऺ>4E0ऺ49ऺ;4C07>ऺ4>ऺ24A09ऺ49#,-70ऺவறஷ ऺ#,-70ऺவறஸ
றऺ�,74-=,?0/ऺ48,20>ऺ?,609ऺB4?3ऺ?30ऺ&��ऺ,9/ऺ�!�ऺ/0?0.?:=>ऺ,=0ऺ>8,770=ऺ49ऺ48,20ऺ/4809>4:9>ऺ?3,9ऺ=,Bऺ48,20>
-0.,@>0ऺ,9Dऺ;=0>.,9ऺ,9/ऺ:A0=>.,9ऺ=024:9>ऺ3,A0ऺ-009ऺ?=4880/ऺ/@=492ऺ;=:.0>>492ற

�1?0= .,74-=,?4:9ऺ 49ऺ?30ऺ;4;07490ய .:8-490>ऺ 48,20>ऺ 49ऺ,9ऺ,>>:.4,?4:9ऺ?:ऺ.=0,?0ऺ,ऺ;=:/@.?ऺ.,7,.>ऺ ऺ�>?=:�=4EE70ऺ
B4?3ऺ1:@=ऺ0C?09>4:9>஽ऺ>.409.0ऺ஫"��஬யऺB0423?ऺ஫&�#஬யऺ.:9?0C?ऺ஫�#'஬யऺ,9/ऺ30,/0=ऺ60DB:=/>ऺ஫��!#��஬றऺ�9.0ऺ?30
/4>?:=?4:9ऺ 4>ऺ.:==0.?0/யऺ ?30ऺ>4E0ऺ:1ऺ,ऺ/=4EE70/ऺ 48,20ऺB477ऺ-0ऺ 7,=20=ऺ ஫49ऺ;4C07ऺ/4809>4:9>ऺ,9/ऺ1470ऺ>4E0஬ऺ ?3,9ऺ,
.,74-=,?0/ऺ48,20ऺ-0.,@>0ऺ?30ऺ/=4EE70/ऺ48,20ப>ऺ;=:50.?4:9ऺ:9ऺ?30ऺ>6Dऺ4>ऺ=3:8-@>ர>3,;0/யऺ=,?30=ऺ?3,9ऺ><@,=0ற
�7>:யऺ?30ऺ>4E0ऺ:1ऺ?30ऺ48,20ऺ:11>0?>யऺ1=:8ऺ>@-ர;4C07ऺ/4?30=>ऺ?:ऺ48,20ऺ8:>,4.>யऺB477ऺ49.=0,>0ऺ?30ऺ48,20ऺ1407/ऺ:1
A40Bऺ ,9/ऺ 309.0ऺ ?30ऺ 48,20ऺ >4E0றऺ #30ऺ >;0.414.ऺ /4809>4:9>ऺ :1ऺ ,ऺ /=4EE70/ऺ 48,20ऺ /0;09/>ऺ :9ऺ ?30ऺ 48,20
:=409?,?4:9ऺ,9/ऺ:9ऺB34.3ऺ/4>?:=?4:9ऺ8:/07ऺ4>ऺ49ऺ@>0ऺ49ऺ?30ऺ;4;07490யऺ,9/ऺB477ऺA,=Dऺ>7423?7Dऺ஫,-:@?ऺழ ?: வ ;4C07>஬ऺ ऺ ऺ
/@0ऺ?:ऺ?30ऺ0110.?>ऺ:1ऺA07:.4?Dऺ,-0==,?4:9ற

#,-70ऺவறஷ஽ऺ�4948@8ऺ"4E0ऺ஫49ऺ��஬ऺ:1ऺ!,Bயऺ�,74-=,?0/யऺ,9/ऺ�=4EE70/ऺ��"ऺ�8,20>ऺ1:=ऺ�,.3ऺ�0?0.?:=

�0?0.?:= "4E0ऺ:1ऺ��#"ऺ�470ऺ஫" ஬=,B "4E0ऺ:1ऺ��#"ऺ�470ऺ஫" ஬.,7 "4E0ऺ:1ऺ��#"ऺ�470 ஫" ஬,
/=E

&��ऺ஫வऺ�34;>஬ ஶஷறஷऺ�� ழஹ஻றளऺ�� வவளறளऺ��

�!�ऺ஫ழऺ�34;஬ வறஶऺ�� ழளறஹऺ�� ழஹறளऺ��

"��ऺ஫ழऺ�34;஬ வறழऺ�� ழளறஹऺ�� வ஻றளऺ��

,#30ऺ/=4EE70/ऺ 48,20ऺ>4E0>ऺ,=0ऺ:97Dऺ/4>?:=?4:9ர.:==0.?0/ऺ,9/ऺ,>>@80ऺ9:ऺ,//4?4:9,7ऺ=:?,?4:9யऺ/4?30=ऺ:11>0?யऺ:=
>.,70ऺ.3,920ற
ऺ

#,-70ऺவறஸ஽ऺ"4E0ऺ஫49ऺ�4C07>஬ऺ1:=ऺ!,Bயऺ�,74-=,?0/யऺ,9/ऺ�=4EE70/ऺ��"ऺ�8,20>ऺ1:=ऺ�,.3ऺ�0?0.?:=

�0?0.?:= '=,B (=,B '.,7 (.,7 '/=E
, (/=E

,

&��ऺ஫வऺ�34;>஬ ஷழஷஷ வளஹ஻ ஷள஼ஹ வளஷ஻ ஷவவழ ஷஶஶஷ

&��ழரழ�- ழளஷஹ ழளவஷ ழளவஷ ழளவஷ ழளஹஶ ழளவ஼

&��ழரவ�- வள஺ள வளஷஹ வளஷ஻ வளஷஹ வழவஷ வள஺ஶ

&��ழ�ரழ� வள஺வ ழளவஷ வளஷ஻ ழளவஷ வளவஹ ழள஻வ

&��ழ�ரழ� வள஺வ ழளவஷ வளஷ஻ ழளவஷ வள஺஼ ழள஺ள
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&��வ�ரழ� வள஺வ ழளவஷ வளஷ஻ ழளவஷ வளஷ஺ ழள஼ழ

&��வ�ரழ� வள஺வ ழளவஷ வளஷ஻ ழளவஷ வழழழ ழள஼ழ

&��ழ�ரவ� வள஺வ வளஹ஻ வளஷ஻ வளஷ஻ வள஻வ வள஺ஸ

&��ழ�ரவ� வள஺வ வளஹ஻ வளஷ஻ வளஷ஻ வழவஷ வள஺ஸ

&��வ�ரவ� வள஺வ வளஹ஻ வளஷ஻ வளஷ஻ வள஻஼ வழழவ

&��வ�ரவ� வள஺வ வளஹ஻ வளஷ஻ வளஷ஻ வழஷவ வழவஶ

&��ழ�ரஸழவ வள஺வ ஸழவ வளஷ஻ ஸழவ ழ஼஼ஷ ஸ஼ஷ

&��ழ�ரஸழவ வள஺வ ஸழவ வளஷ஻ ஸழவ வளஸஸ ஸ஺ஹ

&��வ�ரஸழவ வள஺வ ஸழவ வளஷ஻ ஸழவ வளவ஺ ஸ஺ஷ

&��வ�ரஸழவ வள஺வ ஸழவ வளஷ஻ ஸழவ வள஼ஹ ஸஹ஼

�!�ऺ஫ழऺ�34;஬ ழளஹவ ழளஷஷ ழளவஷ ழளவஷ ழழஹஶ ழழஶஷ

"��ऺ஫ழऺ�34;஬ ழளவஷ ழளவஷ ழளவஷ ழளவஷ ழஷவஶ ழஹஷள

,#30ऺ/=4EE70/ऺ 48,20ऺ>4E0>ऺ,=0ऺ:97Dऺ/4>?:=?4:9ர.:==0.?0/ऺ,9/ऺ,>>@80ऺ9:ऺ,//4?4:9,7ऺ=:?,?4:9யऺ/4?30=ऺ:11>0?யऺ:=
>.,70ऺ.3,920றऺ#30ऺ>4E0ऺ:1ऺ/=4EE70/ऺ48,20>ऺB477ऺA,=Dऺ>7423?7Dऺ/@0ऺ?:ऺA07:.4?Dऺ,-0==,?4:9ऺ0110.?>ற

-#30>0ऺ,=0ऺ,A,47,-70ऺ-@?ऺ@9>@;;:=?0/ऺ8:/0>ற

&3470ऺ?30ऺ>4E0ऺ:1ऺ.,74-=,?0/யऺ/=4EE70/ऺ�!�ऺ,9/ऺ"��ऺ48,20>ऺ4>ऺ.:8;,=,-70ऺ?:ऺ?3,?ऺ:1ऺ"#�"யऺ&���வயऺ:=ऺ&��ஶऺ�!
/,?,யऺ ?30ऺ��"ऺ&��ऺ 48,20>ऺ,=0ऺ:A0=ऺ ழஹऺ ?480>ऺ 7,=20=ऺ,9/ऺ .:8;,=,-70ऺ ?:ऺ ?3,?ऺ:1ऺ&��ஶऺ$%�"றऺ #30ऺ 1:77:B492
0<@,?4:9ऺ.,9ऺ-0ऺ@>0/ऺ?:ऺ0>?48,?0ऺ?30ऺ84948@8ऺ,8:@9?ऺ:1ऺ1=00ऺ>?:=,20ऺ=0<@4=0/ऺ1:=ऺ;=:.0>>492ऺ,>>:.4,?0/
=,Bऺ��"ऺ/,?,யऺ>49.0ऺ?30Dऺ/:ऺ��#ऺ3,A0ऺ�@--70ऺ�/A,9.0/ऺ�=:/@.?ऺ஫���஬ऺ30,/0=70?ऺ0C?09>4:9>஽

ऺB30=0ய

�849ऺ4>ऺ?30ऺ84948@8ऺ1=00ऺ/4>6ऺ>;,.0ऺ=0<@4=0/ऺ1:=ऺ;=:.0>>492ய
9ऺ4>ऺ?30ऺ9@8-0=ऺ:1ऺ0C;:>@=0>ऺ49ऺ0,.3ऺ஧�!ர"���#஧ऺ>0?ऺ:=ऺ=0;0,?0/ऺ0C;:>@=0>ऺ1:=ऺ,9ऺ:->0=A,?4:9ய
8ऺ4>ऺவऺB309ऺ-:?3ऺ=02@7,=ऺ,9/ऺ�#�ர.:==0.?0/ऺ&��ऺ;=:/@.?>ऺ,=0ऺ-0492ऺ;=:/@.0/றऺ�?30=B4>0 4>ऺழயऺ8ऺ
"=,Bऺ4>ऺ?30ऺ>4E0ऺ:1ऺ?30ऺ=,Bऺ0C;:>@=0ऺ஫1=:8ऺ ஬ய#,-70ऺவறஷ
".,7ऺ4>ऺ?30ऺ>4E0ऺ:1ऺ?30ऺ.,74-=,?0/ऺ0C;:>@=0ऺ஫1=:8 ஬யऺ#,-70ऺவறஷ
"/=Eऺ4>ऺ?30ऺ>4E0ऺ:1ऺ?30ऺ/4>?:=?4:9ர.:==0.?0/ऺ0C;:>@=0ऺ஫1=:8 ஬யऺ#,-70ऺவறஷ
;ऺ4>ऺ?30ऺ;0=.09?,20ऺ>341?ऺ஫49ऺ;4C07>஬ऺ,.=:>>ऺ,77ऺ/4?30=ऺ;:>4?4:9>ற

வறஷऺ�0,/0=>ऺ,9/ऺ�0DB:=/>



31

வறஷऺ�0,/0=>ऺ,9/ऺ�0DB:=/>

��"ऺ 48,20ऺ 30,/0=>ऺ 1:=ऺ&��யऺ �!�யऺ �!�ர�� யऺ ,9/ऺ "��ऺ :->0=A,?4:9>ऺ 3,A0ऺ A0=Dऺ >4847,=ऺ 1:=8,?>றऺ �:B0A0=ய
����ऺ ஫"��஬ऺ 30,/0=>ऺ =0<@4=0ऺ ,ऺ >7423?7Dऺ8:/4140/ऺ >?=@.?@=0ऺ 1=:8ऺ ?30ऺ ���ऺ 1:=8,?யऺ ,9/ऺ �!�ர�� ऺ 30,/0=>
=0<@4=0ऺ>0A0=,7ऺ@94<@0ऺ60DB:=/>ற

��"ऺ30,/0=ऺ60DB:=/>ऺ.,9ऺ-0ऺA40B0/ऺ49ऺ>0A0=,7ऺB,D>றऺ#30ऺ0C,8;70ऺ-07:Bऺ>3:B>ऺ3:Bऺ?30>0ऺ?,>6>ऺ,=0ऺ@>0/ऺ?:
;=49?ऺ?30ऺA,7@0ऺ1:=ऺ?30ऺ"��ऺ0C?09>4:9ऺ30,/0=ऺ60DB:=/ऺ ऺB4?3ऺ�D?3:9றCRVAL1

from astropy.io import fits
 
hdu = fits.open('j8cda1dsq_flt.fits')
hdr = hdu['sci',1].header
hdu.close()
 
print(hdr['CRVAL1'])

#30ऺ:@?;@?ऺ4>ऺஸற஼ஸவ஺஺ஸஷஶ஻஼ஶஹளள஼ற

��"ऺ 48,20ऺ30,/0=ऺ60DB:=/>ऺ,=0ऺ/0>.=4-0/ऺ 49ऺ#,-70> ,9/ றऺ&309ऺ;=49?492ऺ ?30ऺ30,/0=யऺ9:?0ऺ ?3,?ऺ ?30ऺவறஹऺ ऺவற஺
60DB:=/>ऺ ,=0ऺ 2=:@;0/ऺ ?:20?30=ऺ -Dऺ ?D;0யऺ 0ற2றயऺ ஧#,=20?ऺ �91:=8,?4:9ய஧ऺ ஧".409.0ऺ �9>?=@809?ऺ �:9142@=,?4:9ய஧
஧�,74-=,?4:9ऺ"B4?.30>ய஧ऺ,9/ऺ஧�,74-=,?4:9ऺ!010=09.0ऺ1470>ற஧ऺ#30=0ऺ,=0ऺ,7>:ऺ.:9A09409.0ऺ1@9.?4:9>ऺ1:=ऺ<@0=D492
30,/0=ऺ60DB:=/>றऺ�:=ऺ8:=0ऺ491:=8,?4:9யऺ>00ऺ?30 றऺ�>?=:;Dऺ/:.@809?,?4:9

�0DB:=/>ऺ 49ऺ?30ऺ 48,20ப>ऺ;=48,=Dऺ30,/0=ऺ஫��#"ऺ0C?09>4:9ऺள஬ऺ.:9?,49ऺ;,=,80?0=ऺA,7@0>ऺ?3,?ऺ,=0ऺ.:88:9ऺ?:
?30ऺ09?4=0ऺ48,20ऺ/,?,>0?யऺ,9/ऺ,=0ऺ24A09ऺ49 றऺ#,-70ऺவறஹ
�C?09>4:9ऺ:=ऺ2=:@;ऺ30,/0=ऺ60DB:=/>ऺ஫��#"ऺ0C?09>4:9>ऺுऺள஬யऺ,>ऺ>3:B9ऺ49 யऺ.:9?,49ऺ;,=,80?0=ऺA,7@0>ऺ#,-70ऺவற஺
?3,?ऺ ,=0ऺ >;0.414.ऺ ?:ऺ ?30ऺ 48,20ऺ 2=:@;ऺ ஫3:B0A0=யऺ8,9Dऺ ;=48,=Dऺ 30,/0=ऺ 60DB:=/ऺ A,7@0>ऺ ,=0ऺ ,7>:ऺ ,..0>>4-70
B309ऺ<@0=D492ऺ,9ऺ48,20ऺ2=:@;ऺ30,/0=஬ற

#,-70ऺவறஹ஽ऺ��"ऺ;=48,=Dऺ30,/0=ऺ60DB:=/>ऺ ஫��#"ऺ0C?09>4:9ऺள஬றऺ":80ऺ60DB:=/>ऺ,=0ऺ9:ऺ 7:920=ऺ 49ऺ@>0யऺ-@?ऺ,=0
49.7@/0/ऺ1:=ऺ@>0=>ऺB3:ऺ8,Dऺ3,A0ऺ:7/0=ऺ/,?,ற

��(&�!� ��"�!��#���

SIMPLE �,?,ऺ.:91:=8ऺ?:ऺ��#"ऺ>?,9/,=/ऺ஫ ல ஬T F

BITPIX �4?>ऺ;0=ऺ/,?,ऺA,7@0

NAXIS �@8-0=ऺ:1ऺ/,?,ऺ,C0>யऺ,7B,D>ऺ>0?ऺ?:ऺE0=:ऺ1:=ऺ?30ऺ;=48,=Dऺ30,/0=

EXTEND ��#"ऺ/,?,ऺ8,Dऺ.:9?,49ऺ0C?09>4:9>ऺ஫ ல ஬T F

ORIGIN ��#"ऺ1470ऺ:=4249,?:=

NEXTEND �@8-0=ऺ:1ऺ>?,9/,=/ऺ0C?09>4:9>

GROUPS �8,20ऺ4>ऺ49ऺ2=:@;ऺ1:=8,?ऺ஫ ல ஬T F

DATE �,?0ऺ?34>ऺ1470ऺB,>ऺB=4??09ऺ஫((((ர��ர��஬

FILENAME �,80ऺ:1ऺ1470

FILETYPE #D;0ऺ:1ऺ/,?,ऺ1:@9/ऺ49ऺ/,?,ऺ1470

http://docs.astropy.org/en/latest/io/fits/index.html%23convenience-functions
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TELESCOP #070>.:;0ऺ@>0/ऺ?:ऺ,.<@4=0ऺ/,?,

INSTRUME �/09?4140=ऺ1:=ऺ49>?=@809?ऺ@>0/ऺ?:ऺ,.<@4=0ऺ/,?,

EQUINOX �<@49:Cऺ:1ऺ.070>?4,7ऺ.::=/49,?0ऺ>D>?08

��#�ऺ��"�!��#���ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>஬

ROOTNAME !::?9,80ऺ:1ऺ?30ऺ:->0=A,?4:9ऺ>0?

IMAGETYP #D;0ऺ:1ऺ0C;:>@=0ऺ4/09?4140=

PRIMESI �9>?=@809?ऺ/0>429,?0/ऺ,>ऺ;=480

#�!��#ऺ����!��#���ऺ஫,77ऺ/0?0.?:=>஬

TARGNAME �=:;:>0=ப>ऺ?,=20?ऺ9,80

RA_TARG !423?ऺ,>.09>4:9ऺ:1ऺ?30ऺ?,=20?ऺ஫/02ாऺ�வளளள஬

DEC_TARG �0.749,?4:9ऺ:1ऺ?30ऺ?,=20?ऺ஫/02ாऺ�வளளள஬

�!���"��ऺ����!��#���ऺ஫,77ऺ/0?0.?:=>஬

PROPOSID ���ऺ;=:;:>,7ऺ4/09?4140=

LINENUM �=:;:>,7ऺ7:2>300?ऺ7490ऺ9@8-0=

PR_INV_L �,>?ऺ9,80ऺ:1ऺ?30ऺ;=49.4;,7ऺ49A0>?42,?:=

PR_INV_F �4=>?ऺ9,80ऺ:1ऺ?30ऺ;=49.4;,7ऺ49A0>?42,?:=

PR_INV_M �4//70ऺ9,80ல494?4,7ऺ:1ऺ?30ऺ;=49.4;,7ऺ49A0>?42,?:=

�'��"$!�ऺ����!��#���ऺ஫,77ऺ/0?0.?:=>஬

SUNANGLE �9270ऺ-0?B009ऺ?30ऺ"@9ऺ,9/ऺ%ழऺ,C4>

MOONANGL �9270ऺ-0?B009ऺ?30ऺ�::9ऺ,9/ऺ%ழऺ,C4>

SUN_ALT �7?4?@/0ऺ:1ऺ?30ऺ"@9ऺ,-:A0ऺ�,=?3ப>ऺ748-

FGSLOCK �:88,9/0/ऺ��"ऺ7:.6ऺ஫ யऺ யऺ யऺ ஬FINE COARSE GYROS UNKNOWN

GYROMODE �@8-0=ऺ:1ऺ2D=:>ऺ>.30/@70/யऺ#ீஶம����ऺ஫9@8-0=ऺ:1ऺ2D=:>ऺ,A,47,-70ऺ1:=ऺ@>0஬

REFFRAME �@4/0ऺ>?,=ऺ.,?,7:2ऺA0=>4:9

MTFLAG �:A492ऺ?,=20?ऺ17,2ऺ஫ ீ8:A492ऺ?,=20?஬T

DATE-OBS $#ऺ/,?0ऺ:1ऺ:->0=A,?4:9ऺ>?,=?ऺ஫((((ர��ர��஬

TIME-OBS $#ऺ?480ऺ:1ऺ:->0=A,?4:9ऺ>?,=?ऺ஫��஽��஽""஬

EXPSTART �C;:>@=0ऺ>?,=?ऺ?480ऺ஫8:/4140/ऺ�@74,9ऺ/,?0஬

EXPEND �C;:>@=0ऺ09/ऺ?480ऺ஫8:/4140/ऺ�@74,9ऺ/,?0஬
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EXPTIME �C;:>@=0ऺ/@=,?4:9ऺ49ऺ>0.:9/>ऺ஫.,7.@7,?0/ாऺ0C;:>@=0ऺ?480ऺ,>ऺ0C0.@?0/஬

TEXPTIME #:?,7ऺ0C;:>@=0ऺ?480ऺ1:=ऺ/=4EE70/ऺ;=:/@.?

DARKTIME #:?,7ऺ49?02=,?4:9ऺ?480ऺ1:=ऺ/0?0.?:=ऺ/,=6ऺ.@==09?ऺ49ऺ>0.:9/>ऺ஫.,7.@7,?0/஬

EXPFLAG �C;:>@=0ऺ49?0==@;?4:9ऺ49/4.,?:=

QUALCOM1ய

QUALCOM2ய

QUALCOM3ய

QUALITY

�,?,ऺ<@,74?Dऺ.:8809?>றऺ#30>0ऺ60DB:=/>ऺ,=0ऺ;:;@7,?0/ऺ41ऺ?30=0ऺ,=0ऺ;=:-708>ऺB4?3ऺ?30ऺ
0C;:>@=0ற

����#���ऺ����!��#���ऺ஫,77ऺ/0?0.?:=>஬

PA_V3 �:>4?4:9ऺ,9270ऺ:1ऺ?30ऺ%ஶர,C4>ऺ:1ऺ ऺ஫/02஬�"#

#�!��#ऺ���"�#"ऺ஫,77ऺ/0?0.?:=>஬

POSTARG1 ��"#�!�ऺ49ऺ,C4>ऺழऺ/4=0.?4:9

POSTARG2 ��"#�!�ऺ49ऺ,C4>ऺவऺ/4=0.?4:9

������"#��ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>஬

OPUS_VER ��$"ऺ>:1?B,=0ऺ>D>?08ऺA0=>4:9ऺ9@8-0=

CSYS_VER �,74-=,?4:9ऺ>:1?B,=0ऺ>D>?08ऺA0=>4:9ऺ9@8-0=

CAL_VER .,7,.>ऺA0=>4:9ऺ9@8-0=

PROCTIME �4;07490ऺ;=:.0>>492ऺ?480ऺ஫8:/4140/ऺ�@74,9ऺ/,?0஬

"������ऺ��"#!$���#ऺ������$!�#���ऺ஫,77ऺ/0?0.?:=>ऺ0C.0;?ऺB30=0ऺ9:?0/஬

OBSTYPE �->0=A,?4:9ऺ?D;0ऺ஫48,2492யऺ>;0.?=:>.:;4.யऺ.:=:9,2=,;34.஬

OBSMODE �;0=,?492ऺ8:/0

CTEIMAGE #D;0ऺ:1ऺ.3,=20ऺ?=,9>10=ऺ48,20யऺ41ऺ,;;74.,-70

SCLAMP �,8;ऺ>?,?@>஽ऺ ऺ:=ऺ9,80ऺ:1ऺ7,8;ऺB34.3ऺ4>ऺ:9NONE

NRPTEXP �@8-0=ऺ:1ऺ=0;0,?ऺ0C;:>@=0>ऺ49ऺ>0?ऺ஫/01,@7?ீழ஬

SUBARRAY �,?,ऺ1=:8ऺ,ऺ>@-,==,Dऺ஫#஬ऺ:=ऺ1@77ऺ1=,80ऺ஫�஬

DETECTOR �0?0.?:=ऺ49ऺ@>0஽ऺ யऺ யऺ:=ऺWFC HRC SBC

FILTER1 �70809?ऺ>070.?0/ऺ1=:8ऺ147?0=ऺB3007ऺழ

FW1OFFST �:8;@?0/ऺ147?0=ऺB3007ऺ:11>0?
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FW1ERROR �47?0=ऺB3007ऺ;:>4?4:9ऺ0==:=ऺ17,2

FILTER2 �70809?ऺ>070.?0/ऺ1=:8ऺ147?0=ऺB3007ऺவ

FW2OFFST �:8;@?0=ऺ147?0=ऺB3007ऺ:11>0?

FW2ERROR �47?0=ऺB3007ऺ;:>4?4:9ऺ0==:=ऺ17,2

FWSOFFST �:8;@?0/ऺ147?0=ऺB3007ऺ:11>0?ऺ

FWSERROR �47?0=ऺB3007ऺ;:>4?4:9ऺ0==:=ऺ17,2

LRFWAVE �=:;:>0/ऺ7490,=ऺ=,8;ऺ147?0=ऺB,A07092?3

APERTURE �;0=?@=0ऺ9,80

PROPAPER �=:;:>0/ऺ,;0=?@=0ऺ9,80

DIRIMAGE �4=0.?ऺ48,20ऺ1:=ऺ2=4>8ऺ:1ऺ;=4>8ऺ0C;:>@=0

CTEDIR �#�ऺ80,>@=0809?ऺ/4=0.?4:9ऺ஫>0=4,7ऺ:=ऺ;,=,7707ாऺ���>ऺ:97D஬

CRSPLIT �@8-0=ऺ:1ऺ.:>84.ऺ=,Dऺ>;74?ऺ0C;:>@=0>ऺ஫���>ऺ:97D஬

����ऺ���"�#"ऺ஫"��ऺ:97D஬

MOFFSET1 �C4>ऺழऺ����ऺ:11>0?ऺ஫7:Bர=0>ऺ;4C07>஬

MOFFSET2 �C4>ऺவऺ����ऺ:11>0?ऺ஫7:Bர=0>ऺ;4C07>஬

�����ऺ!�#�ऺ�����ऺ�����ऺ஫"��ऺ:97D஬

LRC_XSTS �:.,7ऺ=,?0ऺ.30.6ऺ48,20ऺ0C4>?>ऺ஫ ல ஬T F

LRC_FAIL �:.,7ऺ=,?0ऺ.30.6ऺ1,470/ऺ஫ ல ஬T F

�����!�#���ऺ"&�#���"஽ऺ��!��!�யऺ���#ऺ஫,77ऺ/0?0.?:=>ऺ0C.0;?ऺB30=0ऺ9:?0/஬

STATFLAG �,7.@7,?0ऺ>?,?4>?4.>ऺ஫9:?ऺ@>0/ாऺ>?,?4>?4.>ऺ,=0ऺ,7B,D>ऺ.,7.@7,?0/ऺ-Dऺ ஬.,7,.>

WRTERR &=4?0ऺ:@?ऺ0==:=ऺ,==,Dऺ0C?09>4:9ऺ஫9:?ऺ@>0/ாऺ,7B,D>ऺ?=@0ऺ1:=ऺ ஬.,7,.>

DQICORR �,?,ऺ<@,74?Dऺ494?4,74E,?4:9

ATODCORR �:==0.?ऺ1:=ऺ,9,7:2ர?:ர/424?,7ऺ.:9A0=>4:9ऺ0==:=>ऺ஫���>ऺ:97Dாऺ9:?ऺ@>0/ऺ-Dऺ ஬.,7,.>

BLEVCORR "@-?=,.?ऺ-4,>ऺ70A07ऺ.:8;@?0/ऺ1=:8ऺ:A0=>.,9ऺ48,20ऺ஫���>ऺ:97D஬

BIASCORR "@-?=,.?ऺவர�ऺ-4,>ऺ48,20ऺ஫���>ऺ:97D஬

FLSHCORR �:>?ர17,>3ऺ.:==0.?4:9ऺ஫���>ऺ:97D஬

CRCORR �:8-490ऺ:->0=A,?4:9>ऺ?:ऺ=050.?ऺ.:>84.ऺ=,D>ऺ஫���>ऺ:97D஬

EXPSCORR �=:.0>>ऺ49/4A4/@,7ऺ:->0=A,?4:9>ऺ,=0ऺ.:>84.ऺ=,Dऺ=050.?4:9ऺ஫���>ऺ:97D஬

SHADCORR �;;7Dऺ>3@??0=ऺ>3,/492ऺ.:==0.?4:9ऺ஫���>ऺ:97Dாऺ,7B,D>ऺ>0?ऺ?:ऺ ऺ1:=ऺ��"஬OMIT
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GLINCORR �:==0.?ऺ1:=ऺ27:-,7ऺ/0?0.?:=ऺ9:9ர7490,=4?40>ऺ஫"��ऺ:97D஬

LFLGCORR �7,2ऺ;4C07>ऺ1:=ऺ7:.,7ऺ,9/ऺ27:-,7ऺ9:9ர7490,=4?40>ऺ஫"��ऺ:97D஬

PCTECORR �#�ऺ.:==0.?4:9ऺ஫,7B,D>ऺ>0?ऺ?:ऺ ऺ1:=ऺ9:9ர&��ऺ0C;:>@=0>஬OMIT

DARKCORR "@-?=,.?ऺ/,=6ऺ48,20

FLATCORR �7,?ர1407/ऺ/,?,

PHOTCORR �:;@7,?0ऺ;3:?:80?=4.ऺ30,/0=ऺ60DB:=/>

RPTCORR �//ऺ49/4A4/@,7ऺ=0;0,?ऺ:->0=A,?4:9>

DRIZCORR �=4EE70ऺ;=:.0>>492

SINKCORR �7,2ऺ>496ऺ;4C07>ऺ஫,110.?>ऺ&��ऺ:97Dऺ>49.0ऺவளழஸ஬

�����!�#���ऺ!���!����ऺ����"ऺ஫,77ऺ/0?0.?:=>ऺ0C.0;?ऺB30=0ऺ9:?0/஬

BPIXTAB �,/ऺ;4C07ऺ?,-70

MLINTAB ����ऺ7490,=4?Dऺ.:==0.?4:9ऺ?,-70ऺ஫"��ऺ:97D஬

CCDTAB ���ऺ.,74-=,?4:9ऺ;,=,80?0=ऺ?,-70ऺ஫���>ऺ:97D஬

ATODTAB �9,7:2ர?:ர/424?,7ऺ.:==0.?4:9ऺ1470ऺ஫���>ऺ:97Dாऺ9:?ऺ@>0/ऺ-Dऺ ஬.,7,.>

OSCNTAB ���ऺ:A0=>.,9ऺ?,-70ऺ஫���>ऺ:97D஬

BIASFILE வர�ऺ-4,>ऺ48,20ऺ1470ऺ9,80ऺ஫���>ऺ:97D஬

FLSHFILE �:>?ர17,>3ऺ.:==0.?4:9ऺ1470ऺ஫���>ऺ:97D஬

CRREJTAB �:>84.ऺ=,Dऺ=050.?4:9ऺ;,=,80?0=>ऺ஫���>ऺ:97D஬

SHADFILE "3@??0=ऺ>3,/492ऺ.:==0.?4:9ऺ1470ऺ஫���>ऺ:97Dாऺ9:?ऺ@>0/ऺ-Dऺ ஬.,7,.>

PCTETAB �#�ऺ.:==0.?4:9ऺ?,-70ऺ஫,7B,D>ऺ>0?ऺ?:ऺ ऺ1:=ऺ9:9ர&��ऺ0C;:>@=0>஬N/A

DRKCFILE �#�ர.:==0.?0/ऺ/,=6ऺ48,20ऺ1470ऺ9,80ऺ஫,7B,D>ऺ>0?ऺ?:ऺ ऺ1:=ऺ9:9ர&��ऺ0C;:>@=0>஬N/A

DARKFILE �,=6ऺ48,20ऺ1470ऺ9,80

PFLTFILE �4C07ர?:ர;4C07ऺ17,?ர1407/ऺ9,80

DFLTFILE �07?,ऺ17,?ர1407/ऺ9,80

LFLTFILE �:Bர:=/0=ऺ17,?ர1407/ऺ9,80

PHOTTAB �3:?:80?=4.ऺ?3=:@23;@?ऺ?,-70ऺ஫9:?ऺ@>0/ऺ-Dऺ ஬.,7,.>

GRAPHTAB �"#ऺ2=,;3ऺ?,-70ऺ஫9:?ऺ@>0/ऺ-Dऺ ஬.,7,.>

COMPTAB �"#ऺ.:8;:909?>ऺ?,-70ऺ஫9:?ऺ@>0/ऺ-Dऺ ஬.,7,.>

IDCTAB �8,20ऺ/4>?:=?4:9ऺ.:==0.?4:9ऺ?,-70
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DGEOFILE �4>?:=?4:9ऺ.:==0.?4:9ऺ48,20ऺ஫9:?ऺ@>0/ऺ-Dऺ ऺ1:=ऺ ஬�>?=:�=4EE70 .,7,.>

MDRIZTAB �>?=:�=4EE70ऺ;,=,80?0=ऺ?,-70

CFLTFILE �:=:9,2=,;34.ऺ>;:?ऺ17,?ர1407/ऺ9,80

SPOTTAB �:=:9,2=,;34.ऺ>;:?ऺ:11>0?ऺ?,-70

IMPHTTAB �8,20ऺ;3:?:80?=Dऺ?,-70

D2IMFILE �:7@89ऺ.:==0.?4:9ऺ=010=09.0ऺ1470>

NPOLFILE �:9ர;:7D9:84,7ऺ:11>0?>ऺ=010=09.0ऺ1470>

SKNCFILE �,;ऺ:1ऺ>496ऺ;4C07>ऺ஫,110.?>ऺ&��ऺ:97Dऺ>49.0ऺவளழஸ஬

SATUFILE �@77ரB077ऺ>,?@=,?4:9ऺ70A07ऺ8,;

��"���ऺ!�(ऺ!����#���ऺ����!�#��ऺ��!���#�!"ऺ஫&��யऺ�!�யऺ�!�ऺ�� ஬

MEANEXP !010=09.0ऺ0C;:>@=0ऺ?480ऺ1:=ऺ;,=,80?0=>

SCALENSE �@7?4;74.,?4A0ऺ>.,70ऺ1,.?:=ऺ,;;740/ऺ?:ऺ9:4>0

INITGUES �94?4,7ऺ2@0>>ऺ80?3:/ऺ஫ ऺ:=ऺ ஬MIN MED

SKYSUB "6DऺA,7@0ऺ>@-?=,.?0/ऺ஫ ऺ:=ऺ ஬MODE NONE

SKYSUM "6Dऺ70A07ऺ1=:8ऺ?30ऺ>@8ऺ:1ऺ,77ऺ.:9>?4?@09?ऺ48,20>

CRSIGMAS "?,?4>?4.,7ऺ=050.?4:9ऺ.=4?0=4,

CRRADIUS !050.?4:9ऺ;=:;,2,?4:9ऺ=,/4@>ऺ஫;4C07>஬

CRTHRESH !050.?4:9ऺ;=:;,2,?4:9ऺ?3=0>3:7/

BADINPQD �,?,ऺ<@,74?Dऺ17,2ऺ-4?>ऺ?:ऺ=050.?

REJ_RATE !,?0ऺ,?ऺB34.3ऺ;4C07>ऺ,=0ऺ,110.?0/ऺ-Dऺ.:>84.ऺ=,D>

CRMASK �7,2ऺ.:>84.ऺ=,Dர=050.?0/ऺ;4C07>ऺ49ऺ49;@?ऺ1470>ऺ஫ ல ஬T F

�#�!ऺ�0DB:=/>ऺ஫,77ऺ/0?0.?:=>஬

T_SGSTAR ��"ऺ.,7.@7,?0/ऺ2@4/0ऺ>?,=ऺ.:9?=:7

��##�!�ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>஬

PATTERN1 �=48,=Dऺ;,??0=9ऺ?D;0

P1_SHAPE �=48,=Dऺ;,??0=9ऺ>3,;0

P1_PURPS �=48,=Dऺ;,??0=9ऺ;@=;:>0

P1_NPTS �@8-0=ऺ:1ऺ;:49?>ऺ49ऺ;=48,=Dऺ;,??0=9

P1_PSPAC �:49?ऺ>;,.492ऺ1:=ऺ;=48,=Dऺ;,??0=9ऺ஫,=.>0.஬
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P1_LSPAC �490ऺ>;,.492ऺ1:=ऺ;=48,=Dऺ;,??0=9ऺ஫,=.>0.஬

P1_ANGLE �9270ऺ-0?B009ऺ>4/0>ऺ:1ऺ;,=,7707:2=,8ऺ;,??0=9ऺ஫/02஬

P1_FRAME �::=/49,?0ऺ1=,80ऺ:1ऺ;=48,=Dऺ;,??0=9

P1_ORINT �=409?,?4:9ऺ:1ऺ;,??0=9ऺ?:ऺ.::=/49,?0ऺ1=,80ऺ஫/02஬

P1_CENTR �09?0=ऺ;,??0=9ऺ=07,?4A0ऺ?:ऺ;:49?492ऺ஫D0>ல9:஬

PATTSTEP �:>4?4:9ऺ9@8-0=ऺ:1ऺ?34>ऺ;:49?ऺ49ऺ?30ऺ;,??0=9

��"#ர���"�ऺ��!���#�!"ऺ஫&��யऺ�!�யऺ�!�ऺ�� ஬

FLASHDUR �C;:>@=0ऺ?480ऺ49ऺ>0.:9/>ऺ஫ளறழऺ?:ऺஷள஼றஸ஬

FLASHCUR �:>?ர17,>3ऺ.@==09?ऺ஫ யऺ யऺ யऺ ஬OFF LOW MED HIGH

FLASHSTA "?,?@>ऺ஫ யऺ யऺ ஬SUCCESSFUL ABORTED NOT PERFORMED

SHUTRPOS "3@??0=ऺ;:>4?4:9ऺ஫ ऺ:=ऺ ஬A B

�������!���ऺ��!���#�!"ऺ஫&��யऺ�!�யऺ�!�ऺ�� ஬

CCDAMP ���ऺ,8;74140=ऺ=0,/:@?ऺ.:9142@=,?4:9

CCDGAIN �:88,9/0/ऺ2,49ऺ:1ऺ���ऺ஫070.?=:9>ல��஬

CCDOFSTA �:88,9/0/ऺ���ऺ-4,>ऺ:11>0?ऺ1:=ऺ,8;74140=ऺ�

CCDOFSTB �:88,9/0/ऺ���ऺ-4,>ऺ:11>0?ऺ1:=ऺ,8;74140=ऺ�

CCDOFSTC �:88,9/0/ऺ���ऺ-4,>ऺ:11>0?ऺ1:=ऺ,8;74140=ऺ�

CCDOFSTD �:88,9/0/ऺ���ऺ-4,>ऺ:11>0?ऺ1:=ऺ,8;74140=ऺ�

JWROTYPE �"��ऺ&��ऺ=0,/:@?ऺ?D;0ऺ஫ ऺ1:=ऺ/@,7ர>7:;0ऺ49?02=,?4:9ऺ:=ऺ ऺ1:=ऺ.7,8;ர,9/ர>,8;70஬DS_int CLAMP

�����!�#��ऺ�������!���ऺ��!���#�!"ऺ஫&��யऺ�!�யऺ�!�ऺ�� ஬

ATODGNA �,74-=,?0/ऺ2,49ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>ல��஬

ATODGNB �,74-=,?0/ऺ2,49ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>ல��஬

ATODGNC �,74-=,?0/ऺ2,49ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>ல��஬

ATODGND �,74-=,?0/ऺ2,49ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>ல��஬

READNSEA �,74-=,?0/ऺ=0,/ऺ9:4>0ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>஬

READNSEB �,74-=,?0/ऺ=0,/ऺ9:4>0ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>஬

READNSEC �,74-=,?0/ऺ=0,/ऺ9:4>0ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>஬

READNSED �,74-=,?0/ऺ=0,/ऺ9:4>0ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>஬

BIASLEVA �4,>ऺ70A07ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>஬
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BIASLEVB �4,>ऺ70A07ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>஬

BIASLEVC �4,>ऺ70A07ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>஬

BIASLEVD �4,>ऺ70A07ऺ1:=ऺ,8;74140=ऺ�ऺ஫070.?=:9>஬

#�!��#ऺ�� $�"�#���ऺ��!���#�!"ऺ஫�!�ऺ�� ऺ:97D஬

AUTHOR �0,/0=70?ऺ.=0,?0/ऺ-Dऺ?34>ऺ@>0=

CATALOG �>?=:80?=4.ऺ.,?,7:2ऺ@>0/ऺ1:=ऺ30,/0=70?ऺ>:7@?4:9

DESCRIP "3:=?ऺ/0>.=4;?4:9ऺ:1ऺ30,/0=70?

DESTIM �0>?49,?4:9ऺ:->0=A,?4:9ऺ=::?9,80

HDRNAME �0,/0=70?ऺ9,80

NMATCH �@8-0=ऺ:1ऺ>:@=.0>ऺ@>0/ऺ1:=ऺ30,/0=70?ऺ>:7@?4:9

RMS_DEC !�"ऺ49ऺ/0.749,?4:9ऺ,?ऺ=010=09.0ऺ;4C07ऺ:1ऺ30,/0=70?ऺ>:7@?4:9

RMS_RA !�"ऺ49ऺ=423?ऺ,>.09>4:9ऺ,?ऺ=010=09.0ऺ;4C07ऺ:1ऺ30,/0=70?ऺ>:7@?4:9

�""����#���ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>஬

ASN_ID $94<@0ऺ4/09?4140=ऺ,>>4290/ऺ?:ऺ,>>:.4,?4:9

ASN_TAB �,80ऺ:1ऺ?30ऺ,>>:.4,?4:9ऺ?,-70

ASN_MTYP !:70ऺ:1ऺ?30ऺ808-0=ऺ49ऺ?30ऺ,>>:.4,?4:9

CRDS_CTX �,>?0=ऺ.,74-=,?4:9ऺ=010=09.0ऺ>D>?08ऺ1470

CRDS_VER �,74-=,?4:9ऺ=010=09.0ऺ>D>?08ऺA0=>4:9ऺ9@8-0=

�#�ऺ��!!��#���ऺ��(&�!�"ऺ஫&��ऺ:97D஬

CTE_NAME �#�ऺ,72:=4?38ऺ9,80

CTE_VER �#�ऺ,72:=4?38ऺA0=>4:9

CTEDATE0 �,?0ऺ:1ऺ��"ऺ49>?,77,?4:9

PCTETRSH �#�ऺ:A0=ऺ>@-?=,.?4:9ऺ?3=0>3:7/

CTEDATE1 �,?0ऺ:1ऺ�#�ऺ8:/07ऺ;499492

PCTEFRAC �#�ऺ>.,7492ऺ1,.?:=

PCTELEN �,C48@8ऺ7092?3ऺ:1ऺ�#�ऺ?=,47

PCTERNOI !0,/ऺ9:4>0ऺ,8;74140=ऺ.74;ऺ7484?

PCTENFOR �@8-0=ऺ:1ऺ4?0=,?4:9>ऺ49ऺ1:=B,=/ऺ8:/07

PCTENPAR �@8-0=ऺ:1ऺ4?0=,?4:9>ऺ49ऺ;,=,7707ऺ?=,9>10=
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FIXROCR �4Cऺ=0,/:@?ऺ.:>84.ऺ=,D>

�"#!��!�))��ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>஬

UPWCSVER %0=>4:9ऺ:1ऺ"#&�"ऺ@>0/ऺ?:ऺ@;/,?0ऺ?30ऺ&�"

PYWCSVER %0=>4:9ऺ:1ऺ�(&�"ऺ@>0/ऺ?:ऺ@;/,?0ऺ?30ऺ&�"

DISTNAME �,80>ऺ:1ऺ,77ऺ/4>?:=?4:9ऺ8:/07ऺ.:8;:909?>ऺ@>0/

SIPNAME ";0.414.ऺ;:7D9:84,7ऺ/4>?:=?4:9ऺ8:/07

RULESVER %0=>4:9ऺ��ऺ1:=ऺ30,/0=ऺ60DB:=/ऺ=@70>ऺ1470

BLENDVER %0=>4:9ऺ:1ऺ ऺ>:1?B,=0ऺ@>0/-709/30,/0=

RULEFILE �,80ऺ:1ऺ30,/0=ऺ60DB:=/ऺ=@70>ऺ1470

NDRIZNUM �@8-0=ऺ:1ऺ48,20>ऺ/=4EE70/ऺ:9?:ऺ:@?;@?

D???OUUN $94?>ऺ:1ऺ:@?;@?ऺ48,20ऺ஫.:@9?>ऺ:=ऺ.:@9?>ல>0.:9/஬

D???MASK �9;@?ऺB0423?492ऺ48,20

D???FVAL �477ऺA,7@0ऺ1:=ऺE0=:ऺB0423?ऺ:@?;@?ऺ;4C07>

D???KERN �:=8ऺ:1ऺB0423?ऺ/4>?=4-@?4:9ऺ60=907

D???ISCL �01,@7?ऺ���#��ऺ;4C07ऺ>4E0ऺ஫,=.>0.஬

D???COEF ":@=.0ऺ:1ऺ.:0114.409?>

D???SCAL �4C07ऺ>4E0ऺ:1ऺ:@?;@?ऺ48,20ऺ஫,=.>0.஬

D???GEOM ":@=.0ऺ:1ऺ20:80?=4.ऺ491:=8,?4:9

D???DATA �9;@?ऺ48,20ऺ/,?,

D???OUWE �@?;@?ऺB0423?492ऺ48,20

D???OUCO �@?;@?ऺ.:9?0C?ऺ48,20

D???DECP �9;@?ऺ48,20ऺ0C;:>@=0ऺ?480ऺ஫>0.:9/>஬

D???WKEY �9;@?ऺ48,20ऺ&�"ऺA0=>4:9ऺ@>0/

D???OUDA �@?;@?ऺ/,?,ऺ48,20

D???VER �=4EE70ऺ?,>6ऺA0=>4:9ऺ9@8-0=

D???WTSC &0423?492ऺ1,.?:=ऺ1:=ऺ49;@?ऺ48,20

D???PIXF �490,=ऺ>4E0ऺ:1ऺ/=:;

���!���#��ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>யऺ49ऺ,7;3,-0?4.,7ऺ:=/0=஬

ACQTYPE #D;0ऺ:1ऺ,.<@4>4?4:9
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BIASLEV ���ऺ-4,>ऺ70A07ऺ@>0/ऺ?:ऺ;=:.0>>ऺ,.<@4>4?4:9ऺ0C;:>@=0

CCDBIASS ���ऺ-4,>ऺ>@-?=,.?0/ऺ1=:8ऺ?,=20?ऺ,.<@4>4?4:9ऺ48,20ऺ஫D0>ல9:஬

CENTMETH #,=20?ऺ,.<@4>4?4:9ऺ.09?0=492ऺ80?3:/

CHECKBOX "4E0ऺ:1ऺ.30.6-:Cऺ1:=ऺ149/492ऺ,72:=4?38

CRELIM �0=1:=8ऺ.:>84.ऺ=,Dऺ=050.?4:9ऺ49ऺ,.<@4>4?4:9

#,-70ऺவற஺஽ऺ��"ऺ0C?09>4:9ऺ30,/0=ऺ60DB:=/>ऺ஫"��யऺ�!!யऺ,9/ऺ� ऺ��#"ऺ0C?09>4:9>஬ற

��(&�!� ��"�!��#���

�""����#���ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>஬

XTENSION �C?09>4:9ऺ?D;0

NAXIS1 �092?3ऺ:1ऺ14=>?ऺ/,?,ऺ,C4>

NAXIS2 �092?3ऺ:1ऺ>0.:9/ऺ/,?,ऺ,C4>

PCOUNT !0<@4=0/ऺ60DB:=/ாऺ8@>?ऺீऺள

GCOUNT !0<@4=0/ऺ60DB:=/ாऺ8@>?ऺீऺழ

EXTNAME �C?09>4:9ऺ9,80

EXTVER �C?09>4:9ऺA0=>4:9ऺ9@8-0=

INHERIT �930=4?ऺ?30ऺ;=48,=Dऺ30,/0=

EXPNAME �C;:>@=0ऺ4/09?4140=

DATAMIN �4948@8ऺ/,?,ऺA,7@0

DATAMAX �,C48@8ऺ/,?,ऺA,7@0

BUNIT �=423?90>>ऺ@94?>ऺ஫.:@9?>யऺ070.?=:9>யऺ070.?=:9>
ல>0.:9/஬

NPIX1 �092?3ऺ:1ऺ.:9>?,9?ऺ,==,Dऺ,C4>ऺழ

NPIX2 �092?3ऺ:1ऺ.:9>?,9?ऺ,==,Dऺ,C4>ऺவ

PIXVALUE %,7@0>ऺ:1ऺ;4C07>ऺ49ऺ.:9>?,9?ऺ,==,D

BSCALE ".,70ऺ1,.?:=ऺ1:=ऺ,==,DऺA,7@0ऺ?:ऺ;3D>4.,7ऺA,7@0

BZERO �3D>4.,7ऺA,7@0ऺ1:=ऺ,9ऺ,==,DऺA,7@0ऺ:1ऺE0=:

&��ऺ���ऺ����ऺ����#�����#���ऺ஫&��ऺ:97D஬

CCDCHIP ���ऺ.34;ऺ஫ழऺ:=ऺவ஬
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&�!��ऺ���!����#�ऺ"("#��ऺ���ऺ!���#��ऺ��!���#�!"ऺ஫,77ऺ/0?0.?:=>஬

WCSAXES �@8-0=ऺ:1ऺ&:=7/ऺ�::=/49,?0ऺ"D>?08ऺ,C0>

CRPIX1 Cர.::=/49,?0ऺ:1ऺ=010=09.0ऺ;4C07

CRPIX2 Dர.::=/49,?0ऺ:1ऺ=010=09.0ऺ;4C07

CRVAL1 �4=>?ऺ,C4>ऺA,7@0ऺ,?ऺ=010=09.0ऺ;4C07

CRVAL2 "0.:9/ऺ,C4>ऺA,7@0ऺ,?ऺ=010=09.0ऺ;4C07

CTYPE1 #30ऺ.::=/49,?0ऺ?D;0ऺ1:=ऺ?30ऺ14=>?ऺ,C4>

CTYPE2 #30ऺ.::=/49,?0ऺ?D;0ऺ1:=ऺ?30ऺ>0.:9/ऺ,C4>

CD1_1 �,=?4,7ऺ:1ऺ14=>?ऺ,C4>ऺ.::=/49,?0ऺB4?3ऺ=0>;0.?ऺ?:ऺ
C

CD1_2 �,=?4,7ऺ:1ऺ14=>?ऺ,C4>ऺ.::=/49,?0ऺB4?3ऺ=0>;0.?ऺ?:ऺ
D

CD2_1 �,=?4,7ऺ:1ऺ>0.:9/ऺ,C4>ऺ.::=/49,?0ऺB4?3ऺ
=0>;0.?ऺ?:ऺC

CD2_2 �,=?4,7ऺ:1ऺ>0.:9/ऺ,C4>ऺ.::=/49,?0ऺB4?3ऺ
=0>;0.?ऺ?:ऺD

LTV1 �11>0?ऺ49ऺCऺ?:ऺ>@->0.?4:9ऺ>?,=?ऺ஫Cர.::=/49,?0ऺ
:1ऺ?30ऺ14=>?ऺ>.409.0ऺ;4C07ऺ49ऺ?30ऺ"��ऺ,==,D஬

LTV2 �11>0?ऺ49ऺDऺ?:ऺ>@->0.?4:9ऺ>?,=?ऺ஫Dர.::=/49,?0ऺ
:1ऺ?30ऺ14=>?ऺ>.409.0ऺ;4C07ऺ49ऺ?30ऺ"��ऺ,==,D஬

RAW_LTV1 �=4249,7ऺ:11>0?ऺ49ऺCऺ?:ऺ>@->0.?4:9ऺ>?,=?ऺ஫Cர
.::=/49,?0ऺ:1ऺ?30ऺ14=>?ऺ>.409.0ऺ;4C07ऺ49ऺ?30ऺ"��ऺ
,==,D஬

RAW_LTV2 �=4249,7ऺ:11>0?ऺ49ऺDऺ?:ऺ>@->0.?4:9ऺ>?,=?ऺ஫Dர
.::=/49,?0ऺ:1ऺ?30ऺ14=>?ऺ>.409.0ऺ;4C07ऺ49ऺ?30ऺ"��ऺ
,==,D஬

LTM1_1 !0.4;=:.,7ऺ:1ऺ>,8;7492ऺ=,?0ऺ49ऺCऺ஫?30ऺ
=010=09.0ऺ;4C07ऺ>4E0ऺ49ऺ@94?>ऺ:1ऺ.@==09?ऺ;4C07ऺ
>4E0஬

LTM2_2 !0.4;=:.,7ऺ:1ऺ>,8;7492ऺ=,?0ऺ49ऺDऺ஫?30ऺ
=010=09.0ऺ;4C07ऺ>4E0ऺ49ऺ@94?>ऺ:1ऺ.@==09?ऺ;4C07ऺ
>4E0஬

ORIENTAT �:>4?4:9ऺ,9270ऺ:1ऺ48,20ऺDऺ,C4>ऺ஫/02=00>ऺ�ऺ:1ऺ
�஬

RA_APER !423?ऺ,>.09>4:9ऺ:1ऺ,;0=?@=0ऺ=010=09.0ऺ
;:>4?4:9
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DEC_APER �0.749,?4:9ऺ:1ऺ,;0=?@=0ऺ=010=09.0ऺ;:>4?4:9

PA_APER �:>4?4:9ऺ,9270ऺ:1ऺ=010=09.0ऺ,;0=?@=0ऺ.09?0=ऺ
஫/02஬

VAFACTOR %07:.4?Dऺ,-0==,?4:9ऺ;7,?0ऺ>.,70ऺ1,.?:=

!����$#ऺ������#���ऺ��!���#�!"ऺ஫,77ऺ/0?0.?:=>஬

CENTERA1 "@-,==,Dऺ,C4>ऺழऺ.09?0=;:49?ऺ49ऺ@9-4990/ऺ
/0?0.?:=ऺ;4C07>

CENTERA2 "@-,==,Dऺ,C4>ऺவऺ.09?0=;:49?ऺ49ऺ@9-4990/ऺ
/0?0.?:=ऺ;4C07>

SIZAXIS1 "@-,==,Dऺ,C4>ऺழऺ>4E0ऺ49ऺ@9-4990/ऺ/0?0.?:=ऺ
;4C07>

SIZAXIS2 "@-,==,Dऺ,C4>ऺவऺ>4E0ऺ49ऺ@9-4990/ऺ/0?0.?:=ऺ
;4C07>

BINAXIS1 �C4>ऺழऺ/,?,ऺ-49ऺ>4E0ऺ49ऺ@9-4990/ऺ/0?0.?:=ऺ
;4C07>

BINAXIS2 �C4>ऺவऺ/,?,ऺ-49ऺ>4E0ऺ49ऺ@9-4990/ऺ/0?0.?:=ऺ
;4C07>

���#���#!(ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>஬

PHOTMODE �->0=A,?4:9ऺ.:9142@=,?4:9

PHOTFLAM �9A0=>0ऺ>09>4?4A4?Dऺ஫0=2ல.8 லkல070.?=:9஬வ

PHOTZPT "#ऺ8,294?@/0ऺE0=:ऺ;:49?>

PHOTPLAM �4A:?ऺB,A07092?3ऺ஫�92>?=:8>஬

PHOTBW !�"ऺ-,9/B4/?3ऺ:1ऺ147?0=ऺ;7@>ऺ/0?0.?:=

��#�ऺ�����#ऺ����!��#���ऺ஫,77ऺ/0?0.?:=>஬

FILLCNT �@8-0=ऺ:1ऺ>02809?>ऺ.:9?,49492ऺ1477ऺA,7@0ऺ1:=ऺ
B34.3ऺ/,?,ऺB0=0ऺ7:>?ऺ49ऺ?=,9>84>>4:9

ERRCNT �@8-0=ऺ:1ऺ>02809?>ऺ.:9?,49492ऺ0==:=>

PODSPSFF ����"ऺ1477ऺ;=0>09?ऺ஫ ல ஬ऺ49/4.,?492ऺ41ऺ?30=0ऺT F
,=0ऺ84>>492ऺ;,.60?>ऺ49ऺ?30ऺ/,?,ऺ>?=0,8றऺ
�4>>492ऺ;,.60?>ऺ,=0ऺ=0;7,.0/ऺB4?3ऺ1477ऺ;,.60?>ऺ
-Dऺ��$"ऺ?:ऺ1,.474?,?0ऺ;4;07490ऺ;=:.0>>492ற

STDCFFF ".409.0ऺ?07080?=Dऺ1477ऺ;=0>09?ऺ஫ ல ஬ऺ49/4.,?492ऺT F
41ऺ?30=0ऺB0=0ऺ0==:=>ऺ1:@9/ऺ49ऺ?30ऺ>.409.0ऺ
/,?,>0?ऺ,?ऺ?30ऺ";,.0ऺ#070>.:;0ऺ�,?,ऺ�,;?@=0ऺ
�,.474?Dற
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STDCFFP ".409.0ऺ?07080?=Dऺ1477ऺ;,??0=9ऺ஫30C஬

�������!���ऺ��!���#�!"ऺ஫"��ऺ:97D஬

GLOBRATE �7:-,7ऺ.:@9?ऺ=,?0

GLOBLIM &,>ऺ27:-,7ऺ7490,=4?Dऺ70A07ऺ0C.00/0/ூ

MDECODT1 ����ऺ�������#ऺ;B/ऺ?08;0=,?@=0ऺ1=:8ऺ
092ऺ>9,;ऺழऺ஫/02ऺ�ாऺ?08;0=,?@=0ऺ,?ऺ?30ऺ>?,=?ऺ
:1ऺ:->0=A,?4:9஬

MDECODT2 ����ऺ�������#ऺ;B/ऺ?08;0=,?@=0ऺ1=:8ऺ
092ऺ>9,;ऺவऺ஫/02ऺ�ாऺ?08;0=,?@=0ऺ,?ऺ?30ऺ09/ऺ
:1ऺ:->0=A,?4:9஬

!����#��ऺ�'��"$!�"ऺ����!��#���ऺ஫&��யऺ�!�யऺ�!�ऺ�� ஬

NCOMBINE �@8-0=ऺ:1ऺ48,20ऺ>0?>ऺ.:8-490/ऺ/@=492ऺ
.:>84.ऺ=,Dऺ=050.?4:9

�����!�ऺ����!�""���ऺ����!��#���ऺ஫&��ऺ:97D஬

WFCMPRSD &,>ऺ&��ऺ/,?,ऺ.:8;=0>>0/ூऺ஫ ல ஬T F

CBLKSIZ "4E0ऺ:1ऺ.:8;=0>>4:9ऺ-7:.6ऺ49ऺவऺ-D?0ऺB:=/>

LOSTPIX �@8-0=ऺ:1ऺ;4C07>ऺ7:>?ऺ/@0ऺ?:ऺ-@110=ऺ:A0=17:B

COMPTYP �:8;=0>>4:9ऺ?D;0ऺ;0=1:=80/ऺ஫�,=?4,7ல�@77
ல�:90஬

�����ऺ"#�#�"#��"ऺ���ऺ��#�ऺ $���#(ऺ����"ऺ஫,77ऺ/0?0.?:=>ऺ0C.0;?ऺB30=0ऺ9:?0/஬

NGOODPIX �@8-0=ऺ:1ऺ2::/ऺ;4C07>

SDQFLAGS "0=4:@>ऺ/,?,ऺ<@,74?Dऺ17,2>ऺ஫-,/ऺ;4C07>ऺ?3,?ऺ
,=0ऺ9:?ऺ49.7@/0/ऺ49ऺ.,7.@7,?4:9>ऺ1:=ऺ30,/0=ऺ
60DB:=/ऺ48,20ऺ>?,?4>?4.>யऺ0ற2றயऺ யऺGOODMEAN

யऺ0?.ற஬NGOODPIX

GOODMIN �4948@8ऺA,7@0ऺ:1ऺ2::/ऺ;4C07>

GOODMAX �,C48@8ऺA,7@0ऺ:1ऺ2::/ऺ;4C07>

GOODMEAN �0,9ऺA,7@0ऺ:1ऺ2::/ऺ;4C07>

SOFTERRS �@8-0=ऺ:1ऺ>:1?ऺ0==:=ऺ;4C07>ऺ஫� �ீழ஬

SNRMIN �4948@8ऺ>429,7ऺ?:ऺ9:4>0ऺ:1ऺ2::/ऺ;4C07>

SNRMAX �,C48@8ऺ>429,7ऺ?:ऺ9:4>0ऺ:1ऺ2::/ऺ;4C07>

SNRMEAN �0,9ऺA,7@0ऺ:1ऺ>429,7ऺ?:ऺ9:4>0ऺ:1ऺ2::/ऺ;4C07>
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MEANDARK �A0=,20ऺ:1ऺ?30ऺ/,=6ऺA,7@0>ऺ>@-?=,.?0/ऺ
஫070.?=:9>஬

MEANBLEV �A0=,20ऺ:1ऺ,77ऺ-4,>ऺ70A07>ऺ>@-?=,.?0/ऺ
஫070.?=:9>ாऺ���>ऺ:97D஬

MEANFLSH �0,9ऺ9@8-0=ऺ:1ऺ.:@9?>ऺ49ऺ;:>?ர17,>3ऺ
0C;:>@=0ऺ஫070.?=:9>ாऺ���>ऺ:97D஬

MDRIZSKY "6DऺA,7@0ऺ.:8;@?0/ऺ-Dऺ�>?=:�=4EE70

��"#�!#���ऺ��!!��#���ऺ��!���#�!"ऺ஫,77ऺ/0?0.?:=>஬

A_0_2, B_0_2, A_1_1, B_1_1, A_2_0, B_2_0, 
A_0_3, B_0_3, A_1_2, B_1_2, A_2_1, B_2_1, 
A_3_0, B_3_0, A_0_4, B_0_4, A_1_3, B_1_3, 
A_2_2, B_2_2, A_3_1, B_3_1, A_4_0, B_4_0, 
A_3_2, B_3_2, B_1_4, B_2_3, B_0_5, A_5_0, 
A_4_1, B_4_1, B_5_0, A_1_4, A_0_5, A_2_3

�:9ர7490,=ऺ:=ऺ3423ர:=/0=ऺ;:7D9:84,7ऺ
.:0114.409?>ऺ49ऺ?30ऺ"��ऺ.:9A09?4:9ऺ/0>.=4-0ऺ
?30ऺ20:80?=4.ऺ/4>?:=?4:9ऺ8:/07ऺ1:=ऺ0,.3ऺ
48,20ऺ2=:@;றऺ#30Dऺ,=0ऺ;=0>09?ऺ1:=ऺ@>0ऺ-Dऺ
"��ர09,-70/ऺ.:/0ऺ>@.3ऺ,>ऺ�"஼ऺ,9/ऺ1:=ऺ@>0ऺ-Dऺ
?30ऺ;4;07490ऺ>:1?B,=0ऺ,9/ऺ ற�>?=:�=4EE70

A_ORDER, B_ORDER �=/0=ऺ:1ऺ?30ऺ;:7D9:84,7ऺ@>0/ऺ?:ऺ/0>.=4-0ऺ
20:80?=4.ऺ/4>?:=?4:9ऺ.:==0.?4:9>

IDCSCALE �4C07ऺ>.,70ऺ49ऺ?30ऺ���#��ऺ?,-70

IDCXREF !010=09.0ऺ;4C07ऺ7:.,?4:9ऺ49ऺCऺ,>ऺ>;0.4140/ऺ-Dऺ
?30ऺ���#��

IDCYREF !010=09.0ऺ;4C07ऺ7:.,?4:9ऺ49ऺDऺ,>ऺ>;0.4140/ऺ-Dऺ
?30ऺ���#��

IDCV2REF !010=09.0ऺ;4C07ऺ%வऺ;:>4?4:9ऺ,>ऺ/0=4A0/ऺ1=:8ऺ
?30ऺ���#��ऺ=010=09.0ऺ?,-70

IDCV3REF !010=09.0ऺ;4C07ऺ%ஶऺ;:>4?4:9ऺ,>ऺ/0=4A0/ऺ1=:8ऺ
?30ऺ���#��ऺ=010=09.0ऺ?,-70

IDCTHETA �=409?,?4:9ऺ:1ऺ?30ऺ/0?0.?:=ப>ऺ(ர,C4>ऺ=07,?4A0ऺ
?:ऺ%ஶऺ,C4>யऺ,>ऺ/0=4A0/ऺ1=:8ऺ?30ऺ���#��ऺ
=010=09.0ऺ?,-70

OCX10 �490,=ऺ/4>?:=?4:9ऺ?0=8ऺB4?3:@?ऺ48,20ऺ;7,?0ऺ
>.,70யऺ/4=0.?7Dऺ1=:8ऺ/4>?:=?4:9ऺ8:/07ऺ
஫���#��஬

OCX11 �490,=ऺ/4>?:=?4:9ऺ?0=8ऺB4?3:@?ऺ48,20ऺ;7,?0ऺ
>.,70யऺ/4=0.?7Dऺ1=:8ऺ/4>?:=?4:9ऺ8:/07ऺ
஫���#��஬

OCY10 �490,=ऺ/4>?:=?4:9ऺ?0=8ऺB4?3:@?ऺ48,20ऺ;7,?0ऺ
>.,70யऺ/4=0.?7Dऺ1=:8ऺ/4>?:=?4:9ऺ8:/07ऺ
஫���#��஬
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OCY11 �490,=ऺ/4>?:=?4:9ऺ?0=8ऺB4?3:@?ऺ48,20ऺ;7,?0ऺ
>.,70யऺ/4=0.?7Dऺ1=:8ऺ/4>?:=?4:9ऺ8:/07ऺ
஫���#��஬

D2IMEXT !010=09.0ऺ1470ऺ@>0/ऺ-Dऺ ऺ?:ऺ.=0,?0ऺ,ऺ@;/,?0B.>
�வ���!!ऺ0C?09>4:9யऺB34.3ऺ3:7/>ऺ?30ऺ.:7@89ऺ
:=ऺ=:Bऺ.:==0.?4:9>

D2IMERR1 �,C48@8ऺ0==:=ऺ:1ऺ����ऺ.:==0.?4:9ऺ1:=ऺ,C4>ऺழ

D2IMDIS1 �0?0.?:=ர?:ர48,20ऺ.:==0.?4:9ऺ?D;0ऺ1:=ऺ,C4>ऺழ

D2IMERR2 �,C48@8ऺ0==:=ऺ:1ऺ����ऺ.:==0.?4:9ऺ1:=ऺ,C4>ऺவ

D2IMDIS2 �0?0.?:=ர?:ர48,20ऺ.:==0.?4:9ऺ?D;0ऺ1:=ऺ,C4>ऺவ

D2IM1.AXIS.1, D2IM1.AXIS.2, D2IM1.EXTVER, 
D2IM1.NAXES, D2IM2.AXIS.1, D2IM2.AXIS.1, 
D2IM2.EXTVER, D2IM2.NAXES

&�"ऺ����ऺ.:==0.?4:9ऺ;,=,80?0=>

WCSNAMEO &�"ऺ>:7@?4:9ऺ7,-07

WCSAXESO �@8-0=ऺ:1ऺ&�"ऺ,C0>

CRPIX1O, CRPIX2O, CDELT1O, CDELT2O, CUNIT1, 
CUNIT1O, CUNIT2, CUNIT2O, CTYPE1O, CTYPE2O, 
CRVAL1O, CRVAL2O, LONPOLE, LONPOLEO, LATPOLE, 
LATPOLEO, CD1_1O, CD1_2O, CD2_1O, CD2_2O, 
CDELT1, CDELT2, RADESYS, RADESYSO

&�"ऺ>:7@?4:9ऺ;,=,80?0=>

CDERR1, CPDIS1, CDERR2, CPDIS2, CPERR1, 
CPERR2 DP1.AXIS.1, DP1.AXIS.2, DP1.EXTVER, 
DP1.NAXES, DP2.AXIS.1, DP2.AXIS.2, DP2.
EXTVER, DP2.NAXES

�4>?:=?4:9ऺ>:7@?4:9ऺ;,=,80?0=>யऺ41ऺ;0=1:=80/

NPOLEXT NPOLFILEऺ@>0/யऺ41ऺ,;;74.,-70

TDD_CTB &��ऺ?480ர/0;09/09?ऺ/4>?:=?4:9ऺ;,=,80?0=ऺ
஫>60Bऺ,9270ऺ49ऺ(ர,C4>஬

TDD_CXB &��ऺ?480ர/0;09/09?ऺ/4>?:=?4:9ऺ;,=,80?0=ऺ
஫>.,70ऺ49ऺ'ர,C4>஬

#�!��#ऺ�� $�"�#���ऺ��(&�!�"ऺ஫�!�ऺ�� ऺ:97D஬

TG_ENAME #,=20?ऺ>.409.0ऺ/,?,ऺ0C?09>4:9ऺ9,80

TG_EVER #,=20?ऺ>.409.0ऺ/,?,ऺ0C?09>4:9ऺA0=>4:9ऺ
9@8-0=

���!���#��ऺ��(&�!�"ऺ஫,77ऺ/0?0.?:=>யऺ>:=?0/ऺ,7;3,-0?4.,77D஬

APERA1 �"&ऺ7:.,?0/ऺ>@-,==,Dऺ,C4>ऺழऺ.::=/49,?0ऺ:1ऺ
,;0=?@=0
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APERA2 �"&ऺ7:.,?0/ऺ>@-,==,Dऺ,C4>ऺவऺ.::=/49,?0ऺ:1ऺ
,;0=?@=0

APERLKA1 �C4>ऺழऺ/0?0.?:=ऺ;4C07ऺ:1ऺ,.<@4>4?4:9ऺ,;0=?@=0ऺ
.09?0=

APERLKA2 �C4>ऺவऺ/0?0.?:=ऺ;4C07ऺ:1ऺ,.<@4>4?4:9ऺ,;0=?@=0ऺ
.09?0=

AXISCORR �C4>ऺ?:ऺB34.3ऺ?30ऺ��#வ��ऺ.:==0.?4:9ऺ4>ऺ
,;;740/

BOPOFFA1 �C4>ऺழऺ:11>0?ऺ:-50.?ऺ8:A0/ऺ:11ऺ,;0=?@=0ऺ
஫,=.>0.஬

BOPOFFA2 �C4>ऺவऺ:11>0?ऺ:-50.?ऺ8:A0/ऺ:11ऺ,;0=?@=0ऺ
஫,=.>0.஬

MAXCHCNT �:@9?>ऺ49ऺ?30ऺ-=423?0>?ऺ.30.6-:C

OCD1_1 �,=?4,7ऺ:1ऺ14=>?ऺ,C4>ऺ.::=/49,?0ऺB4?3ऺ=0>;0.?ऺ?:ऺ
C

OCD1_2 �,=?4,7ऺ:1ऺ14=>?ऺ,C4>ऺ.::=/49,?0ऺB4?3ऺ=0>;0.?ऺ?:ऺ
D

OCD2_1 �,=?4,7ऺ:1ऺ>0.:9/ऺ,C4>ऺ.::=/49,?0ऺB4?3ऺ
=0>;0.?ऺ?:ऺC

OCD2_2 �,=?4,7ऺ:1ऺ>0.:9/ऺ,C4>ऺ.::=/49,?0ऺB4?3ऺ
=0>;0.?ऺ?:ऺD

OCRPIX1 Cர.::=/49,?0ऺ:1ऺ=010=09.0ऺ;4C07

OCRPIX2 Dர.::=/49,?0ऺ:1ऺ=010=09.0ऺ;4C07

OCRVAL1 �4=>?ऺ,C4>ऺA,7@0ऺ,?ऺ=010=09.0ऺ;4C07

OCRVAL2 "0.:9/ऺ,C4>ऺA,7@0ऺ,?ऺ=010=09.0ऺ;4C07

OCRTYPE1 #30ऺ.::=/49,?0ऺ?D;0ऺ1:=ऺ?30ऺ14=>?ऺ,C4>

OCRTYPE2 #30ऺ.::=/49,?0ऺ?D;0ऺ1:=ऺ?30ऺ>0.:9/ऺ,C4>

ONAXIS1 Cர,C4>ऺ7092?3

ONAXIS2 Dர,C4>ऺ7092?3

OORIENTA �:>4?4:9ऺ,9270ऺ:1ऺ48,20ऺDர,C4>ऺ஫/02ऺ�ऺ:1ऺ�஬

TARGA1 �"&ऺ7:.,?0/ऺ>@-,==,Dऺ,C4>ऺழऺ.::=/49,?0ऺ:1ऺ
?,=20?

TARGA2 �"&ऺ7:.,?0/ऺ>@-,==,Dऺ,C4>ऺவऺ.::=/49,?0ऺ:1ऺ
?,=20?
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TDDALPHA &��ऺ?480ர/0;09/09?ऺ/4>?:=?4:9ऺ.:0114.409?ऺ
,7;3,

TDDBETA &��ऺ?480ர/0;09/09?ऺ/4>?:=?4:9ऺ.:0114.409?ऺ
-0?,

TDD_CTA &��ऺ?480ர/0;09/09?ऺ/4>?:=?4:9ऺ.:0114.409?ऺ
,7;3,

TDD_CYA &��ऺ?480ர/0;09/09?ऺ/4>?:=?4:9ऺ.:0114.409?ऺ
,7;3,

TDD_CYB &��ऺ?480ர/0;09/09?ऺ/4>?:=?4:9ऺ.:0114.409?ऺ
,7;3,

TDD_CXA &��ऺ?480ர/0;09/09?ऺ/4>?:=?4:9ऺ.:0114.409?ऺ
,7;3,

WCSDATE #480ऺ&�"ऺ60DB:=/>ऺB0=0ऺ.:;40/

�3,;?0=ऺஶ஽ऺ��"ऺ�,74-=,?4:9ऺ�4;07490
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�3,;?0=ऺஶ஽ऺ��"ऺ�,74-=,?4:9ऺ�4;07490
�3,;?0=ऺ�:9?09?>

ஶறழऺ�46@7>64ऺ�=.34A0ऺ1:=ऺ";,.0ऺ#070>.:;0>ऺரऺ��"#
ஶறவऺ�4;07490ऺ�A0=A40B
ஶறஶऺ"?=@.?@=0ऺ:1ऺ.,7,.>
ஶறஷऺ.,7,.>ऺ�=:.0>>492ऺ"?0;>
ஶறஸऺ�,9@,7ऺ!0.,74-=,?4:9ऺ:1ऺ��"ऺ�,?,

ஶறழऺ�46@7>64ऺ�=.34A0ऺ1:=ऺ";,.0ऺ#070>.:;0>ऺரऺ��"#
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ஶறழऺ�46@7>64ऺ�=.34A0ऺ1:=ऺ";,.0ऺ#070>.:;0>ऺரऺ��"#
��"ऺ/,?,ऺ=0<@0>?>ऺ,=0ऺ;=:.0>>0/ऺB4?3ऺ?30ऺ ऺ஫��"#஬ऺ;4;07490றऺ�?ऺ;=:A4/0>�46@7>64ऺ�=.34A0ऺ1:=ऺ";,.0ऺ#070>.:;0>
@>0=>ऺ B4?3ऺ .,74-=,?0/ऺ /,?,ऺ ?3,?ऺ 4>ऺ .=0,?0/ऺ @>492ऺ ?30ऺ -0>?ऺ ,A,47,-70ऺ =010=09.0ऺ 1470>ऺ ,9/ऺ 7,?0>?ऺ >:1?B,=0
@;2=,/0>ற

"#".�ப>ऺ.,74-=,?4:9ऺ;4;07490ऺ.:9>4>?>ऺ:1ऺ ?B:ऺ8,49ऺ>:1?B,=0ऺ>D>?08>஽ऺ ?30ऺ஧�,?,ऺ�,9,20809?ऺ"D>?08஧ऺ஫��"஬
,9/ऺ?30ऺ஧�,?,ऺ�=.34A0ऺ,9/ऺ�4>?=4-@?4:9ऺ"D>?08஧ऺ஫���"஬ற

!,Bऺ>;,.0.=,1?ऺ?07080?=Dऺ/,?,ऺ1=:8ऺ?30ऺ�://,=/ऺ";,.0ऺ�7423?ऺ�09?0=ऺ,=0ऺ?=,9>84??0/ऺ?:ऺ"#".�ऺ49ऺ?30ऺ1:=8ऺ:1
���ऺ1470>ऺB34.3ऺ,=0ऺ>?:=0/ऺ49ऺ?30ऺ�"#ऺ�=.34A0றऺ��"#ऺ;=:.0>>492ऺ-0249>ऺB4?3ऺ?30ऺ���ऺ1470>ऺB309ऺ��"ऺ=@9>ऺ,
>?0;ऺ .,770/ऺ �090=4.ऺ �:9A0=>4:9ऺ ?:ऺ 0C?=,.?ऺ ,9/ऺ .=0,?0ऺ @9.,74-=,?0/ऺ ஧=,B஧ऺ /,?,றऺ �@=492ऺ ?34>ऺ >?0;யऺ ?30ऺ

ऺ஫�!�"஬யऺB30=0ऺ,77ऺ.,74-=,?4:9ऺ=010=09.0ऺ1470>ऺ,=0ऺ>?:=0/யऺ4>ऺ<@0=40/ऺ?:�,74-=,?4:9ऺ!010=09.0ऺ�,?,-,>0ऺ"D>?08
/0?0=8490ऺ?30ऺ8:>?ऺ.@==09?ऺ=010=09.0ऺ1470>ऺ1:=ऺ?30ऺ:->0=A,?4:9ப>ऺ.:9142@=,?4:9ऺ,9/ऺ/,?0றऺ��"ऺ?309ऺ.,74-=,?0>
?30ऺ =,Bऺ /,?,ऺ @>492ऺ யऺ B4?3ऺ ?30ऺ -0>?ர,A,47,-70ऺ =010=09.0ऺ 48,20>ऺ ,9/ऺ ?,-70>ऺ 1=:8ऺ ?30ऺ �!�"றऺ #30>0.,7,.>
.,74-=,?0/ऺ /,?,யऺ ,7:92ऺ B4?3ऺ :?30=ऺ =0<@0>?0/ऺ /,?,ऺ ;=:/@.?>யऺ ,=0ऺ >09?ऺ ?:ऺ ?30ऺ @>0=றऺ "00ऺ ऺ :1ऺ ?30ऺ�3,;?0=ऺ ழ

ऺ1:=ऺ8:=0ऺ491:=8,?4:9ऺ,-:@?ऺ=0?=40A492ऺ/,?,ऺ1=:8ऺ?30ऺ�=.34A0ற�9?=:/@.?4:9ऺ?:ऺ?30ऺ�"#ऺ�,?,ऺ�,9/-::6>

���ऺ/,=6யऺ�#�ர.:==0.?0/ऺ/,=6யऺ-4,>ऺ,9/ऺ>496ऺ;4C07ऺ=010=09.0ऺ1470>ऺ,=0ऺ1=0<@09?7Dऺ/074A0=0/ऺ?:ऺ�!�"ऺ1:77:B492
0,.3ऺ��"ऺ&��ऺ,990,7றऺ$>0=>ऺB3:ऺ=0.04A0ऺ?304=ऺ/,?,ऺ>3:=?7Dऺ,1?0=ऺ,9ऺ:->0=A,?4:9ऺB,>ऺ0C0.@?0/ऺ,=0ऺ,/A4>0/ऺ?:
B,4?ऺ,ऺ10Bऺ8:=0ऺB006>ऺ1:=ऺ?30ऺ-0>?ர>@4?0/ऺ=010=09.0ऺ1470>ऺ஫@>@,77Dऺ?30ऺ/,=6>஬ऺ?:ऺ-0.:80ऺ,A,47,-70ऺ49ऺ�!�"றऺ�?
?3,?ऺ;:49?யऺ?30ऺ/,?,ऺ.:@7/ऺ-0ऺ=0ர=0?=40A0/ऺ1=:8ऺ?30ऺ�=.34A0ऺ:=ऺ8,9@,77Dऺ=0.,74-=,?0/ऺ@>492ऺ?30ऺ90Bऺ=010=09.0
1470>றऺ#:ऺ149/ऺ:@?ऺ41ऺ=010=09.0ऺ1470>ऺ3,A0ऺ-009ऺ@;/,?0/யऺ.:8;,=0ऺ?30ऺ9,80>ऺ:1ऺ?30ऺ=010=09.0ऺ1470>ऺ49ऺ?30ऺ48,20
30,/0=ऺB4?3ऺ ?3:>0ऺ 74>?0/ऺ ,>ऺ ?30ऺ =0.:8809/0/ऺ =010=09.0ऺ 1470>ऺ 1:=ऺ ,ऺ ;,=?4.@7,=ऺ /,?,>0?ऺ 49 ��"#ऺऺ �"#ऺ �,?,

ऺ :=ऺ :9ऺ ?30ऺ ऺ B0->4?0றऺ"0,=.3 �!�" #30=0ऺ 4>ऺ ,7>:ऺ ,ऺ .:88,9/ऺ 7490ऺ ?::7ऺ 1:=ऺ ?34>யऺ யऺ B34.3ऺ 4>.=/>ऺ -0>?=01>
ऺ�:=ऺ/,?0/ऺ��"ऺ;=:/@.?>யऺ4?ऺ4>ऺ:1?09ऺ8:=0ऺ.:9A09409?/08:9>?=,?0/ऺ49ऺ?30ऺ ற,.>ே=0/@.?4:9ऺ9:?0-::6ऺ:9ऺ24?3@-

?:ऺ =0?=40A0ऺ 1=0>37Dர.,74-=,?0/ऺ /,?,ऺ 1=:8ऺ ?30ऺ �=.34A0ऺ -01:=0ऺ -02499492ऺ /,?,ऺ ,9,7D>4>றऺ $>0=>ऺB3:ऺ .3::>0ऺ ?:
=0=@9ऺ :9ऺ=,Bऺ/,?,ऺ>3:@7/ऺ.:9>@7?ऺ?30ऺ ,9/ऺ=0?=40A0ऺ=010=09.0ऺ1470>ऺ1=:8.,7,.>ऺ ��"ऺ!010=09.0ऺ�470>ऺB0-ऺ;,20ऺ
?30 ஫"00 1:=ऺ491:=8,?4:9ऺ,-:@?ऺ=@99492ऺ ஬றऺ�ऺ1@77ऺ0C,8;70ऺ:1ऺ,9ऺ��"ऺ�!�"ऺB0-ऺ;,20ऺ:=ऺ��"#ऺ ऺ"0.?4:9ऺஶறஸऺ .,7,.>
ல&��ऺ48,20ऺ=0/@.?4:9ऺB4?3ऺ=070A,9?ऺ.:/0ऺ4>ऺ;=:A4/0/ऺ49ऺ?30ऺ ற,.>ே=0/@.?4:9ऺ9:?0-::6ऺ:9ऺ24?3@-

ஶறவऺ�4;07490ऺ�A0=A40B

https://archive.stsci.edu/
https://hst-crds.stsci.edu/
https://hst-docs.stsci.edu/display/HSTDHB/1.+Obtaining+HST+Data
https://hst-docs.stsci.edu/display/HSTDHB/Introduction+to+the+Hubble+Space+Telescope+Data+Handbooks
https://mast.stsci.edu/search/hst/ui/%23/
https://mast.stsci.edu/search/hst/ui/%23/
https://hst-crds.stsci.edu/bestrefs/
https://hst-crds.stsci.edu/static/users_guide/command_line_tools.html%23crds-bestrefs
https://github.com/spacetelescope/acs-notebook/tree/master/acs_reduction
http://newcdbs.stsci.edu/doc/ICD47/Section10.html
https://hst-crds.stsci.edu/
https://github.com/spacetelescope/acs-notebook/tree/master/acs_reduction
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ஶறவऺ�4;07490ऺ�A0=A40B

ஶறவறழऺ.,7,.>஽ऺ�8,20ऺ�,74-=,?4:9
ஶறவறவऺ�>?=:�=4EE70ऺ�=:.0>>492ऺ49ऺ?30ऺ�4;07490
ஶறவறஶऺ&309ऺ4>ऺ��"#ऺ�=:.0>>492ऺ9:?ऺ�;;=:;=4,?0ூ

�4;07490ऺ ;=:.0>>492ऺ 4>ऺ .,==40/ऺ :@?ऺ -Dऺ ?B:ऺ >0;,=,?0ऺ 48,20ऺ ;=:.0>>492ऺ ;,.6,20>஽ .:==0.?>ऺ 1:=ऺ .,7,.>ऺ
49>?=@809?,7ऺ0110.?>ऺ?:ऺ;=:/@.0ऺ.,74-=,?0/ऺ;=:/@.?>ற .:==0.?>ऺ1:=ऺ20:80?=4.ऺ/4>?:=?4:9யऺ;0=1:=8>ऺ�>?=:�=4EE70ऺ
.:>84.ऺ=,Dऺ=050.?4:9ऺ-,>0/ऺ:9ऺ?30ऺ49/4A4/@,7ऺ48,20>ऺ:1ऺ?30ऺ>,80ऺ>.090யऺ,9/ऺ,??08;?>ऺ?:ऺ.:==0.?ऺ1:=ऺ3:?ऺ;4C07>
@>492ऺ/4?30=0/ऺ��"#ऺ48,20>ற

ஶறவறழ .,7,.>஽ऺ�8,20ऺ�,74-=,?4:9ऺ
.,7,.>ऺ.:9?=:7>ऺ?30ऺ48,20ऺ.,74-=,?4:9ऺ>?0;>ऺ-,>0/ऺ:9ऺ?30ऺ?D;0ऺ:1ऺ48,20>ऺ,9/ல:=ऺ,>>:.4,?4:9>஽

�:=ऺ���ऺ48,20>யऺ-4,>ऺ70A07ऺ=08:A,7ऺ,9/ऺ.:==0.?4:9>ऺ1:=ऺ.3,=20ऺ?=,9>10=ऺ0114.409.Dऺ஫�#�஬ऺ49ऺ&��ऺ48,20>
,=0ऺ;0=1:=80/ऺ:9ऺ0,.3ऺ48,20ऺ@>492ऺ?30ऺ?,>6 யऺ1:77:B0/ऺ-Dऺ?30ऺ?,>6ऺ றऺ,.>../ ,.>.?0
�1ऺ ?30ऺ ,>>:.4,?4:9ऺ 3,>ऺ ���ऺ 48,20>ऺ .=0,?0/ऺ 1=:8ऺ ஧�!ர"���#஧ऺ :->0=A,?4:9>யऺ :=ऺ 1=:8ऺ =0;0,?0/ऺ 9:9ர
/4?30=0/ऺ0C;:>@=0>ऺ ஫>0A0=,7ऺ >@-ர0C;:>@=0>ऺ;0=ऺ:->0=A,?4:9஬யऺ ?30ऺ ?,>6ऺ ऺ 4>ऺ@>0/ऺ ?:ऺ.:8-490ऺ ?30,.>=05
48,20>ऺ,9/ऺ=050.?ऺ.:>84.ऺ=,D>ற
#30ऺ?,>6 .:9?49@0>ऺB4?3ऺ=:@?490ऺ48,20ऺ=0/@.?4:9>ாऺ����ऺ48,20>ऺ,=0ऺ/,=6ர>@-?=,.?0/ऺ஫:84??0/ऺ,.>வ/ऺ
-Dऺ /01,@7?஬ऺ ,9/ऺ 17,?ர1407/0/றऺ ���ऺ 48,20>௎>49270ऺ 48,20>ऺ ,9/ऺ 48,20>ऺ .:8-490/ऺB4?3 ௎,=0யऺ ,>ऺ ,.>=05
,;;=:;=4,?0யऺ/,=6ர>@-?=,.?0/யऺ;:>?ர17,>3ர>@-?=,.?0/யऺ,9/ऺ17,?ர1407/0/ற
"��ऺ����ऺ 48,20>ऺ 49ऺ ?30ऺ,>>:.4,?4:9யऺ .=0,?0/ऺ 1=:8ऺ =0;0,?0/ऺ9:9ர/4?30=0/ऺ0C;:>@=0>யऺ ,=0ऺ >@880/
@>492ऺ?30ऺ?,>6 றऺ,.>>@8

�,74-=,?0/ऺ/,?,ऺ;=:/@.?>ऺ1=:8 ஫B4?3ऺ>@114C0> யऺ யऺ,9/ >17ற14?>஬ऺ.,7,.>ऺ ऺflt.fits/flc.fits crj.fits/crc.fits  
,=0ऺ49ऺ@94?>ऺ:1 றऺ070.?=:9>

&3470ऺ 49?0=80/4,?0ऺ>?0;>ऺ 49 8,60ऺ@>0ऺ:1ऺ>6Dऺ>@-?=,.?4:9ऺA,7@0>ऺ?:ऺ;0=1:=8ऺ.0=?,49ऺ>?0;>யऺ>@.3ऺ,>ऺ 49ऺ.,7,.>ऺ
4/09?41D492ऺ.:>84.ऺ=,D>யऺ,77ऺ/,?,ऺ;=:/@.?>ऺ.=0,?0/ऺ-Dऺ?30ऺ;4;07490ऺB477 -0ऺ>6Dऺ>@-?=,.?0/றऺ9:?ऺ

.,7,.>ऺ >?,9/,=/ऺ .,74-=,?4:9ऺ 149,7ऺ ;=:/@.?>ऺ 3,A0ऺ >@114C0>ऺ ऺ ,9/ऺ றऺ &309ऺ =@9flt.fits crj.fits
8,9@,77Dயऺ 41ऺ/0>4=0/யऺ .,7,.>ऺ,7>:ऺ.=0,?0>ऺ ?08;:=,=Dऺ 49?0=80/4,?0ऺ/,?,ऺ;=:/@.?>யऺ >@.3ऺ,>ऺ ?3:>0ऺB4?3
?30ऺ>@114Cऺ றऺblv_tmp.fits

�:=ऺ &��ऺ 48,20>யऺ .,7,.>ऺ ;=:/@.0>ऺ .:@9?0=;,=?ऺ /,?,ऺ 1470>ऺ ?3,?ऺ 3,A0ऺ @9/0=2:90ऺ ;4C07ர-,>0/ऺ �#�
.:==0.?4:9>றऺ #30ऺ �#�ர.:==0.?0/ऺ 149,7ऺ /,?,ऺ ;=:/@.?>ऺ 3,A0ऺ >@114C0>ऺ ऺ ,9/ऺ யऺ ?:flc.fits crc.fits
.:8;70809?ऺ ऺ,9/ऺ ऺ1470>யऺ=0>;0.?4A07Dறऺ&309ऺ.,7,.>ऺ4>ऺ=@9ऺ8,9@,77Dऺ1:=ऺ&��ऺ/,?,யflt.fits crj.fits
?08;:=,=Dऺ 49?0=80/4,?0ऺ/,?,ऺ;=:/@.?>ऺ3,A0ऺ?30ऺ 70??0=ऺ஧ऺ.஧ऺ ऺ 49ऺ?30ऺ>@114Cऺ ?:ऺ 49/4.,?0ऺ?3,?ऺ 4?ऺ3,>ऺ,7>:
-009ऺ.:==0.?0/ऺ1:=ऺ�#�யऺ>@.3ऺ,>ऺ ऺ,>ऺ?30ऺ.:@9?0=;,=?ऺ1:=ऺ றऺblc_tmp.fits blv_tmp.fits

�0D:9/ऺ.,7,.>யऺ?30ऺ;4;07490ऺ,7>:ऺ;=:/@.0>ऺ?B:ऺ>0?>ऺ:1ऺ/=4EE70/ऺ/,?,ऺ1:=ऺ&��யऺB4?3ऺ>@114C0>ऺdrz.fits
ऺ,9/ऺ றऺ�9ऺ?34>ऺ/:.@809?யऺ@970>>ऺ?30ऺ.:9?0C?ऺ4>ऺ>;0.414.,77Dऺ1:=ऺ:90ऺ:=ऺ?30ऺ:?30=யऺ>?,9/,=/ऺ,9/drc.fits
�#�ர.:==0.?0/ऺ1470>ऺ809?4:90/ऺ-Dऺ>@114CऺB477ऺ,;;0,=ऺ>0;,=,?0/ऺ-Dऺ,ऺ஧ऺல஧ऺ1:=ऺ49>?,9.0ய flt.fits/flc.

றfits
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ழறऺऺ

,றऺऺ

-றऺऺ
.றऺऺ

வறऺऺ

,றऺऺ
-றऺऺ

�,74-=,?0/ऺ;=:/@.?>ऺ1=:8ऺ?30ऺ;4;07490ऺ8,Dऺ>?477ऺ.:9?,49ऺ>:80ऺ,=?41,.?>ऺ>@.3ऺ,>ऺ3:?ऺ;4C07>யऺ.:>84.ऺ=,D>யऺ,9/யऺ49
?30ऺ.,>0ऺ:1ऺ;:>?ர"�ஷऺ&��ऺ>@-,==,Dऺ48,20>யऺ-4,>ऺ>?=4;492றऺ#:ऺ.:==0.?ऺ1:=ऺ;:>?ர"�ஷऺ>@-,==,Dऺ-4,>ऺ>?=4;492யऺ,1?0=
-4,>ऺ>@-?=,.?4:9ऺ-@?ऺ-01:=0ऺ ?30ऺ=0>?ऺ:1ऺ ?30ऺ.,74-=,?4:9ऺ>?0;>யऺ 4?ऺ 4>ऺ.@==09?7Dऺ90.0>>,=Dऺ ?:ऺ@>0ऺ,ऺ>?,9/,7:90ऺ

=:@?490ऺ஫ ஬ऺB4?349ऺ ऺ஫>00 ,9/ऺ ऺ49 ஬றऺ!0>4/@,7�D?3:9ऺ ,.>ே/0>?=4;0ே;7@> ,.>?::7> ऺ"0.?4:9ऺஷறவறழऺ �C,8;70ऺஸ ऺ"0.?4:9ऺஶறஸறவ
3:?ऺ;4C07>ऺ,9/ऺ.:>84.ऺ=,D>ऺ8,Dऺ-0ऺ=050.?0/ऺ1=:8ऺ/4?30=0/ऺ48,20>ऺ@>492 ?:ऺ;=:.0>>ऺ,>>:.4,?4:9>ऺ�>?=:�=4EE70ऺ
.=0,?0/ऺ1=:8ऺ:->0=A,?4:9>ऺ?,609ऺB4?3ऺ?30ऺ஧��"ऺ#�!�஧ऺ:=ऺ/4?30=ऺ஧��##�!�஧ऺ>;0.4,7ऺ=0<@4=0809?>ऺ49ऺ�3,>0ऺ��
;=:;:>,7>ற

.,7,.>ऺ,9/ऺ"49270ऺ�C;:>@=0>

�,.3ऺ>49270ர0C;:>@=0ऺ=,Bऺ48,20ऺ@9/0=2:0>ऺ>?,9/,=/ऺ/0?0.?:=ऺ.,74-=,?4:9>ऺ49 யऺ>@.3ऺ,>ऺ-4,>ऺ>@-?=,.?4:9யऺ.,7,.>
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Figure 3.1: Flow Diagram for ACS Data, With calacs Task Names
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Figure 3.2: Flow Diagram for CCD Data Using acsccd and acscte in calacs

The overscan areas are trimmed only if the raw image header keyword BLEVCORR = PERFORM. In almost all cases, this is
the default value. Only in rare instances will that keyword be set to OMIT.
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Figure 3.3: Flow Diagram for MAMA and Overscan-Trimmed CCD Data Using acs2d in calacs
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�1ऺ�!�#�'�ऺுऺழऺ?309ऺ"PERFORM" else "OMIT"

DRIZCORR �4?30=ऺ;=:.0>>492 ����$�#ऺீऺ"PERFORM"
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14=>?ऺ-0ऺ/0ர>?=4;0/ऺ஫>00ऺ-07:Bऺ1:=ऺ8:=0ऺ491:=8,?4:9஬ற

�4,>ऺ>?=4;492ऺ 49ऺ;:>?ர"�ஷऺ>@-,==,Dऺ 48,20>ऺ 4>ऺ9:?ऺ.:==0.?0/ऺB4?349 றऺ"@-,==,Dऺ>?=4;0ऺ=08:A,7ऺ =0<@4=0>ऺ.,7,.>
14??492ऺ ,.=:>>ऺ ?30ऺ 09?4=0ऺ 48,20ऺ =024:9யऺ ,>ऺ /4>.@>>0/ऺ 49 யऺ @>492ऺ ?30ऺ >?,9/ர,7:90ऺ ?,>6ऺ "0.?4:9ऺ ஶறஷறழ ऺ

49ऺ?30 >@4?0றऺ஫"00ऺ,7>:ऺ ऺ49 ஬,.>ே/0>?=4;0ே;7@>ऺ ऺ,.>?::7>ऺ �C,8;70ऺஸ ऺ"0.?4:9ऺஶறஸறவ

�D;,>>492ऺ?30ऺ���#��!!ऺ"?0;

�@=492ऺ?30 >?0;யऺ;4C07ऺA,7@0>ऺ,9/ऺ@94?>ऺ,=0ऺ9:?ऺ.3,920/றऺ#34>ऺ>?0;ऺ:97Dऺ.,7.@7,?0>ऺ?30ऺA,7@0>ऺ:1ऺ?30ऺ/:�3:?ऺ
.,74-=,?0/ऺ48,20ப>ऺ;3:?:80?=4.ऺ30,/0=ऺ60DB:=/>யऺ>@.3ऺ,>ऺ?30ऺ49A0=>0ऺ>09>4?4A4?Dऺ.:9A0=>4:9ऺ1,.?:=ऺ஫PHOTFLAM
஬றऺ�70,>0ऺ=010=ऺ?: ऺ1:=ऺ8:=0ऺ491:=8,?4:9றऺ"0.?4:9ऺஶறஷறஷऺ஧/:�3:?ऺரऺ�3:?:80?=Dऺ�0DB:=/ऺ�,7.@7,?:=஧

&309ऺ;:;@7,?492ऺ ?30ऺ;3:?:80?=4.ऺ 60DB:=/>ऺ/@=492ऺ ?30ऺ >?0;ய @>0>ऺ ?30 �!�" =010=09.0ऺ 1470/:�3:?ऺ ऺ .,7,.>ऺ ऺ ऺ ऺ
றऺ ":80ऺ @>0=>ऺ 149/ऺ 4?ऺ .@8-0=>:80ऺ ?:ऺ 600;ऺ @;ऺB4?3ऺ ?30ऺ @;/,?0>யऺ ,9/ऺ ;=010=ऺ ?:ऺ >48;7Dऺ .:;Dऺ ?30IMPHTTAB

;3:?:80?=4.ऺ60DB:=/ऺA,7@0>ऺ1=:8ऺ?30ऺ:=4249,7ऺ.,74-=,?0/ऺ/,?,ऺ49?:ऺ?30ऺ=,Bऺ48,20ப>ऺ;=48,=Dऺ30,/0=யऺ?309ऺ=@9ऺ
B4?3ऺ?30 >B4?.3ऺ>0?ऺ?: ற.,7,.>ऺ ऺPHOTCORRऺ ऺOMIT

ஶறஸறவ .,7,.>ऺ�C,8;70>ऺ
�9ऺ?30>0ऺ0C,8;70>ய 4>ऺ@>0/ऺ?:ऺ=@9 றऺ#30>0ऺ�D?3:9ऺ1@9.?4:9>ऺ,=0ऺ>48;7DऺB=,;;0=>ऺ,=:@9/ऺ?30ऺ�ऺ�D?3:9ऺ ऺ.,7,.>
.:/0ऺ?3,?ऺ.:8;=4>0> யऺ,9/ऺ,>ऺ>@.3ऺ?30Dऺ8,Dऺ,7>:ऺ-0ऺ=@9ऺ:@?>4/0ऺ:1ऺ?30ऺ�D?3:9ऺ09A4=:9809?றऺ.,7,.>

�C,8;70ऺழ஽ऺ!0;=:.0>>492ऺ,ऺ"49270ऺ�C;:>@=0ऺ$>492ऺ,ऺ�4110=09?ऺ�4,>ऺ�470

#30ऺ 1:77:B492ऺ 0C,8;70ऺ @>0>ऺ&��ऺ /,?,ऺ 1=:8ऺ ?30ऺ �D.70ऺ வஶऺ ऺ ஫��஽ऺ �34,-0=20஬யऺ B34.3���ல��"ऺ ;=:2=,8ऺ ழஷஶ஼஻
8:94?:=>ऺ ?30ऺ��"ல&��ऺ�#�ऺ@>492ऺ:->0=A,?4:9>ऺ:1ऺ ?30ऺ27:-@7,=ऺ.7@>?0=ऺ���ऺழளஷऺ ஫ஷ஺ऺ#@.,9,0஬ऺ 49ऺ ?30ऺ�ஸளவ�
147?0=றऺ #30ऺ /,?,>0?ऺ 9,80>ऺ ,=0 ,9/ யऺ ,9/ऺ ,=0ऺ ;,=?ऺ :1ऺ ?30ऺ ,>>:.4,?4:9 றऺ JD1Y04RLQऺ ऺ JD1Y04RNQ ऺ JD1Y04011
�:B97:,/ऺ?30ऺ,>>:.4,?4:9ऺ஫�"�஬ऺ,9/ऺ=,Bऺ��#"ऺ1470>ऺ1=:8ऺ?30ऺ றऺ�9ऺ:@=ऺ0C,8;70>யऺB0ऺ3,A0ऺ>?:=0/��"#ऺ,=.34A0
?30ऺ ��#"ऺ 1470>ऺ 49ऺ ,ऺ >@-/4=0.?:=Dऺ .,770/ऺ ऺ >:ऺ ?3,?ऺ B0ऺ .,9ऺ .:;Dऺ ?30ऺ 1470>ऺ ?:ऺ ?30ऺ .@==09?ऺ B:=6492cal_fits/
/4=0.?:=DऺB3470ऺ ;=0>0=A492ऺ ?30ऺ:=4249,7ऺ 1470>ऺ 1:=ऺ :?30=ऺ 0C,8;70>றऺ �0.,@>0ऺ ?34>ऺ 4>ऺ ,9ऺ ,>>:.4,?4:9ऺB34.3ऺB,>
8,/0ऺ1=:8ऺ?30ऺ?B:ऺ;,=?>ऺ:1ऺ,ऺ�!ர"���#ऺ0C;:>@=0யऺ?30ऺ,>>:.4,?4:9ऺ9,80ऺ30=0ऺ09/>ऺB4?3ऺ,ऺ஧ழ஧ऺ49>?0,/ऺ:1ऺ,ऺ஧ள஧ற

�D?3:9ऺ���$#஽

from astropy.io import fits
from astropy.table import Table
import shutil
 
shutil.copy('cal_fits/jd1y04011_asn.fits', '.')
shutil.copy('cal_fits/mybias.fits', '.')
 
#Adding the Table() function from astropy.table makes some
#tasks more convenient and makes the formatting of the table
#more readable in the notebook
 
asn_hdu = fits.open('jd1y04011_asn.fits')
asn_table = Table(asn_hdu[1].data)
asn_hdu.close()

https://hst-docs.stsci.edu/display/ACSDHB/3.4+calacs+Processing+Steps%23id-3.4calacsProcessingSteps-3.4.1
https://hst-docs.stsci.edu/display/ACSDHB/3.4+calacs+Processing+Steps%23id-3.4calacsProcessingSteps-3.4.4
https://www.stsci.edu/cgi-bin/get-proposal-info?id=14398&observatory=HST
https://archive.stsci.edu/
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asn_table

�D?3:9ऺ�$#�$#஽

������� ���#(�� ����!"�#

>?=ழஷ >?=ழஷ -::7

JD1Y04RLQ EXP-CRJ #=@0

JD1Y04RNQ EXP-CRJ #=@0

JD1Y04011 PROD-CRJ #=@0

�:=ऺ ?30ऺ;@=;:>0>ऺ:1ऺ ?34>ऺ 14=>?ऺ 0C,8;70யऺ ,>>@80ऺ ?3,?ऺ ?30ऺ:->0=A,?4:9>ऺ ;,=?ऺ :1ऺ ,9ऺ ,>>:.4,?4:9றऺ #34>,=0ऺ9:?ऺ
0C,8;70ऺB477ऺ477@>?=,?0ऺ?30ऺ>?0;>ऺ=0<@4=0/ऺ?:ऺ=0;=:.0>>ऺ,ऺ>49270ऺ0C;:>@=0ऺ஫ ஬ऺ,1?0=ऺ.3,92492ऺ?30ऺ-4,>JD1Y04RLQ
=010=09.0ऺ 1470ऺ 1=:8ऺ?30ऺ/01,@7?ऺA,7@0ऺ ?:ऺ,ऺ 1470ऺ>;0.4140/ऺ-Dऺ ?30ऺ@>0=றऺ�:?0ऺ ?3,?ऺB0ऺB477ऺ,7>:ऺ�#�ऺ.:==0.?ऺ ?34>
48,20யऺ-@?ऺB0ऺB477ऺ:84?ऺ?34>ऺ1:=ऺ1@?@=0ऺ0C,8;70>றऺ#30ऺ�#�ऺ.:==0.?4:9ऺ4>ऺ.:8;@?,?4:9,77Dऺ0C;09>4A0ऺ,9/ऺ?3@>

�Dऺ/01,@7?யऺ4?ऺB477ऺ@>0ऺ,77ऺ:1ऺD:@=ऺ8,.3490ப>ऺ;=:.0>>:=>றற8,Dऺ?,60ऺ,ऺ7:92ऺ?480ऺ?:ऺ=@9ऺ:9ऺD:@=ऺ8,.3490 ऺ

�,60ऺ>@=0ऺ?3,?ऺ?30 60DB:=/ऺ4>ऺ>0?ऺ?:ऺ?30ऺ��"ऺ=010=09.0ऺ1470>ऺ,>ऺ/0>.=4-0/ऺ0,=740=ऺ49ऺ?34>ऺ>0.?4:9றऺjrefऺ
�:;Dऺ?30ऺ:=4249,7ऺ1470ऺ49?:ऺ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dऺ,>ऺ>3:B9ऺ,-:A0ऺ1:=ऺ?30ऺ,>>:.4,?4:9ऺ1470ற
#:ऺ/0?0=8490ऺB34.3ऺ-4,>ऺ=010=09.0ऺ1470ऺ9,80ऺB,>ऺ>;0.4140/ऺ49ऺ?30ऺ48,20ऺ30,/0=யऺ:;09ऺ?30ऺ=,Bऺ��#"ऺ1470
,9/ऺ,..0>>ऺ?30ऺA,7@0ऺ1:=ऺ?30ऺ30,/0=ऺ60DB:=/ऺBIASFILE 

�D?3:9ऺ���$#஽ऺ

shutil.copy('cal_fits/jd1y04rlq_raw.fits', '.')
hdu_raw = fits.open('jd1y04rlq_raw.fits', mode = 'update')
hdr0 = hdu_raw[0].header
 
print(hdr0['BIASFILE'])

�D?3:9ऺ�$#�$#஽

jref$09k2026tj_bia.fits

�/4?ऺ?30ऺ;=48,=Dऺ30,/0=ऺ:1ऺ?30ऺ=,Bऺ48,20ऺ?:ऺ09?0=ऺ?30ऺ9,80ऺ:1ऺ?30ऺ90Bऺ-4,>ऺ1470ऺ.,770/ऺmybias.fits 
஫1:=ऺ?34>ऺ0C,8;70யऺ ऺ4>ऺ,ऺ.:;Dऺ:1ऺ?30ऺ/01,@7?ऺ-4,>ऺ=010=09.0ऺ1470ऺ74>?0/ऺ49ऺ?30ऺ30,/0=஬றmybias.fits

�D?3:9ऺ���$#஽

hdr0['BIASFILE'] = 'mybias.fits'

"0?ऺ?30 ;=:.0>>492ऺ>?0;ऺ?: ,9/ऺ.:;Dऺ?30ऺA,7@0>ऺ:1ऺ?B:ऺ@>01@7ऺ;3:?:80?=4.ऺ60DB:=/>ऺPHOTCORRऺ ऺOMITऺ
1=:8ऺ ?30ऺ .,74-=,?0/ऺ 48,20ऺ ஫=0?=40A0/ऺ 1=:8ऺ ?30ऺ �=.34A0஬ऺ ?:ऺ ?30ऺ =,Bऺ 48,20ऺ ஫>00ऺ ஧�D;,>>492ऺ ?30

1:=ऺ8:=0ऺ491:=8,?4:9ற஬ऺ#30 60DB:=/ऺB477ऺ-0ऺ@>01@7ऺ1:=ऺ;3:?:80?=4.ऺ.,74-=,?4:9஧���#��!! ऺ ऺPHOTFLAMऺ
/@=492ऺ48,20ऺ,9,7D>4>யऺ,9/ 4>ऺ@>01@7ऺ,>ऺ,ऺ.:9.4>0ऺ/0>.=4;?4:9ऺ:1ऺ?30ऺ:->0=A,?4:9ऺ8:/0றऺ�:?0஽ऺPHOTMODEऺ
�:=ऺ&��ऺ48,20>யऺ?30ऺ60DB:=/>ऺ900/ऺ?:ऺ-0ऺ0/4?0/ऺ1:=ऺ-:?3ऺ"��ऺ0C?09>4:9>யऺ3:B0A0=ऺ?30ऺA,7@0>ऺ49ऺ?30
0C?09>4:9>ऺ,=0ऺ4/09?4.,7ற

#30ऺ;4C07ர-,>0/ऺ�#�ऺ.:==0.?4:9ऺ,72:=4?38ऺB,>ऺ@;/,?0/ऺ49ऺ�@7Dऺவளழ஺யऺ,9/ऺ9:?ऺ,77ऺ1470>ऺ49ऺ?30ऺ�=.34A0ऺ3,A0
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#30ऺ;4C07ர-,>0/ऺ�#�ऺ.:==0.?4:9ऺ,72:=4?38ऺB,>ऺ@;/,?0/ऺ49ऺ�@7Dऺவளழ஺யऺ,9/ऺ9:?ऺ,77ऺ1470>ऺ49ऺ?30ऺ�=.34A0ऺ3,A0
-009ऺ=0;=:.0>>0/ऺ@>492ऺ?30ऺ90Bऺ80?3:/றऺ�//4?4:9,77Dயऺ,9Dऺ1470>ऺD:@ऺ8,Dऺ3,A0ऺ/:B97:,/0/ऺ1=:8ऺ?30
�=.34A0ऺ;=4:=ऺ?:ऺ�@2@>?ऺஶயऺவளழ஺ऺB477ऺ9:?ऺ3,A0ऺ?30ऺ90B 1470ऺ49ऺ?30ऺ30,/0=றऺ�9ऺ?30>0ऺ.,>0>யऺPCTETABऺ ऺ.,7,.>ऺ
B477ऺ9:?ऺ=@9ऺ:9ऺ1470>ऺB4?3 >0?ऺ?:ऺ,9ऺ:7/ऺ=010=09.0ऺ1470ऺ@970>>ऺ04?30= 4>ऺ>0?ऺ?:ऺ���#ऺ:=ऺPCTETABऺ ऺPCTECORRऺ ऺ

4>ऺ >0?ऺ ?:ऺ ?30ऺ 7,?0>?ऺ =010=09.0ऺ 1470ऺ ஫,7?0=9,?4A07Dயऺ :90ऺ .,9ऺ 1:=.0 ?:ऺ =@9ऺ B4?3ऺ ?30ऺ :7/PCTETABऺ ऺ .,7,.>ऺ
80?3:/ऺ,>ऺB077஬றऺ�9ऺ?34>ऺ0C,8;70யऺB0ऺ0/4? ?:ऺ;:49?ऺ?:ऺ?30ऺ8:>?ऺ=0.09? 1470ऺ49ऺ?30ऺPCTETABऺ ऺ*_cte.fitsऺ ऺ

/4=0.?:=Dறऺjrefऺ

�D?3:9ऺ���$#஽

hdr0['PHOTCORR'] = 'OMIT'
 
#Grab the values of the PHOTFLAM and PHOTMODE 
#keywords from the FLT file in cal_fits/
#Note that we have mixed the nomenclature to use the [1]
#and ['sci',1] notations for the image extensions. Please
#see the ACS Data Handbook Section 2.2 "ACS File Structure"
#for more information.
hdu_flt = fits.open('cal_fits/jd1y04rlq_flt.fits')
hdr_flt = hdu_flt[1].header
hdr1, hdr4 = hdu_raw['sci',1].header, hdu_raw['sci',2].header
hdu_flt.close()
photflam, photmode = hdr_flt['PHOTFLAM'], hdr_flt['PHOTMODE']
 
#Update the header keywords
hdr1['PHOTFLAM'] = photflam
hdr1['PHOTMODE'] = photmode
hdr4['PHOTFLAM'] = photflam
hdr4['PHOTMODE'] = photmode
hdr0['PCTETAB'] = 'jref$16k1747tj_cte.fits'
 
#Close the raw file to push the changes to the header
hdu_raw.close()

&0ऺ .,9ऺ 9:Bऺ =@9 :9ऺ ?30ऺ =,Bऺ ��#"ऺ 1470யऺ B34.3ऺ B477ऺ -0ऺ ;=:.0>>0/ऺ B4?3ऺ ?30ऺ @>0=ர>;0.4140/ऺ -4,>ऺ .,7,.>ऺ
=010=09.0ऺ 1470 #30ऺ =0>@7?ऺ B477ऺ -0ऺ ?B:ऺ .,74-=,?0/ऺ 48,20>஽ऺ :90ऺ B4?3ऺ ?30ऺ றmybias.fits ऺ ऺ flt.fitsऺ
0C?09>4:9ாऺ,9/ऺ,ऺ�#�ர.:==0.?0/ऺ:90ऺB4?3ऺ?30 0C?09>4:9றऺ�ऺ?=,470=ऺ1470ऺB4?3ऺ?30 ऺ0C?09>4:9ऺflc.fitsऺ ऺ.tra
/0>.=4-492ऺ?30ऺ>?0;>ऺ?,609ऺ-D 4>ऺ,7>:ऺ;=:/@.0/றऺ.,7,.>ऺ

��#�஽ऺ�8;:=?492ऺ B477ऺ;=49?ऺ,ऺ80>>,20ऺ஫>00ऺ?30ऺ.:/0ऺ-7:.6ऺ-07:B஬றऺ#34>ऺ4>ऺ/:90ऺ:9ऺ48;:=?ऺ:97D.,7,.>ऺ
,9/ऺ9:?ऺ0A0=Dऺ?480ऺ 4>ऺ=@9ற.,7,.>ऺ
�D?3:9ऺ���$#஽ऺ

from acstools.calacs import calacs
 
calacs('jd1y04rlq_raw.fits')

#30ऺ1:77:B492ऺ?,>6>ऺ49ऺ?30ऺ,.>?::7>ऺ;,.6,20ऺ.,9ऺ-0ऺ=@9ऺB4?3ऺ#���஽
,.>வ/ऺऺऺऺऺऺऺ,.>ே/0>?=4;0ऺऺऺऺऺऺऺऺ,.>ே/0>?=4;0ே;7@>
,.>../ऺऺऺऺऺऺ,.>.?0ऺऺऺऺऺऺऺऺऺऺऺऺऺऺऺऺऺ,.>=05
,.>>@8ऺऺऺऺऺ.,7,.>ऺऺ
�4C�?0�:==ऺ4>ऺ9:ऺ7:920=ऺ>@;;:=?0/றऺ�70,>0ऺ@>0ऺ,.>.?0ற

ऺ
#30ऺ.077ऺ-07:Bऺ.70,9>ऺ@;ऺ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dऺ-Dऺ=08:A492ऺ?30ऺ1470>ऺ.=0,?0/ऺ-Dऺ?34>ऺ0C,8;70றऺ

ற�97Dऺ=@9ऺ?34>ऺB309ऺD:@ऺ,=0ऺ1494>30/ऺB4?3ऺ?34>ऺ0C,8;70
�D?3:9ऺ���$#஽ऺ
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import os, glob
files = glob.glob('jd1y04*') + ['mybias.fits']
for x in files:
    if os.path.exists(x):
        os.remove(x)

�C,8;70ऺவ஽ऺ!0;=:.0>>492ऺ�@7?4;70ऺ�C;:>@=0>ऺ#,609ऺB4?3ऺ஧�!ர"���#஧ऺ&4?349ऺ,9ऺ�>>:.4,?4:9

#34>ऺ 0C,8;70ऺ@>0>ऺ ?30ऺ >,80ऺ/,?,ऺ 1=:8ऺ ऺ,9/ऺ 477@>?=,?0>ऺ ?30ऺ >?0;>ऺ =0<@4=0/ऺ ?:ऺ =0;=:.0>>ऺ,9ऺ��"�C,8;70ऺழ
,>>:.4,?4:9ऺ,1?0=ऺ.3,92492ऺ?30ऺ-4,>ऺ=010=09.0ऺ1470ऺ1=:8ऺ?30ऺ/01,@7?ऺA,7@0ऺ?:ऺ,ऺ1470ऺ>;0.4140/ऺ-Dऺ?30ऺ@>0=றऺ#30
>?0;>ऺ=0<@4=0/ऺ,=0ऺ>4847,=ऺ?:ऺ?30ऺ;=0A4:@>ऺ0C,8;70யऺB4?3ऺ,ऺ10Bऺ8:/414.,?4:9>ற

#30ऺ,>>:.4,?4:9ऺ?,-70ऺ>3:B>ऺ?30ऺ48,20>ऺ1=:8ऺ?B:ऺ0C;:>@=0>றऺ#30ऺ���#(��ऺA,7@0ऺ஧�'�ர�!�஧ऺ49/4.,?0
?3,?ऺ ?3:>0ऺ ?B:ऺ 48,20>ऺB0=0ऺ .=0,?0/ऺ 1=:8ऺ ,ऺ ஧�!ர"���#஧ऺ 0C;:>@=0றऺ #30ऺ .:>84.ऺ =,Dர=050.?0/ऺ ;=:/@.?
.=0,?0/ऺ-D 3,>ऺ?30ऺ=::?9,80ऺ.,7,.>ऺ ऺJ1DY04011

�D?3:9ऺ���$#஽ऺ

from astropy.io import fits
from astropy.table import Table
from acstools.calacs import calacs
import shutil, glob
 
shutil.copy('cal_fits/jd1y04011_asn.fits', '.')
shutil.copy('cal_fits/mybias.fits', '.')
 
#Adding the Table() function from astropy.table makes some
#tasks more convenient and makes the formatting of the table
#more readable in the notebook
asn_hdu = fits.open('jd1y04011_asn.fits')
asn_table = Table(asn_hdu[1].data)
asn_hdu.close()
 
asn_table

�D?3:9ऺ�$#�$#஽

������� ���#(�� ����!"�#

>?=ழஷ >?=ழஷ -::7

��ழ(ளஷ!� �'�ர�!� #=@0

��ழ(ளஷ!� �'�ர�!� #=@0

��ழ(ளஷளழழ �!��ர�!� #=@0

�:;Dऺ?30ऺ48,20>ऺ1=:8ऺ?30ऺ.,7ே14?>லऺ/4=0.?:=Dऺ?:ऺ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dऺ,9/ऺ0/4?ऺ?30ऺ30,/0=>ऺ?:
;:49? ?: ,9/ऺ @;/,?0ऺ ?30 ய யऺ ,9/ ऺ 60DB:=/>ऺ BIASFILEऺ ऺ mybias.fitsऺ ऺ PHOTCORR ऺ PHOTFLAM ऺ PHOTMODE
,;;=:;=4,?07Dऺ,>ऺ49ऺ றऺ�>ऺ809?4:90/ऺ;=0A4:@>7Dயऺ49ऺ?34>ऺ,9/ऺ1@?@=0ऺ0C,8;70>யऺB0ऺB477ऺ>0?ऺ?30�C,8;70ऺழ ऺ

60DB:=/ऺ?:ऺ���#ऺ1:=ऺ?30ऺ>,60ऺ:1ऺ0C;0/409.Dறऺ#309ऺ=@9 றPCTECORRऺ ऺ.,7,.>

�D?3:9ऺ���$#஽

#Here we have hardcoded the file names, but we could also 
#access the rootnames from asn_table as asn_table['MEMNAME'][0]
#and asn_table['MEMNAME'][1].
shutil.copy('cal_fits/jd1y04rlq_raw.fits', '.')
shutil.copy('cal_fits/jd1y04rnq_raw.fits', '.')
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#Use the glob function to create a list of the raw FITS files
#that we can loop over
raw_files = glob.glob('*raw.fits')
for x in raw_files:
    
    #Open the primary header of the raw image and get the
    #rootname for accessing the calibrated files
    hdu_raw = fits.open(x, mode = 'update')
    hdr0, hdr1, hdr4 = hdu_raw[0].header, hdu_raw['sci',1].header, hdu_raw['sci',2].header
    rootname = hdr0['ROOTNAME'].lower()
    cal_image = 'cal_fits/' + rootname + '_flt.fits'
    
    #Get the PHOTFLAM and PHOTMODE keywords from the
    #calibrated image science header
    hdu_flt = fits.open(cal_image)
    hdr_flt = hdu_flt['sci',1].header
    hdu_flt.close()
    photflam, photmode = hdr_flt['PHOTFLAM'], hdr_flt['PHOTMODE']
    
    #Update the raw image headers
    hdr0['BIASFILE'] = 'mybias.fits'
    hdr0['PCTETAB']  = 'jref$16k1747tj_cte.fits'
    hdr0['PHOTCORR'] = 'OMIT'
    hdr0['PCTECORR'] = 'OMIT'
    hdr1['PHOTMODE'] = photmode
    hdr1['PHOTFLAM'] = photflam
    hdr4['PHOTMODE'] = photmode
    hdr4['PHOTFLAM'] = photflam
    
    #Close the raw file to push the changes to the header
    hdu_raw.close()
    
#Run calacs on the association file
calacs('jd1y04011_asn.fits')

#30ऺ;=:/@.?>ऺ,=0ऺ?3=00ऺ.,74-=,?0/ऺ48,20>஽ऺழ஬ऺ?B:ऺ ऺflt.fits 1470>யऺ:90ऺ1:=ऺ0,.3ऺ:1ऺ?30ऺ�'�ர�!�ऺ48,20>ऺ49
ா?30ऺ,>>:.4,?4:9 ऺ,9/ऺவ஬ऺ:90ऺ.:>84.ர=,Dऺ.70,90/ऺ48,20ऺ?3,?ऺ4>ऺ?30ऺ.:8-49,?4:9ऺ:1ऺ?30ऺ?B:ऺ49;@?ऺ48,20>

@>492ऺ?30ऺ ऺ,.>=05 ,72:=4?38ऺB4?3ऺ9:ऺ�#�ऺ.:==0.?4:9ऺ,;;740/ற

ऺ
#30ऺ.077ऺ-07:Bऺ.70,9>ऺ@;ऺ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dऺ-Dऺ=08:A492ऺ?30ऺ1470>ऺ.=0,?0/ऺ-Dऺ?34>ऺ0C,8;70றऺ�97D

ற=@9ऺ?34>ऺB309ऺD:@ऺ,=0ऺ1494>30/ऺB4?3ऺ?34>ऺ0C,8;70
�D?3:9ऺ���$#஽ऺ

import os, glob
files = glob.glob('jd1y04*') + ['mybias.fits']
for x in files:
    if os.path.exists(x):
        os.remove(x)

�C,8;70ऺஶ஽ऺ�:8-49492ऺ�C;:>@=0>ऺ�=:8ऺ�@7?4;70ऺ�>>:.4,?4:9>

#34>ऺ0C,8;70ऺ477@>?=,?0>ऺ?30ऺ>?0;>ऺ=0<@4=0/ऺ?:ऺ.:8-490ऺ?B:ऺ>0?>ऺ:1ऺ=0;0,?0/ऺ:->0=A,?4:9>ऺ?:ऺ.=0,?0ऺ,ऺ.:>84.
=,Dர=050.?0/ऺ.:8-490/ऺ48,20றऺ#30ऺ/,?,ऺ1:=ऺ?34>ऺ0C0=.4>0ऺ.:80>ऺ1=:8ऺ?30ऺ��"ऺ.,74-=,?4:9ऺ;=:2=,8யऺ���ல��"

யऺ?3,?ऺ:->0=A0/ऺ���ऺழளஷऺ஫ஷ஺ऺ#@.,9,0஬ऺ@>492ऺ?30ऺ�!�ऺB4?3ऺ,ऺ.70,=ऺ147?0=றऺ#30ऺ,>>:.4,?4:9>பऺ9,80>;=:2=,8ऺ஼ஹஹவ
,9/ऺ,=0ऺ�஻�"ளழளவழऺ ऺ�஻�"ளழளஷழயऺ,9/ऺ?30Dऺ,2,49யऺ,>ऺ49ऺ?30ऺ0C,8;70>ऺ4880/4,?07Dऺ,-:A0யऺ8,Dऺ-0ऺ8:=0ऺ/4114.@7?ऺ?:

149/ऺ@970>>ऺ,..0>>492ऺ?308ऺA4,ऺ?30ऺ�=:2=,8ऺ�91:=8,?4:9ऺ;,20ऺ,9/ऺ2:492ऺ?:ऺ?30ऺ%4>4?ऺ"?,?@>ऺ7496ऺ,9/ऺ.74.6492
றऺ�,.3ऺ,>>:.4,?4:9ऺ.:8;=4>0>ऺ:1ऺ?B:ऺழர>0.:9/ऺ0C;:>@=0>யऺ,9/ऺ>3,=0ऺ?30:9ऺ?30ऺ�=.34A0ऺ491:=8,?4:9ऺ7496>ऺ?30=0

>,80ऺ?,=20?ऺ;:49?492ற

�:;Dऺ ?30ऺ 1470>ऺ 1=:8ऺ?30ऺ.,7ே14?>ல/4=0.?:=Dऺ ?:ऺ ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dயऺ:;09ऺ?30ऺ,>>:.4,?4:9ऺ��#"

https://www.stsci.edu/cgi-bin/get-proposal-info?id=9662&observatory=HST
https://www.stsci.edu/cgi-bin/get-proposal-info?id=9662&observatory=HST
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�:;Dऺ ?30ऺ 1470>ऺ 1=:8ऺ?30ऺ.,7ே14?>ல/4=0.?:=Dऺ ?:ऺ ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dயऺ:;09ऺ?30ऺ,>>:.4,?4:9ऺ��#"
1470>ऺ,9/ऺ80=20ऺ?30ऺ?B:ऺ?,-70>ऺ 49?:ऺ:90றऺ�97Dऺ@>0ऺ?30ऺ14=>?ऺ?B:ऺ=:B>ऺ:1ऺ0,.3ऺ1470யऺ,>ऺ?30ऺ?34=/ऺ=:Bऺ:1
0,.3ऺ?,-70ऺ.:9?,49>ऺ,ऺ.:8-490/ऺ;=:/@.?ऺ?3,?ऺB0ऺ,=0ऺ2:492ऺ?:ऺ0C.7@/0ற

from astropy.io import fits
from astropy.table import Table, vstack
from numpy import rec
from acstools.calacs import calacs
import shutil
 
shutil.copy('cal_fits/j8is01021_asn.fits', '.')
shutil.copy('cal_fits/j8is01041_asn.fits', '.')
 
asn_hdu1 = fits.open('j8is01021_asn.fits')
asn_hdu2 = fits.open('j8is01041_asn.fits')
 
asn_tab1 = Table(asn_hdu1[1].data)
asn_tab2 = Table(asn_hdu2[1].data)
asn_hdu1.close()
asn_hdu2.close()
 
#Copy one of the association files to a new file called merged_asn.fits
#for which we will overwrite the data
shutil.copy('j8is01021_asn.fits', 'merged_asn.fits')
merged_asn = fits.open('merged_asn.fits', mode = 'update')
 
merged_table = vstack([asn_tab1[0:2], asn_tab2[0:2]])
merged_table

�D?3:9ऺ�$#�$#஽

������� ���#(�� ����!"�#

>?=ஸஹ >?=ஸஹ -::7

J8IS01J2Q EXP-RPT #=@0

J8IS01J3Q EXP-RPT #=@0

J8IS01J8Q EXP-RPT #=@0

J8IS01J9Q EXP-RPT #=@0

�:Bऺ?3,?ऺB0ऺ3,A0ऺ,ऺ?,-70ऺB4?3ऺ0,.3ऺ:1ऺ?30ऺ49/4A4/@,7ऺ0C;:>@=0>ऺ49ऺ4?யऺB0ऺ900/ऺ?:ऺ,//ऺ:90ऺ8:=0ऺ=:Bऺ?:
.:9?,49ऺ?30ऺ.:>84.ர=,Dऺ=050.?0/ऺ;=:/@.?ऺ9,80ऺ஫ ஬ற�஻�"ளCCழ

�D?3:9ऺ���$#஽ऺ

merged_table.add_row(['J8IS01xx1', 'PROD_CRJ', 'yes'])
merged_table

�D?3:9ऺ�$#�$#஽

������� ���#(�� ����!"�#

>?=ஸஹ >?=ஸஹ -::7

J8IS01J2Q EXP-RPT #=@0

J8IS01J3Q EXP-RPT #=@0
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J8IS01J8Q EXP-RPT #=@0

J8IS01J9Q EXP-RPT #=@0

J8IS01XX1 PROD_CRJ #=@0

�D?3:9ऺ���$#஽ऺ

#Replace the data in the merged_asn.fits file with the new table.
#The Astropy Table format is not the same as the FITS file table
#format, so we must convert the Astropy format to a binary FITS
#table HDU first, then replace the data array in the association
#file with the data array of the newly created table HDU.
#Then close the file to push the changes.
fits_table = fits.table_to_hdu(merged_table)
merged_asn[1].data = fits_table.data
merged_asn.close()

�>ऺ 49ऺ ?30ऺ:?30=ऺ 0C,8;70>யऺ >0? ?: ,9/ऺ .:;Dऺ ?30 ,9/ 60DB:=/>ऺPHOTCORRऺ ऺOMITऺ ऺPHOTFLAMऺ ऺ ऺPHOTMODE
1=:8ऺ?30ऺ.,74-=,?0/ऺ1470>றऺ�>ऺ?34>ऺ4>ऺ�!�ऺ/,?,யऺ?30=0ऺ4>ऺ:97Dऺ:90ऺ>.409.0ऺ0C?09>4:9யऺ,9/ऺ?3@>ऺB0ऺ/:ऺ9:?
900/ऺ?:ऺ@;/,?0ऺ?30ऺ30,/0=>ऺ:1ऺ8@7?4;70ऺ0C?09>4:9>ற

�D?3:9ऺ���$#஽ऺ

#Here we have used a more advanced syntax to compress our FOR
#statement into one line called a list comprehension. However,
#we are simply creating a list of the root names from the merged
#association if they contain the letter "Q" (i.e., they are exposures
#and not products)
rootnames = [x.rstrip().lower() for x in merged_table['MEMNAME'] if 'Q' in x]
for x in rootnames:
    shutil.copy('cal_fits/' + x + '_raw.fits', '.')
    raw_hdu = fits.open(x + '_raw.fits', mode = 'update')
    flt_hdu = fits.open('cal_fits/' + x + '_flt.fits')
    hdr0 = raw_hdu[0].header
    hdr1 = raw_hdu['sci',1].header
    flt_hdr = flt_hdu['sci',1].header
    flt_hdu.close()
    hdr0['PHOTCORR'] = 'OMIT'
    hdr1['PHOTFLAM'] = flt_hdr['PHOTFLAM']
    hdr1['PHOTMODE'] = flt_hdr['PHOTMODE']
#Run calacs on the association
calacs('merged_asn.fits')

#30ऺ ;=:/@.?>ऺ ,=0ऺ 14A0ऺ 48,20>஽ऺ 1:@=ऺ .,74-=,?0/ऺ 48,20>ாऺ ,9/ऺ :90ऺ .:>84.ர=,Dऺ .70,90/ऺflt.fits c ऺ ஫rj.fits
>?,.6ऺ:1ऺ?30ऺ1:@=ऺ 1470>஬றऺflt.fits

#30ऺ.077ऺ-07:Bऺ.70,9>ऺ@;ऺ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dऺ-Dऺ=08:A492ऺ?30ऺ1470>ऺ.=0,?0/ऺ-Dऺ?34>ऺ0C,8;70றऺ�97D
ற=@9ऺ?34>ऺB309ऺD:@ऺ,=0ऺ1494>30/ऺB4?3ऺ?34>ऺ0C,8;70

�D?3:9ऺ���$#஽ऺ

import os, glob
files = glob.glob('j8is01*') + ['merged_asn.fits', 'merged.tra']
for x in files:
    if os.path.exists(x):
        os.remove(x)
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�C,8;70ऺஷ஽ऺ!0;=:.0>>492ऺ�8,20>ऺ#,609ऺ,>ऺ;,=?ऺ:1ऺ,ऺ�4?30=ऺ�,??0=9

#30ऺ1:77:B492ऺ0C,8;70ऺ@>0>ऺ&��ऺ/,?,ऺ1=:8ऺ?30ऺ����"ऺ;=:2=,8ऺ றऺ#30>0ऺ:->0=A,?4:9>ऺ,=0��ऺ;=:2=,8ऺ஼ஷவஸ
1=:8ऺA4>4?ऺஸஷயऺ0C;:>@=0ऺவழ஼ாऺ?30ऺ?,=20?ऺ9,80ऺB,>ऺ஧���ர":@?3ய஧ऺ:->0=A0/ऺB4?3ऺ?30ऺ�ஹளஹ&ऺ147?0=றऺ#30ऺ48,20>
B0=0ऺ ;,=?ऺ :1ऺ ,ऺ வர;:49?ऺ 7490ऺ /4?30=ऺ ;,??0=9ऺB4?3ऺ ,9ऺ 0C;:>@=0ऺ ?480ऺ :1ऺ ஷ஻ளऺ >0.:9/>ऺ 0,.3யऺ B4?3ऺ =::?9,80>ऺ

,9/ றJ8E654C0Qऺ ऺJ8E654C4Q

#34>ऺ0C,8;70ऺ 477@>?=,?0>ऺ ?30ऺ>?0;>ऺ900/0/ऺ?:ऺ=0;=:.0>>ऺ/,?,ऺ ?3,?ऺ,=0ऺ;,=?ऺ:1ऺ,ऺ/4?30=ऺ;,??0=9ऺ@>492ऺ,ऺ9:9ர
/01,@7?ऺ/,=6ऺ=010=09.0ऺ1470ற

�:;Dऺ?30ऺ,>>:.4,?4:9ऺ1470ऺ,9/ऺ48,20>ऺ?:ऺ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dயऺ?309ऺA40Bऺ?30ऺ.:9?09?>ऺ:1ऺ?30
,>>:.4,?4:9ऺ1470றऺ

from astropy.io import fits
from astropy.table import Table
from acstools.calacs import calacs
import shutil
shutil.copy('cal_fits/j8e654010_asn.fits', '.')
shutil.copy('cal_fits/mydark.fits', '.')
asn_hdu = fits.open('j8e654010_asn.fits')
asn_table = Table(asn_hdu[1].data)
asn_hdu.close()
asn_table

�D?3:9ऺ�$#�$#஽

������� ���#(�� ����!"�#

>?=ழஷ >?=ழஷ -::7

J8E654C0Q EXP-RPT #=@0

J8E654C4Q EXP-RPT #=@0

J8E654010 PROD-DTH #=@0

�/4?ऺ?30ऺ27:-,7ऺ48,20ऺ30,/0=ऺ1:=ऺ,77ऺ?30ऺ=,Bऺ48,20>ऺ?:ऺ49>0=?ऺ?30ऺ9,80ऺ:1ऺ?30ऺ90Bऺ/,=6ऺ=010=09.0ऺ1470யऺ
ऺ ஫mydark.fits ,>ऺ49ऺ யऺB0ऺ3,A0ऺ.:;40/ऺ?30ऺ:=4249,7ऺ/,=6ऺ1470ऺ1=:8ऺ?30�C,8;70ऺழ ऺjrefऺ/4=0.?:=Dऺ?:ऺ?30

ற.@==09?ऺB:=6492ऺ/4=0.?:=Dऺ,9/ऺ=09,80/ऺ4?ऺmydark.fits஬
�/4?ऺ?30 ,9/ 60DB:=/>ऺ,>ऺ49ऺ;=0A4:@>ऺ0C,8;70>றऺ யऺ யPHOTCORR PHOTFLAM ऺ ऺPHOTMODEऺ
"49.0 /:0>ऺ9:?ऺ3,A0ऺ,ऺ.:@9?0=;,=?ऺ�#�ர.:==0.?0/ऺ/,=6ऺ=010=09.0ऺ1470யऺ>0? ?:ऺmydark.fitsऺ ऺPCTECORRऺ
���#ऺ>:ऺ?3,?ऺ�#�ர.:==0.?0/ऺ48,20>ऺ,=0ऺ9:?ऺ2090=,?0/றऺ

#Get the rootnames of the exposures directly from the association
#table and copy the raw files from the cal_fits/ directory to the
#current working directory
raw_files = [asn_table['MEMNAME'][0].rstrip().lower(),
                         asn_table['MEMNAME'][1].rstrip().lower()]

for x in raw_files:
        shutil.copy('cal_fits/' + x + '_raw.fits', '.')
        #Get the raw and FLT image headers
        hdu_raw = fits.open(x + '_raw.fits', mode = 'update')
        hdu_flt = fits.open('cal_fits/' + x + '_flt.fits')
        hdr0, hdr1, hdr4 = hdu_raw[0].header, hdu_raw['sci',1].header, hdu_raw['sci',2].header
        hdr_flt = hdu_flt['sci',1].header
        hdu_flt.close()
        #Grab the photometry keywords from the FLT header
        photmode, photflam = hdr_flt['PHOTMODE'], hdr_flt['PHOTFLAM']

https://www.stsci.edu/cgi-bin/get-proposal-info?id=9425&observatory=HST
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        #Set all of the necessary keywords in the raw FITS file
        hdr0['DARKFILE'] = 'mydark.fits'
        hdr0['PHOTCORR'] = 'OMIT'
        hdr0['PCTECORR'] = 'OMIT'
        hdr1['PHOTMODE'] = photmode
        hdr1['PHOTFLAM'] = photflam
        hdr4['PHOTMODE'] = photmode
        hdr4['PHOTFLAM'] = photflam
        #Close the raw FITS file to push the changes to the header
        hdu_raw.close()
#Run calacs on the association file
calacs('j8e654010_asn.fits')

#30ऺ =0>@7?ऺ:1ऺ ?34>ऺ =@9ऺB477ऺ-0ऺ ?B:ऺ.,74-=,?0/ऺ 48,20>யऺ:90ऺ 1:=ऺ0,.3ऺ0C;:>@=0ऺ 49ऺ ?30ऺ,>>:.4,?4:9றऺ#34>ऺ.,7,.>
?480யऺ?30=0ऺB477ऺ:97Dऺ-0ऺ 1470>யऺ9:?ऺ�#�ர.:==0.?0/ऺ 1470>யऺ,>ऺB0ऺ3,A0ऺ>0?ऺ ?:ऺ���#றऺflt.fits flc.fits ऺPCTECORR
#30>0ऺ1470>ऺ.,9ऺ?309ऺ-0ऺ@>0/ऺ49ऺ ?:ऺ.=0,?0ऺ,ऺ/=4EE70/ऺ48,20றऺ�>?=:�=4EE70

#30ऺ.077ऺ-07:Bऺ.70,9>ऺ@;ऺ?30ऺ.@==09?ऺB:=6492ऺ/4=0.?:=Dऺ-Dऺ=08:A492ऺ?30ऺ1470>ऺ.=0,?0/ऺ-Dऺ?34>ऺ0C,8;70றऺ�97D
ற=@9ऺ?34>ऺB309ऺD:@ऺ,=0ऺ1494>30/ऺB4?3ऺ?34>ऺ0C,8;70

�D?3:9ऺ���$#஽

import os, glob
files = glob.glob('j8e654*') + ['mydark.fits']
for x in files:
        if os.path.exists(x):
                os.remove(x)        

�C,8;70ऺஸ஽ऺ�#�ऺ�:==0.?4:9ऺ�9ऺ"@-ர,==,Dऺ�8,20>

#30ऺ��"ऺ�9>?=@809?ऺ#0,8ऺ48;70809?0/ऺ90Bऺ17423?ऺ>:1?B,=0ऺ49ऺ�D.70ऺவஷऺ?3,?ऺ.3,920/ऺ?30ऺB,Dऺ���ऺ>@-ர,==,D
48,20>ऺ ,=0ऺ =0,/ऺ:@?றऺ #34>ऺ .3,920ऺ8,60>ऺ 4?ऺ ;:>>4-70ऺ ?:ऺ ,;;7Dऺ ?30ऺ;4C07ऺ -,>0/ऺ�#�ऺ .:==0.?4:9ऺ ?:ऺ >@-ர,==,D
48,20>றऺ�0=0ऺB0ऺ477@>?=,?0ऺ?30ऺ>?0;>ऺ90.0>>,=Dऺ?:ऺ48;70809?ऺ?30ऺ.:==0.?4:9ऺ49ऺ;:>?ऺ;=:.0>>492ற

#30ऺ.:==0.?4:9ऺ4>ऺ48;70809?0/ऺ-Dऺ@>492ऺ,ऺ?::7ऺB4?349ऺ?30 ;D?3:9ऺ;,.6,20ऺ.,770/ றऺ,.>?::7>ऺ ऺ,.>ே/0>?=4;0ே;7@>
#34>ऺ?::7ऺ4>ऺ@>01@7ऺ1:=ऺB309ऺ-@47?ர49 /0ர>?=4;492ऺ,72:=4?38ऺ@>492ऺ:A0=>.,9>ऺ4>ऺ49>@114.409?ऺ:=ऺ@9,A,47,-70றऺ.,7,.>ऺ
#30ऺ@>0ऺ:1ऺ?34>ऺ?::7ऺ?:ऺ,;;7Dऺ�#�ऺ.:==0.?4:9ऺ4>ऺ7484?0/ऺ?:ऺ?30ऺ1:77:B492ऺ.,>0>஽

�77ऺவ�ऺ>@-ர,==,D>ऺ?,609ऺ,1?0=ऺ"�ஷற
"8,770=ऺ>@-ர,==,D>ऺ?,609ऺ,1?0=ऺ�.?:-0=ऺவளழஹற

�:=ऺ?34>ऺ0C,8;70ऺB0ऺB477ऺ@>0ऺ?30ऺ:->0=A,?4:9ऺ:1ऺ?30ऺஷ஺ऺ#@.ऺ.,74-=,?4:9ऺ1407/ऺB4?3ऺ=::?9,80ऺ யऺB34.3JD5702JPQ
B0ऺ3,A0ऺ.:;40/ऺ?:ऺ,ऺ1470ऺ.,770/ 49ऺ?30ऺ1:77:B492ऺ0C,8;70றऺ#30>0ऺ/,?,ऺB0=0ऺ?,609ऺ@>492ऺ?30ऺ&��ழ�ரऺ14709,80ற14?>ऺ
ழ�ऺ,;0=?@=0றऺ#34>ऺ4>ऺ,ऺழளவஷऺ வளஷ஻ऺ;4Cऺ>@-ர,==,DறCऺ

$;/,?0ऺ?30ऺ 48,20ऺ30,/0=ऺ?:ऺ?@=9ऺ:9ऺ?30ऺ��#���!!ऺ>B4?.3ऺ,9/ऺ@;/,?0ऺ=010=09.0ऺ1470ऺ 491:=8,?4:9ऺ,>
90.0>>,=Dற

��#���!!ऺீऺ஧��!��!�஧
��#�#��ऺீऺ஧5=01�ழ஼4ழஹஶவஶ5ே.?0ற14?>஧
�!������ऺீऺ஧5=01�9,80ே:1ே,;;=:;=4,?0ே/,=6ே1470ே/6.ற14?>஧
ऺ
(:@ऺ.,9ऺ/:ऺ?34>ऺB4?3ऺ>:80ऺ;D?3:9ऺ.:88,9/>஽
�D?3:9ऺ���$#ऺ஽ऺ

from astropy.io import fits
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with fits.open('filename.fits',mode='update') as hdu:
        hdu[0].header['PCTECORR'] = 'PERFORM'
        hdu[0].header['PCTETAB'] = 'jref$19i16323j_cte.fits'
        hdu[0].header['DRKCFILE'] = 'jref$19j14351j_dkc.fits'
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�49,77Dயऺ?:ऺ=@9ऺ?30ऺ.:==0.?4:9ऺ=@9ऺ?30ऺ1:77:B492ऺ.:88,9/>ऺ49ऺ;D?3:9஽
�D?3:9ऺ���$#஽ऺ

from acstools import acs_destripe_plus
 
acs_destripe_plus.destripe_plus('jd5702jpq_raw.fits',cte_correct=True)
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from stwcs import updatewcs
 
updatewcs.updatewcs('*flc.fits')
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ளறஸऺऺऺऺऺऺऺऺऺழறளऺऺऺऺऺऺऺऺऺழறஷऺऺऺऺऺऺऺऺऺऺவறள,

!���ऺ���"�ऺ஫0ௌ஬

ளறஸऺऺऺऺऺऺऺऺऺழறளऺऺऺऺऺऺऺऺऺழறஷऺऺऺऺऺऺऺऺऺऺவறள,

&��ழ � ளறஸஶ ழறளஶ ழறஷஸ வறளவள ஶற஼வ ஷறளஸ ஷறவ஻ ஷறஶஸ

&��ழ � ளறஸள ளற஼ஹ ழறஶஹ ழற஻஻ஹ ஶறவஷ ஶறஶஹ ஶறஹழ ஶற஺ஸ

&��வ � ளறஸஶ ழறளஶ ழறஷஸ வறளழ஺ ஶறஸஷ ஶறஹ஼ ஶற஼ஸ ஷறளஸ

&��வ � ளறஸஶ ழறளவ ழறஷஸ வறளழழ ஶறஶழ- ஶறஷஶ- ஶற஺ழ- ஸறஹஸ.

,ऺ�01,@7?ऺ�,49ற

-ऺ�,Dऺ9:?ऺ-0ऺA,74/ऺ,1?0=ऺ�@7Dऺவஷயऺவளவளற

.ऺ%,74/ऺ,1?0=ऺ�@7Dऺவஷயऺவளவளற
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ऺऺऺऺழऺऺऺऺऺऺऺऺऺऺऺவ ऺऺऺऺऺऺऺऺऺऺऺऺऺஷ,

!���ऺ���"�ऺ஫0ௌ஬

ऺऺழऺऺऺऺऺऺऺऺऺऺவ ऺऺऺऺऺऺऺऺऺऺऺஷऺ,

&��ழ � ழறளளள வறளளவ ஷறளழ ஸறஸ஺ ஸற஻ஷ ்

&��ழ � ளற஼஺வ ழற஼ஷஸ ஶற஼ள ஷற஺ள ஷற஼஻ ்
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&��ழ � ளற஼஺வ ழற஼ஷஸ ஶற஼ள ஷற஺ள ஷற஼஻ ்

&��வ � ழறளழழ வறளவ஻ ஷறள஺ ஸறழ஻ ஸறஶஸ ்

&��வ � ழறளழ஻ ழற஼஼ஷ ஷறளள ஷற஻ள ஸறவ஺ ்

�!� � ழறழஹஶ வறவழஹ ஷறவஶஸ ஷறஷஹ ஷற஻ள ஸற஻ஹ
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!���ऺ���"�ऺ஫0ௌ஬

ழऺऺऺऺऺऺऺऺऺऺவ ஷऺऺऺऺऺऺऺऺऺऺऺऺऺ,

&��ழ � ழறளளள வறளளவ ஷறளழ ஸறவ஼ ஸறஹவ ்

&��ழ � ளற஼஺வ ழற஼ஷஸ ஶற஼ள ஷறஷஸ ஷற஺ஷ ்

&��வ � ழறளழழ வறளவ஻ ஷறள஺ ஸறளஶ ஸறஶஷ ்

&��வ � ழறளழ஻ ழற஼஼ஷ ஷறளள ஷறஸஸ ஷற஻஼ ்

�!� � ழறழஹஶ வறவழஹ ஷறவஶஸ ஷறஶஹ ஷற஻வ ஸறஷஷ
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 Figure 4.2: Calibrated WFC1 Image Showing the Quadrant-to-quadrant Jump
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 Figure 4.3: Bias Gradients Seen Within Each Image Quadrant in the WFC Superbias (In Units of Counts)
after SM4
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Figure 4.4: A side-by-side comparison of the same image section in a single Bias (left) and a de-striping-
uncorrected Superbias (right), from late August 2009

The linear stretch is identical, and is equivalent to ±3  of the single bias. The local pixel-to-pixel noise (including both
read noise and striping noise) of the superbias, which comprises 16 biases (including the one shown on the left) is a
factor of ~3.6 times lower than the noise level of the single bias.
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Characterization of the Low-level 1/  Noise from WFC Bias FramesFigure 4.5: f
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Bias Jump in the WFC1 Quadrant B OnlyFigure 4.6: 

The vertical stripes in the data are hot columns and are unrelated to bias.

ஷறவறஶ �4,>ऺ"@-,==,D>ऺ1:=ऺ&��ऺ,9/ऺ�!�ऺ
�01:=0ऺ"�ஷயऺ?30ऺ>@;0=-4,>ऺ=010=09.0ऺ1=,80>ऺ1:=ऺ>.409.0ऺ48,20>ऺ:-?,490/ऺB4?3ऺ&��ऺ,9/ऺ�!�ऺ>@-,==,Dऺ
=0,/:@?ऺ8:/0>ऺB0=0ऺ>48;7Dऺ0C?=,.?0/ऺ1=:8ऺ?30ऺ,;;=:;=4,?0ऺ7:.,?4:9>ऺ:1ऺ?30ऺ1@77ர1=,80ऺ>@;0=-4,>ऺ=010=09.0ऺ
48,20>யऺ;=:A4/0/ऺ?30ऺ>@-,==,D>ऺ/4/ऺ9:?ऺ.=:>>ऺ<@,/=,9?ऺ-:@9/,=40>றऺ#0>?>ऺ>3:B0/ऺ?3,?ऺ>@-,==,Dऺ>.409.0ऺ
48,20>ऺ?3,?ऺB0=0ऺ.,74-=,?0/ऺB4?3ऺ?30ऺ=070A,9?ऺ0C?=,.?0/ऺ=024:9>ऺ1=:8ऺ,ऺ1@77ர1=,80ऺ>@;0=-4,>ऺB0=0ऺ5@>?ऺ,>ऺ
2::/ऺ,>ऺ?3:>0ऺ.,74-=,?0/ऺ@>492ऺ>@;0=-4,>0>ऺB4?3ऺ?30ऺ>,80ऺ>@-,==,Dऺ=0,/:@?ऺ;,??0=9>றऺ$>0=>ऺB0=0ऺ,/A4>0/ऺ
9:?ऺ?:ऺ@>0ऺ>@-,==,D>ऺ?3,?ऺ>;,990/ऺ,8;74140=ऺ<@,/=,9?>ऺ-0.,@>0ऺ/:492ऺ>:ऺ=0<@4=0/ऺ?30ऺ;=:.@=0809?ऺ:1ऺ>49270ऺ
,8;74140=ऺ>@-,==,Dऺ-4,>ऺ48,20>ऺ,?ऺ?30ऺ0C;09>0ऺ:1ऺ?30ऺ@>0=>பऺ:->0=A492ऺ?480ற

$91:=?@9,?07Dயऺ?34>ऺ.:9A09409?ऺ@>0ऺ:1ऺ1@77ர1=,80ऺ>@;0=-4,>0>ऺ-0.,80ऺ@9>@4?,-70ऺ1:=ऺ;:>?ர"�ஷऺ>@-,==,Dऺ
>.409.0ऺ48,20>ऺ-0.,@>0ऺ?30ऺ?B:ர/4809>4:9,7ऺ-4,>ऺ2=,/409?>ऺ48;:>0/ऺ-Dऺ?30ऺ�"�ऺ஫>00 ஬ऺ,=0ऺऺ"0.?4:9ऺஷறவறழ
/0;09/09?ऺ:9ऺ?30ऺ?48492ऺ;,??0=9>ऺ@>0/ऺ?:ऺ=0,/ऺ:@?ऺ?30ऺ���றऺ#30ऺ-4,>ऺ2=,/409?>ऺ>009ऺ49ऺ?30ऺ>?,9/,=/ऺஸழவऺ௔ऺ
ஸழவऺ,9/ऺழளவஷऺ௔ ழளவஷऺ>@-,==,Dऺ48,20>ऺ,=0ऺ>429414.,9?7Dऺ/4110=09?ऺ1=:8ऺ?30ऺ2=,/409?>ऺ>009ऺ49ऺ?30ऺ1@77ர<@,/=,9?ऺऺ
,9/ऺ1@77ர1=,80ऺ=0,/:@?ऺ8:/0>ற

�:=ऺ?30ऺ;:>?ர"�ஷऺ�D.70>ऺழ஺்வஶயऺ>@-,==,Dऺ-4,>ऺ=010=09.0ऺ48,20>ऺ3,A0ऺ-009ऺ:-?,490/ऺ/0;09/492ऺ:9ऺ?30ऺ
9@8-0=ऺ,9/ऺ9,?@=0ऺ:1ऺ?30ऺ>.409.0ऺ;=:2=,8>ऺ?3,?ऺ@>0ऺ>@-,==,D>ऺ/@=492ऺ,9Dऺ24A09ऺ.D.70஽

�:=ऺ��ऺ;=:2=,8>ऺ஫B4?3ऺB077ர/01490/ऺ>.30/@7492ऺB49/:B>஬ऺ?30ऺ>@-,==,Dऺ-4,>ऺ=010=09.0ऺ1=,80>ऺ,=0ऺ



100

�:=ऺ��ऺ;=:2=,8>ऺ஫B4?3ऺB077ர/01490/ऺ>.30/@7492ऺB49/:B>஬ऺ?30ऺ>@-,==,Dऺ-4,>ऺ=010=09.0ऺ1=,80>ऺ,=0ऺ
49>0=?0/ऺ/4=0.?7Dऺ49?:ऺ?30ऺ��ऺ;=:;:>,7ऺ,9/ऺ74960/ऺ?:ऺ?30ऺ>.409.0ऺA4>4?>ऺ>:ऺ?3,?ऺ?30Dऺ,=0ऺ:-?,490/ऺB4?349ऺ
?B:ऺB006>ऺ:1ऺ?30ऺ>.409.0ऺ0C;:>@=0>ற
�:=ऺ"���ऺ;=:2=,8>ऺ஫B4?3ऺ9:ऺ>.30/@7492ऺB49/:B>஬ऺ>@-,==,Dऺ>@;0=-4,>0>ऺ,=0ऺ.=0,?0/ऺ,?ऺ-4ரB0067Dऺ
49?0=A,7>யऺ,>ऺ4>ऺ/:90ऺ1:=ऺ?30ऺ1@77ऺ1=,80ऺ-4,>0>ऺ49ऺ?30ऺ�,47Dऺ�:94?:=ऺ.,74-=,?4:9ऺ;=:2=,8ற
$>0=ர/01490/ऺ>@-,==,D>ऺ,=0ऺ9:ऺ7:920=ऺ>@;;:=?0/ற

�9ऺ�,Dऺவளழஹயऺ;,=?B,Dऺ?3=:@23 �D.70ऺவஶயऺ?30ऺ��"ऺ17423?ऺ>:1?B,=0ऺB,>ऺ.3,920/ऺ?:ऺ49?=:/@.0ऺ,ऺ90Bऺ>0?ऺ:1ऺऺ�"#ऺ
&��ऺ>@-,==,Dऺ8:/0>ऺ?3,?ऺ8,60ऺ:->:70?0ऺ?30ऺ8:/0>ऺ@>0/ऺ/@=492ऺ;:>?ர"�ஷऺ�D.70>ऺழ஺்வஶऺ஫ ஬றऺ��"ऺ�"!ऺவளழ஺ரளஶ
#30>0ऺ>@-,==,Dऺ8:/0>ऺB0=0ऺ/0>4290/ऺ?:ऺ3,A0ऺ4/09?4.,7ऺ=0,/:@?ऺ?48492ऺ;,??0=9ऺ,>ऺ?30ऺ&��ऺ1@77ர1=,80ऺ8:/0யऺ
0C.0;?ऺB4?3ऺ=0,/:@?ऺ1=:8ऺ:97Dऺ:90ऺ,8;74140=ऺ஫,7B,D>ऺவளஷ஻ऺ.:7@89>ऺ;7@>ऺ;=0ர>.,9஬ऺ,9/ऺ;:?09?4,77DऺB4?3ऺ10B0=ऺ
=:B>ऺ஫ஸழவऺ:=ऺழளவஷऺ=:B>ாऺவளஷ஻ர=:Bऺ>@-,==,Dऺ,7>:ऺ,A,47,-70஬றऺ�9ர:=-4?ऺ?0>?>ऺ49ऺ�:A08-0=ऺவளழஸऺ49/4.,?0/ऺ?3,?ऺ
?30>0ऺ=0A4>0/ऺ>@-,==,Dऺ8:/0>ऺ>@..0>>1@77Dऺ=0;=:/@.0ऺ?30ऺ1@77ர1=,80ऺ-4,>ऺ2=,/409?ऺ>?=@.?@=0றऺ"@;0=-4,>
ऺ=010=09.0ऺ1470>ऺ1:=ऺ?30>0ऺ>@-,==,Dऺ8:/0>ऺ,=0ऺ0C?=,.?0/ऺ1=:8ऺ?30ऺ,;;=:;=4,?0ऺ7:.,?4:9>ऺ:1ऺ?30ऺ1@77ர1=,80ऺ-4,>ऺ

�9ऺ494?4,7யऺ;0/0>?,7ர7460ऺ:11>0?ऺB,>ऺ1:@9/ऺ49ऺ?30ऺ90Bய ர;=:.0>>0/ऺ>@-,==,Dऺ=010=09.0ऺ1470>ऺ:9.0ऺ,2,49றऺ ऺ.,7,.>
48,20>ऺ-0?B009ऺ,8;74140=>ऺ�ऺ,9/ऺ�ऺ,9/ऺ,8;74140=>ऺ�ऺ,9/ऺ�றऺ#30ऺ:11>0?ऺB,>ऺ/@0ऺ?:ऺ,9ऺ49.:==0.?ऺ8,;;492ऺ:1ऺ
?30ऺ:A0=>.,9ऺ=024:9>ऺ49ऺ?30ऺ�"��#��ऺ=010=09.0ऺ.,74-=,?4:9ऺ1470ऺ1:=ऺ,8;74140=>ऺ�ऺ,9/ऺ�றऺ�9ऺ@;/,?0/ऺA0=>4:9ऺ:1ऺ
?30ऺ�"��#��ऺ=010=09.0ऺ1470ऺB,>ऺ=070,>0/ऺ49ऺ�0-=@,=Dऺவளழ஺ऺ?:ऺ=08:A0ऺ?30ऺ;0/0>?,7ர7460ऺ:11>0?ऺ஫��"ऺ�"!ऺவளழ஺ரளஹ
஬ற

#30 4>ऺ/0>4290/ऺ?:ऺ;0=1:=8ऺ-4,>ऺ>@-?=,.?4:9ऺ:1ऺ-:?3ऺ;=0ர"�ஷऺ,9/ऺ;:>?ர"�ஷऺ&��ऺ>@-,==,Dऺऺ.,7,.>ऺ;4;07490ऺ
48,20>ாऺ9:ऺ>;0.4,7ऺ/4=0.?4:9>ऺ1:=ऺ?30ऺ.,74-=,?4:9ऺ;4;07490ऺ,=0ऺ900/0/றऺ#30ऺ;4;07490ऺ494?4,77Dऺ;0=1:=8>ऺ,ऺ>0,=.3ऺ
1:=ऺ.:9?08;:=,=Dऺ>@;0=-4,>ऺ48,20>ऺB4?3ऺ?30ऺ,;;=:;=4,?0ऺ>@-,==,Dऺ/4809>4:9>ऺ,9/யऺ41ऺ@9>@..0>>1@7யऺ=0A0=?>ऺ
?:ऺ?30ऺ;=0ர"�ஷऺ;=:.0/@=0ऺ:1ऺ0C?=,.?492ऺ?30ऺ.:==0>;:9/492ऺ=024:9ऺ1=:8ऺ,ऺ.:9?08;:=,=Dऺ1@77ऺ1=,80ऺ>@;0=-4,>ற

ஷறஶऺ�,=6ऺ�@==09?யऺ�:?ऺ�4C07>யऺ,9/ऺ�:>84.ऺ!,D>

https://ui.adsabs.harvard.edu/abs/2017acs..rept....3G/abstract
https://ui.adsabs.harvard.edu/abs/2017acs..rept....6B/abstract


101

ஷறஶऺ�,=6ऺ�@==09?யऺ�:?ऺ�4C07>யऺ,9/ऺ�:>84.ऺ!,D>

ஷறஶறழऺ�,=6ऺ�@==09?
ஷறஶறவऺ�:?ऺ�4C07>
ஷறஶறஶऺ�4C07ऺ"?,-474?D
ஷறஶறஷऺ"496ऺ�4C07>
ஷறஶறஸऺ�:>84.ऺ!,D>

ஷறஶறழ �,=6ऺ�@==09?ऺ
#30ऺ;=:.0/@=0ऺ1:=ऺ.=0,?492ऺ��"ऺ>@;0=/,=6ऺ=010=09.0ऺ1470>ऺ,9/ऺ,;;7D492ऺ/,=6ऺ>@-?=,.?4:9ऺ?:ऺ>.409.0ऺ/,?,ऺ4>ऺ
/0>.=4-0/ऺ49ऺ/0?,47ऺ49ऺ?30ऺ ऺ;:=?4:9ऺ:1 றऺ�0.,@>0ऺ4?ऺ?,60>ऺ,=:@9/ऺ:90ऺ8:9?3ऺ?:ऺ.:770.?ऺ/:�,=6 ऺ"0.?4:9ऺஶறஷறஷ
09:@23ऺ1=,80>ऺ?:ऺ.=0,?0ऺ?30ऺ/,=6ऺ=010=09.0ऺ1470>யऺ?30ऺ஧-0>?஧ऺ>@;0=/,=6ऺ=010=09.0ऺ1470ऺ4>ऺ?D;4.,77Dऺ9:?ऺ,A,47,-70ऺ
49ऺ?30ऺ;4;07490ऺ1:=ऺ>0A0=,7ऺB006>ऺ,1?0=ऺ?30ऺ/,?0ऺ:1ऺ:->0=A,?4:9றऺ$>0=>ऺ8,DऺA0=41DऺB30?30=ऺ?30ऺ/,=6ऺ=010=09.0ऺ
1470ऺ8:>?ऺ,;;=:;=4,?0ऺ?:ऺ?304=ऺ:->0=A,?4:9>ऺ3,>ऺ-009ऺ/074A0=0/ऺ1:=ऺ;4;07490ऺ@>0ऺ-Dऺ.30.6492ऺ?30ऺ�"#ऺ

ற�,74-=,?4:9ऺ!010=09.0ऺ�,?,ऺ"D>?08ऺ஫�!�"஬ऺB0-;,20

$>492ऺ,9ऺ:7/ऺ>@;0=/,=6ऺ=010=09.0ऺ1470ऺB477ऺ;=:/@.0ऺ,ऺ;::=ऺ/,=6ऺ.:==0.?4:9யऺ04?30=ऺ70,A492ऺ?::ऺ8,9Dऺ3:?ऺ:=ऺ
@9>?,-70ऺ;4C07>ऺ@9.:==0.?0/ऺ,9/ऺ@917,220/யऺ:=ऺ.=0,?492ऺ8,9Dऺ902,?4A0ऺ஧3:70>஧ऺ.,@>0/ऺ-Dऺ?30ऺ.:==0.?4:9ऺ:1ऺ
3:?ऺ;4C07>ऺB34.3ऺB0=0ऺ9:?ऺ,.?@,77Dऺ3:?ऺ49ऺ?30ऺ>.409.0ऺ/,?,ऺ஫4ற0றயऺ41ऺ?30ऺ/0?0.?:=>ऺB0=0ऺ,990,70/ऺ49ऺ?30ऺ49?0=48஬ற

&��ऺ,9/ऺ�!�

#30ऺ/,=6ऺ.@==09?ऺ4>ऺ9:?ऺ.:9>?,9?ऺ,.=:>>ऺ?30ऺ���>ற >3:B>ऺ/,=6ऺ.@==09?ऺ10,?@=0>ऺ49ऺ?30ऺ&��ழऺ஫,-:A0஬ऺऺ�42@=0ऺஷற஺ऺ
,9/ऺ&��வऺ஫-07:B஬ऺ.34;>றऺ#30>0ऺ10,?@=0>ऺB0=0ऺ:->0=A0/ऺ49ऺ;=0ர17423?ऺ?0>?>யऺ,9/ऺ3,A0ऺ2090=,77Dऺ=08,490/ऺ
>?,-70ऺ49ऺ:=-4?ற

#30=0ऺ4>ऺ,ऺ2=,/409?யऺ8:>?ऺ9:?4.0,-70ऺ:9ऺ?30ऺ&��ழऺ.34;யऺ2:492ऺ1=:8ऺ,ऺ/,=6ऺ0/20ऺ49ऺ?30ऺ,8;74140=ऺ�ऺ<@,/=,9?ऺ
஫@;;0=ऺ701?஬ऺ?:ऺ,ऺ-=423?ऺ.:=90=ऺ49ऺ?30ऺ,8;74140=ऺ�ऺ<@,/=,9?ऺ஫@;;0=ऺ=423?஬றऺ#30=0ऺ,=0ऺ?B:ऺ3:=4E:9?,7ऺ-=423?ऺ
-,9/>ऺ:1ऺ070A,?0/ऺ/,=6ऺ.@==09?ऺ49ऺ?30ऺ.09?0=ऺ:1ऺ?30ऺ&��வऺ.34;றऺ�,9Dऺ1,49?ऺ=492>ऺ,=0ऺ,7>:ऺA4>4-70யऺ,77ऺ.:9.09?=4.ऺ
B4?3ऺ?30ऺ.09?0=ऺ:1ऺ-:?3ऺ.34;>றऺ#30>0ऺ10,?@=0>ऺ,=0ऺ74607Dऺ49?=49>4.ऺ?:ऺ?30ऺ.34;>ऺ?308>07A0>யऺ,=?41,.?>ऺ08-0//0/ऺ
49ऺ஫:=ऺ:9஬ऺ?30ऺ>474.:9ऺ/@=492ऺA,=4:@>ऺ>?,20>ऺ:1ऺ?30ऺ���ऺ8,9@1,.?@=492ऺ;=:.0>>றऺ

https://hst-docs.stsci.edu/display/ACSDHB/3.4+calacs+Processing+Steps%23id-3.4calacsProcessingSteps-3.4.4
https://hst-crds.stsci.edu
https://hst-crds.stsci.edu


102

Figure 4.7: High S/N Combination of WFC Dark Frames Illustrating Dark Current Structure
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 Figure 4.8: ACS/WFC Dark Current Histograms

Distribution of dark current in WFC detector pixels over time as measured from normal (top) and CTE-corrected
(bottom) superdark images. Over time, the distribution shifts to the right as the global dark current increases. The tail
towards higher dark current values also increases in amplitude as the number of hot and warm pixels increases with
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(bottom) superdark images. Over time, the distribution shifts to the right as the global dark current increases. The tail
towards higher dark current values also increases in amplitude as the number of hot and warm pixels increases with
time. The introduction of post-flash in the dark images in 2015 changed the shape of the distribution slightly, and
allowed for a more accurate correction of CTE losses. While the shapes of the normal (top) and CTE-corrected (bottom)
distributions are slightly different, the global dark current rates are similar.
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Figure 4.9: HRC Dark Current Histogram

Data from the first (March 2002) and the last (January 2007) superdarks are shown. Dark current and hot pixels
increased over time, as expected. Unlike , HRC was not affected by the temperature change in WFC.Figure 4.8
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Figure 4.10: SBC Dark Rate and Operating Temperature 

Top panel shows the dark rates vs. temperature measured from all dark rate monitoring programs. The bottom panel
shows how the temperature changed from the time the instrument was turned on until the end of the observations.
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 Figure 4.11: Hot Pixel Growth Rate for HRC and WFC

These figures show hot pixel growth rates (DQ flag 16) in the WFC and HRC. Top plot: The sawtooth patterns
correspond to anneal cycles. For HRC, the growth rate increased slightly when the anneal duration was reduced from
12 hours to 6 hours–a slight drop coincided with the switch to Side 2 electronics. Bottom plot: The populations of warm,
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correspond to anneal cycles. For HRC, the growth rate increased slightly when the anneal duration was reduced from
12 hours to 6 hours–a slight drop coincided with the switch to Side 2 electronics. Bottom plot: The populations of warm,
hot, and unstable pixels in the WFC CCDs over their operational lifetime as measured from the monthly CTE-corrected
superdarks. The sudden decrease in stable hot pixels in mid-2006 is attributed to the temperature change from -77 ºC to
-81 ºC, which coincides with the switch to the Side 2 electronics. The small increase in stable hot pixels in early-2015 is
the result of better CTE loss correction due to post-flashing dark images. The population of unstable pixels remains
relatively steady over the history of ACS.
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Figure 4.12: ACS Pixel History

Examples of the four classifications of pixel stability in plots of dark current over the lifetime of ACS. Top panel: A
pixel whose high average dark current (in electrons) which varies strongly between exposures, now identified as a hot,
unstable pixel. Top middle panel: An unstable pixel with normal average dark current, now identified as a cold,
unstable pixel. Bottom middle panel: A hot pixel which varies very little between exposures, now identified as a hot,
stable pixel. Bottom panel: A cold, stable pixel. Vertical lines are anneal boundaries. The gap in the center is when ACS
was inoperable due to electronics failure. 
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Figure 4.13: Density plot of mean pixel intensity versus stability for the Nov 18, 2015 Anneal

Vertical green line is the hot pixel threshold. Horizontal blue line is a stability of 1. Dotted green line is the stability
threshold, everything above will be marked unstable. Note: the axes and colormap are in log space. Mean pixel value is
in total electrons in a 1000.5 second dark and includes flash. 
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Figure 4.14: Flash-subtracted Short Dark

A 100 × 100 pixel region in the flash-subtracted short dark for the 2016-09-25 anneal cycle centered on a deep sink 2

pixel with a trail extending towards the top of the image. Trails are visible following some of the other SPs, but many
appear to be individual pixels.
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Figure 4.15: Electron deposition by cosmic rays normalized by the number of counts in the peak bin.

A minimum deposition of ~500 e¯ is seen corresponding to cosmic rays with normal incidence. The median deposition is
~1000 e¯. Top plot shows cosmic ray deposition for HRC, bottom plot shows WFC.
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Distribution of the Number of Pixels Associated with a Single Cosmic Ray Event for the HRCFigure 4.16: 
(top) and WFC (bottom)

Some bias exists for events > 6 pixels, which may be composed of two events with chance superposition. This
distribution does not account for possible charge trails left by the CTE deterioration of WFC.
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Figure 4.17: WFC Low Frequency (L-flat) Flat-Field Corrections Required for the Laboratory Data.

While the pixel-to-pixel (P-flat) structure of the laboratory flats is robust, a low frequency correction is required to
achieve uniform detector response. This correction ranges from ±5% for the F555W filter to ±9% for the F850LP filter.
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Figure 4.18: HRC Low Frequency (L-flat) Flat-Field Corrections Required for the Laboratory Flats

This correction ranges from ±3% for the F555W filter to ±6% for the F850LP filter.
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Figure 4.19: SBC Low Frequency (L-flat) Flat-Field Corrections Required for the In-flight Deuterium Lamp
Data
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WFC Flat FieldsFigure 4.20: 
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HRC Flat FieldsFigure 4.21: 
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SBC Flat FieldsFigure 4.22: 
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1.  

2.  
3.  

4.  

 Figure 4.23: Optical Ghosts, Diffraction Spikes, and Blooming

This image was obtained during ground calibration at Ball Aerospace using a HeNe laser (633 nm) through F625W ( 
). There are nine highly saturated point sources in and just off of the field of view. Note the diffractionHartig et al. 2003

spikes along the  and  axes of the WFC, and the severe blooming of the charge along the -axis. Several optical ghostsX Y Y
with different origins and intensities are visible:

WFC elliptical haloes show up in the lower left as pairs of elliptical annuli aligned along the negative diagonal of
the FOV;
large annular ghosts are seen near their parent images;
 to the lower right, there exist smaller fainter annular ghosts which tend to be displaced radially from the parent
image by a small amount;
"Dragon's Breath" is a shower of scattered light from a very bright star that is just off the edge of the CCD. This
rare anomaly occurs when a star falls at the edge of the mask in front of the chip; the starlight reflects off the
CCD, then off the mask, and back to the detector.

https://ui.adsabs.harvard.edu/abs/2003SPIE.4854..532H/abstract


132

 Figure 4.24: F660N Optical Ghosts

This 700 second F660N exposure illustrates the F660N ghosts, namely pairs of relatively bright circular annuli stationed
near to (but radially outward from) the target image. These haloes contain ~2% of the detected target energy and are
always about 10 and 20 pixels in diameter.
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 Figure 4.25: Glint

Thin rays of light extending from the chip gap are sometimes caused by the reflection of light from a star that falls close
to the inter-chip gap. See  and  for more on glints from stars on edges of the ACS/WFCHartig (2002) HLA ISR 2008-01
chip gap.
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Figure 4.26: Cross-talk in Pre-SM4 ACS Image of NGC 4710

This image (from program ID 10594, image , GAIN = 2) shows the galaxy in quadrants C and D. Its cross-j9ew02wlq
talk ghosts, seen as dark oval shapes in quadrants A and B, are due to low signal offending sources of ~100 e¯ to 1000 e¯
in the area of the reddish rim of the galaxy. Also the ghosts of three largest galaxies in quadrant B are easily identifiable
in quadrant A. The image in quadrants A and B is stretched within a narrow signal range centered at the sky
background level, which makes the ghosts distinctly stand out against the background.
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 Figure 4.27: Post-SM4 Image of NGC 6217

The image shows NGC6217 centered in quadrant A, obtained with GAIN = 2 (program ID 11371, frame ).ja7z03unq
The images in quadrants B, C, and D are stretched similarly to that in quadrants A and B in . No ghostsFigure 4.26
from low signal areas in quadrant A are seen in the other three quadrants.
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CTE TrailsFigure 4.28: 

A section (800 × 800) of an ACS frame of 47 Tucanae. Note the presence of trails extending from the stars indicating the
effect of CTE on the detector.
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An Example of the Pixel-Based CCD CorrectionsFigure 4.29: 

(Left) A 1000 x 1000 pixel region at the top of the chip 1 extension in image . CTE verticaljbmncoakq_flt.fits
trails are clearly visible. (Right) The reconstructed CTE-corrected  image after the execution of flc.fits calacs.
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Figure 4.30: Two Representations of Linearity Test Results for Low to Moderate Count Levels, in the HRC

The upper panel shows aperture sums over 9 pixels for all stars used over a range emphasizing results at low to
moderate count levels. The plotted line has a slope set by the relative exposure time. In the lower panel the ratio of
counts in ensembles of stars divided into factor of two intensity bins, and further normalized by the relative exposure
time are shown. One sigma error bars are derived based on the ensemble signal-to-noise of the short exposure case. The
lowest bin has 81 stars, with typical values of 400 stars per bin above this.
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 Figure 4.31: Predicted Impact of CTE on Science Images for WFC

The magnitude loss is estimated for a star located at the chip middle point along the y-axis (Y = 1024) and refers to  
counts measured in the 3-pixel-radius aperture. Two vertical dashed lines refer to the epoch of the ACS failure in
January 2007 and to the date of SM4 (May 2009).
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Figure 4.32: Two Representations of Linearity Test Results for Low to Moderate Count Levels, in the WFC

The upper panel shows simple aperture sums, for long and short exposures, for all stars of low to moderate intensity;
the line has a slope set by the relative exposure times. The lower panel shows ratio of counts summed over all stars
within intensity bins (in factor of two steps) for the 1200 sec. to mean 22.5 sec. exposures after normalization to the
relative exposure time. To account for minor encircled energy differences for the very small 9 pixel (total, not radius)
apertures used, all points have been normalized by 1.006, the initial value for the brightest bin. The error bars show±
1 deviations based on the total signal-to-noise of the short exposure sums. The number of stars per bin is typically about
400, although the lowest bin contains only 33 stars.
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 Figure 4.33: Linearity Beyond Saturation in the HRC

The lower panel shows peak pixel values for many stars observed for 350 seconds (long) and 60 seconds (short) with the
HRC. Over the range for which stars are unsaturated in both exposures, there is a linear relation with slope equal to
exposure time ratio. Brighter stars in the long exposure saturate at values near the full well depth. The upper panel
shows the same stars using photometry sums from identical apertures in both exposures; stars above the vertical mark
near 150,000 e¯, on the x-axis, separates stars that are saturated in the long exposure. The photometric response when 
summing over saturated pixels that have been bled into remains perfectly linear far beyond saturation of the central
pixel at GAIN = 4.
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Figure 4.34: Photon Transfer Curve for WFC Obtained During SM4 Optimization Campaign

Each data point shows the mean of signal (in DN) and variance from an identical image pair measured with 25
equidistant 40 40 pixel boxes on the Amplifier B quadrant at commanded gain of 2. The dashed line shows that the ×  
detector is linear up to full well. The dotted line marks the full well, which is approximately 40,000 DN (with about 10% 
variation across the detector).
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Figure 4.35: Linearity Beyond Saturation in the WFC

The lower panel shows peak pixel values for many stars observed for 340 seconds (long) and 10 seconds (short) with the
WFC. Over the range for which stars are unsaturated in both exposures, there is a linear relation with slope equal to
the exposure time ratio. Brighter stars in the long exposure saturate at values near the full well depth. The middle panel
shows the same stars using photometry sums from identical apertures in both exposures; stars above the vertical mark
near 12,350e¯, on the x-axis, separates stars that are saturated in the long exposure. The upper panel shows the ratio of
long to short aperture sums normalized by the relative exposure time plotted against the degree of over-saturation in
the central pixel of the long exposure. The lines in the top and middle panels represent the ideal case of perfect linearity
in the pixel response. The fact that the data falls on the lines (or are symmetrically scattered about the lines) indicates
that the WFC CCDs are close to perfectly linear. The photometric response when summing over saturated pixels that
have been bled into remains perfectly linear far beyond the saturation of the central pixel at GAIN = 2.
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import pysynphot as S
 
#Note that the string in ObsBandpass() must not contain spaces
band = S.ObsBandpass('acs,wfc1,f555w,mjd#57754')
spec = S.BlackBody(10000)
spec_norm = spec.renorm(1, 'counts', band)
obs = S.Observation(spec_norm, band)
 
print(obs.effstim('stmag'))
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 Figure 5.1: Variation of the WFC and HRC Effective Pixel Area with Position in Detector Coordinates



163

�4C07ऺ�=0,ऺ�,;ऺ�:9.0;?ऺ�77@>?=,?4:9

#:ऺ 477@>?=,?0ऺ ?30ऺ.:9.0;?>ऺ:1ऺ0C?09/0/ऺ>:@=.0ऺ,9/ऺ;:49?ऺ>:@=.0ऺ;3:?:80?=Dऺ:9 ,9/ऺflt.fits/flc.fitsऺ ऺ
48,20>யऺ.:9>4/0=ऺ,ऺ>48;70ऺ 4/0,74E0/ऺ0C,8;70ऺ:1ऺ,ऺஶ ஶऺ;4C07ऺ>0.?4:9ऺ:1ऺ ?30ऺ/0?0.?:=யdrz.fits/drc.fitsऺ ऺ௔ऺ

,>>@8492ऺ?3,?ऺ?30ऺ-4,>ऺ,9/ऺ/,=6ऺ.:==0.?4:9>ऺ,=0ऺE0=:ऺ,9/ऺ?3,?ऺ?30ऺ<@,9?@8ऺ0114.409.Dऺ4>ऺ@94?Dऺ0A0=DB30=0ற

�C,8;70ऺநழ஽ऺ�77@>?=,?4:9ऺ:1ऺ�0:80?=4.ऺ�4>?:=?4:9ऺ:9ऺ,ऺ�:9>?,9?ऺ"@=1,.0ऺ�=423?90>>ऺ�-50.?

�:=ऺ ,9ऺ 0C?09/0/ऺ :-50.?ऺB4?3ऺ ,ऺ >@=1,.0ऺ -=423?90>>ऺ :1ऺ வ0ௌல;4C07ऺ 49ऺ ?30ऺ @9/4>?:=?0/ऺ .,>0யऺ ,9ऺ 48,20ऺB4?3:@?
20:80?=4.ऺ/4>?:=?4:9ऺ4>஽ऺ



164

�9ऺ=0,74?Dயऺ��"ऺ>@110=>ऺ1=:8ऺ20:80?=4.ऺ/4>?:=?4:9றऺ�>ऺ,ऺ.:9>0<@09.0யऺ?30ऺ;4C07ऺ>.,70ऺA,=40>ऺ,.=:>>ऺ?30ऺ/0?0.?:=ற
#30ऺ=0>@7?ऺ4>ऺ?3,?ऺ?30ऺ>6Dऺ,=0,ऺ.:A0=,20ऺ;0=ऺ;4C07ऺ4>ऺ9:?ऺ4/09?4.,7ற



165

#30ऺ;4C07ऺ,=0,ऺ8,;ऺ஫���஬யऺ>3:B9ऺ-07:Bயऺ477@>?=,?0>ऺ?30ऺ/4110=09.0>ऺ49ऺ,=0,ऺ1:=ऺ0,.3ऺ;4C07யऺ=0;=0>09?0/ऺ-Dऺ,
1=,.?4:9,7ऺA,7@0யऺ/@0ऺ?:ऺ20:80?=4.ऺ/4>?:=?4:9ற



166

ऺ�>ऺ,ऺ=0>@7?யऺ?30ऺ=,Bऺ/,?,ऺ>3:B>ऺ,9ऺ,;;,=09?ऺA,=4,?4:9ऺ49ऺ>@=1,.0ऺ-=423?90>>ऺ-0.,@>0ऺ>:80ऺ;4C07>ऺ/0?0.?ऺ17@C
1=:8ऺ,ऺ7,=20=ऺ>6Dऺ,=0,ऺ?3,9ऺ:?30=>ற



167

#30ऺ20:80?=4.,7ऺ,=0,ऺ:1ऺ0,.3ऺ;4C07ऺ4>ऺ48;=49?0/ऺ49ऺ?30ऺ17,?ऺ1407/யऺ,7:92ऺB4?3ऺ4?>ऺ;3:?:80?=4.ऺ>09>4?4A4?Dறऺ�9ऺ?34>
0C,8;70யऺ?30ऺ<@,9?@8ऺ0114.409.Dऺ4>ऺ@94?Dऺ0A0=DB30=0யऺ>:ऺ?30ऺ17,?ऺ1407/ऺ4>ऺ?30ऺ0<@4A,709?ऺ:1ऺ?30ऺ���஽



168

��"ऺ 17,?ऺ 1407/>ऺ ,=0ऺ /0>4290/ऺ ?:ऺ ;=:/@.0ऺ ,ऺ 17,?ऺ 48,20ऺB309ऺ ?30ऺ 49>?=@809?ऺ 4>ऺ @941:=87Dऺ 477@849,?0/றऺ #34>ய
3:B0A0=யऺ 80,9>ऺ ?3,?ऺ ;4C07>ऺ B34.3ऺ ,=0ऺ >8,770=ऺ ?3,9ऺ ,A0=,20ऺ :9ऺ ?30ऺ >6Dऺ ,=0ऺ -::>?0/யऺ B3470ऺ ;4C07>ऺ B4?3
=07,?4A07Dऺ7,=20ऺ,=0,>ऺ,=0ऺ>@;;=0>>0/றऺ�;;74.,?4:9ऺ:1ऺ?30ऺ���ऺ=08:A0>ऺ?34>ऺ0110.?௎;4C07>ऺ9:Bऺ>3:Bऺ?30ऺ?=@0
=07,?4A0ऺ 477@849,?4:9ऺ ?30Dऺ =0.04A0ऺ 1=:8ऺ ,ऺ @941:=8ऺ >:@=.0றऺ �:B0A0=யऺ ?30ऺ 48,20ऺ =08,49>ऺ 20:80?=4.,77D
/4>?:=?0/றऺ #3@>யऺ B309ऺ /:492ऺ ,;0=?@=0ऺ ;3:?:80?=Dऺ :9ऺ ?30ऺ 1407/யऺ ?30ऺ @>0=ऺ >3:@7/ऺ ?,60ऺ 49?:ऺ ,..:@9?ऺ ?3,?
,;0=?@=0ऺ>4E0>ऺ/01490/ऺ49ऺ;4C07>ऺ,=0ऺ9:?ऺ@941:=8ऺ49ऺ>4E0ऺ,.=:>>ऺ?30ऺ1407/ऺ:1ऺA40Bற

�1ऺ ऺ4>ऺ=@9ऺ:9ऺ,ऺ ऺ48,20யऺ?30ऺ:@?;@?ऺ48,20ऺ4>ऺ1=00ऺ:1ऺ20:80?=4.ऺ/4>?:=?4:9ऺ,9/�>?=:�=4EE70 flt.fits/flc.fits
4>ऺ;3:?:80?=4.,77Dऺ,..@=,?0ற



169

&309ऺ/=4EE7492ऺ,ऺ>49270ऺ48,20யऺ?30ऺ@>0=ऺ8,DऺB,9?ऺ?:ऺ@>0ऺ?30ऺ�,9.E:>ऺ60=907யऺB34.3ऺ;=:A4/0>ऺ?30ऺ-0>?ऺ48,20
14/074?Dऺ 1:=ऺ ?30ऺ>49270ऺ 48,20ऺ.,>0றऺ�:B0A0=யऺ ?34>ऺ60=907ऺ/:0>ऺ9:?ऺ;=:;0=7Dऺ3,9/70ऺ84>>492ऺ/,?,ऺ,9/ऺ.,@>0>
=492492ऺ ,=:@9/ऺ .:>84.ऺ =,D>றऺ #3@>யऺ ?30ऺ �,9.E:>ऺ 60=907ऺ >3:@7/ऺ9:?ऺ -0ऺ@>0/ऺ 1:=ऺ .:8-49492ऺ8@7?4;70ऺ 48,20>
B30=0ऺ>0.?4:9>ऺ:1ऺ?30ऺ48,20ऺ7:>?ऺ?:ऺ/010.?>ऺ:9ऺ:90ऺ.34;ऺ.,9ऺ-0ऺ14770/ऺ49ऺ-Dऺ/4?30=492ற

�:=ऺ,//4?4:9,7ऺ491:=8,?4:9ऺ,-:@?ऺ?30ऺ4990=ऺB:=6492>ऺ:1ऺ�>?=:�=4EE70யऺ;70,>0ऺ=010=ऺ?:ऺ?30ऺ ற�=4EE70�,.ऺB0->4?0

https://www.stsci.edu/scientific-community/software/drizzlepac.html


170

�C,8;70ऺநவऺ�77@>?=,?4:9ऺ:1ऺ�0:80?=4.ऺ�4>?:=?4:9ऺ,9/ऺ�9?02=,?0/ऺ�3:?:80?=Dऺ:1ऺ,ऺ�:49?ऺ":@=.0

#34>ऺ0C,8;70ऺ.:9>4/0=>ऺ:->0=A492ऺ,ऺ;:49?ऺ>:@=.0ऺ,9/ऺ?3,?ऺ,77ऺ ?30ऺ17@Cऺ 4>ऺ 49.7@/0/ऺ 49ऺ?30ऺஶ ஶऺ2=4/றऺ�0?ऺ?30ऺ௔ऺ
.:@9?>ऺ/4>?=4-@?4:9ऺ-0஽



171

ऺ
#30ऺ?:?,7ऺ.:@9?>ऺ,=0ऺழளளறऺ�@0ऺ?:ऺ20:80?=4.ऺ/4>?:=?4:9யऺ ?30ऺ�"�யऺ,>ऺ>009ऺ 49ऺ?30ऺ=,Bऺ 48,20யऺ 4>ऺ/4>?:=?0/றऺ#30
?:?,7ऺ .:@9?>ऺ,=0ऺ .:9>0=A0/யऺ-@?ऺ ?30Dऺ,=0ऺ =0/4>?=4-@?0/ऺ:9ऺ ?30ऺ���யऺ,>ऺ >3:B9ऺ 49ऺ ?30ऺ 1=,.?4:9,7ऺ,=0,ऺA,7@0>
-07:Bற



172

�1?0=ऺ?30ऺ17,?ர1407/ऺ.:==0.?4:9யऺ3:B0A0=யऺ?30ऺ?:?,7ऺ.:@9?>ऺ,=0ऺ9:ऺ7:920=ऺ.:9>0=A0/஽



173

�9ऺ?34>ऺ0C,8;70ऺ?30ऺ.:@9?>ऺ9:Bऺ,//ऺ@;ऺ?:ऺ஻஼றள஻யऺ49>?0,/ऺ:1ऺழளளறऺ�9ऺ:=/0=ऺ?:ऺ;0=1:=8ऺ49?02=,?0/ऺ;3:?:80?=Dய
?30ऺ;4C07ऺ,=0,ऺA,=4,?4:9ऺ900/>ऺ?:ऺ-0ऺ?,609ऺ49?:ऺ,..:@9?றऺ#34>ऺ.,9ऺ-0ऺ/:90ऺ-Dऺ8@7?4;7D492ऺ?30ऺflt.fits/flc.

48,20ऺ -Dऺ ?30ऺ ���ऺ :=ऺ -Dऺ =@99492 ற �97Dऺ -Dऺ =@99492ऺ ऺ .,9ऺ ?30ऺ 20:80?=4.fitsऺ ऺ �>?=:�=4EE70 ऺ �>?=:�=4EE70
/4>?:=?4:9ऺ-0ऺ=08:A0/யऺ-@?ऺ-:?3ऺ,;;=:,.30>ऺ.:==0.?7Dऺ=0.:A0=ऺ?30ऺ.:@9?ऺ?:?,7ऺ,>ऺழளளற



174

#34>ऺ2=,;34.,7ऺ/0;4.?4:9ऺ:1ऺ20:80?=4.ऺ/4>?:=?4:9ऺ,9/ऺ/=4EE7492ऺ4>ऺ5@>?ऺ,9ऺ4/0,74E0/ऺ0C,8;70றऺ�9ऺ=0,74?Dயऺ?30ऺ�"�
:1ऺ?30ऺ>?,=ऺ0C?09/>ऺ?:ऺ,ऺ8@.3ऺ-4220=ऺ=,/4@>றऺ�:=ऺ;3:?:80?=Dऺ=,/44ऺ>8,770=ऺ?3,9ऺஷऺ;4C07>யऺ,ऺ 1407/ர/0;09/09?
,;0=?@=0ऺ.:==0.?4:9ऺ8@>?ऺ-0ऺ.,7.@7,?0/ऺ?:ऺ,A:4/ऺ;3:?:80?=Dऺ0==:=>ऺ-4220=ऺ?3,9ऺழனऺ஫>00ऺ?30ऺ90C?ऺ>0.?4:9ற஬ऺ#30
,;0=?@=0ऺ.:==0.?4:9>ऺ/4>.@>>0/ऺ49 ,=0ऺ1:=ऺ ऺ:=ऺ ऺ48,20>ऺ,?ऺ?30ऺ&��ழரழ�ऺ=010=09.0ऺ;:>4?4:9யऺ"0.?4:9ऺஸறழறவऺ flt crj
,>ऺ.:==0.?0/ऺ-Dऺ?30ऺ���>றऺ�:B0A0=யऺ?30ऺ ऺ/=4EE70/ऺ.:==0.?4:9>ऺ,=0ऺ?30ऺ>,80ऺ/:B9ऺ?:ऺ,9ऺ,;0=?@=0ऺ=,/4@>ऺ:1drz
ஶऺ;4C07>யऺB30=0ऺ?30ऺ09.4=.70/ऺ090=2Dऺ/4110=>ऺ-Dऺளறஸனற

ஸறழறஷ �"�ऺ

�"�ऺ�407/ऺ�0;09/09.0

�:49?ऺ>;=0,/ऺ1@9.?4:9>ऺ஫�"�>஬ऺ49ऺ?30ऺ��"ऺ.,80=,>ऺ,=0ऺ=07,?4A07Dऺ>?,-70ऺ:A0=ऺ?30ऺ1407/ऺ:1ऺA40Bயऺ0>;0.4,77DऺB309
.:8;,=0/ऺ?:ऺ;=0A4:@>ऺ2090=,?4:9ऺ.,80=,>ऺ>@.3ऺ,>ऺ&���வறऺ%,=4,?4:9>ऺ49ऺ?30ऺ�!�ऺ,=0ऺA0=Dऺ>8,77ऺ,9/ऺ;=:-,-7D
9027424-70ऺB309ऺ@>492ऺ,;0=?@=0>ऺ2=0,?0=ऺ?3,9ऺ= ீ ழறஸऺ;4C07>ऺ:=ऺ@>492ऺ�"�ऺ14??492றऺ�:B0A0=யऺ?30ऺ&��ऺ�"�ऺA,=40>ऺ ऺ
09:@23ऺ 49ऺ >3,;0ऺ ,9/ऺ B4/?3ऺ ?3,?ऺ >429414.,9?ऺ ;3:?:80?=4.ऺ 0==:=>ऺ 8,Dऺ -0ऺ 49?=:/@.0/ऺ B309ऺ @>492ऺ >8,77
,;0=?@=0>ऺ:=ऺ14C0/ரB4/?3ऺ�"�ऺ14??492றऺ#30>0ऺ0110.?>ऺ,=0ऺ/0>.=4-0/ऺ49ऺ/0?,47ऺ49 றऺ��"ऺ�"!ऺவளளஶரளஹ

#30ऺ&��ऺ�"�ऺB4/?3ऺA,=4,?4:9ऺ4>ऺ8:>?7Dऺ/@0ऺ?:ऺ.3,920>ऺ49ऺ���ऺ.3,=20ऺ/411@>4:9றऺ�3,=20ऺ/411@>4:9யऺ,9/ऺ?3@>ऺ?30
=0>@7?492ऺ48,20ऺ-7@=யऺ4>ऺ2=0,?0=ऺ49ऺ?34.60=ऺ=024:9>ऺ:1ऺ?30ऺ/0?0.?:=ऺ஫?30ऺ&��ऺ���ऺ?34.690>>ऺ=,920>ऺ1=:8ऺழவறஹऺ?:
ழ஺றழ 84.=:9>யऺ >00 ஬றऺ �?ऺ ஸளள 98யऺ ?30ऺ �"�ऺ �&��ऺ A,=40>ऺ -Dऺ வஸனऺ ,.=:>>ऺ ?30ऺ 1407/றऺ �0.,@>0ऺ .3,=20ऺ ऺ �42@=0ऺ ஸறவ ऺ
/411@>4:9ऺ 49ऺ -,.6>4/0ர477@849,?0/ऺ /0A4.0>ऺ 7460ऺ ?30ऺ ��"ऺ ���>ऺ /0.=0,>0>ऺ B4?3ऺ 49.=0,>492ऺ B,A07092?3யऺ ?30
-7@==492ऺ ,9/ऺ A,=4,?4:9>ऺ 49ऺ �"�ऺ B4/?3ऺ B477ऺ 49.=0,>0ऺ ?:B,=/>ऺ >3:=?0=ऺ B,A07092?3>றऺ �?ऺ ஸளள 98யऺ ;3:?:80?=4.ऺ
0==:=>ऺ,>ऺ8@.3ऺ,>ऺழஸனऺ8,Dऺ=0>@7?ऺB309ऺ@>492ऺ>8,77ऺ஫= ி ழறஸ ;4C07஬ऺ,;0=?@=0>றऺ�?ऺ= ீ ஷऺ;4C07>யऺ?30ऺ0==:=>ऺ,=0ऺ ऺ ऺ ऺ ऺ
=0/@.0/ऺ?:ऺி ழனறऺ"429414.,9?ऺ0==:=>ऺ8,Dऺ,7>:ऺ-0ऺ49?=:/@.0/ऺB309ऺ@>492ऺ14C0/ரB4/?3ऺ�"�ऺ14??492றऺ஫"00ऺ ऺ��"ऺ�"!

஬றவளளஶரளஹ

�"�ऺ >3,;0ऺ ,7>:ऺ .3,920>ऺ :A0=ऺ ?30ऺ&��ऺ 1407/ऺ /@0ऺ ?:ऺ ?30ऺ .:8-490/ऺ 0110.?>ऺ :1ऺ ,-0==,?4:9>ऺ 7460ऺ ,>?428,?4>8ய
.:8,யऺ,9/ऺ/01:.@>றऺ�>?428,?4>8ऺ9:?4.0,-7Dऺ07:92,?0>ऺ?30ऺ�"�ऺ.:=0>ऺ,7:92ऺ?30ऺ0/20>ऺ,9/ऺ49ऺ?30ऺ.:=90=>ऺ:1
?30ऺ1407/றऺ#34>ऺ8,Dऺ;:?09?4,77Dऺ,7?0=ऺ0774;?4.4?Dऺ80,>@=0809?>ऺ:1ऺ?30ऺ-=423?யऺ.:8;,.?ऺ.:=0>ऺ:1ऺ>8,77ऺ2,7,C40>ऺ,?
?30ऺ1407/ऺ0/20>றऺ�:8,ऺ4>ऺ7,=207Dऺ>?,-70ऺ:A0=ऺ8:>?ऺ:1ऺ?30ऺ1407/ऺ,9/ऺ4>ऺ:97Dऺ>429414.,9?ऺ49ऺ?30ऺ@;;0=ऺ701?ऺ.:=90=ய
,9/ऺ.09?=:4/ऺ0==:=>ऺ:1ऺோளறழஸ ;4C07>ऺ8,Dऺ-0ऺ0C;0.?0/ऺ?30=0றऺ

�->0=A0=>ऺ8,Dऺ@>0 ?:ऺ;=0/4.?ऺ ?30ऺ A,=4,?4:9>ऺ 49ऺ ?30ऺ�"�ऺ:A0=ऺ ?30ऺ 1407/ऺ :1ऺ A40Bऺ 1:=ऺ ?304=ऺ ;,=?4.@7,=ऺ #49D#48ऺ
:->0=A,?4:9ற ,..:@9?>ऺ1:=ऺB,A07092?3ऺ,9/ऺ1407/ர/0;09/09?ऺ.3,=20ऺ/411@>4:9ऺ,9/ऺ,-0==,?4:9>ऺ#49D#48ऺ

�:=ऺ;:49?ऺ>:@=.0ऺ=07,?4A0ऺ,>?=:80?=Dயऺ;=:.0/@=0>ऺ1:=ऺ:-?,49492ऺ?30ऺ-0>?ऺ=0>@7?>ऺ,=0ऺ/0>.=4-0/ऺ49ऺ��"ऺ�"!ऺவளளஹர

https://ui.adsabs.harvard.edu/abs/2003acs..rept....6K/abstract
https://ui.adsabs.harvard.edu/abs/2003acs..rept....6K/abstract
https://ui.adsabs.harvard.edu/abs/2003acs..rept....6K/abstract
https://www.stsci.edu/hst/instrumentation/focus-and-pointing/focus/tiny-tim-hst-psf-modeling
https://ui.adsabs.harvard.edu/abs/2006acs..rept....1A/abstract


175

�:=ऺ;:49?ऺ>:@=.0ऺ=07,?4A0ऺ,>?=:80?=Dயऺ;=:.0/@=0>ऺ1:=ऺ:-?,49492ऺ?30ऺ-0>?ऺ=0>@7?>ऺ,=0ऺ/0>.=4-0/ऺ49ऺ��"ऺ�"!ऺவளளஹர
றளழ

https://ui.adsabs.harvard.edu/abs/2006acs..rept....1A/abstract
https://ui.adsabs.harvard.edu/abs/2006acs..rept....1A/abstract


176

Figure 5.2: WFC Chip Thickness (left) and PSF FWHM (right)
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Figure 5.3: CCD Scatter at Red Wavelengths.

WFC images of the standard star GD71 through filters F775W (9 sec., left), F850LP (24 sec., middle), and FR1016N at  
996 nm (600 sec., right). The CCD scatter, undetected below ~800 nm, grows rapidly with longer wavelength. In   
addition to the asymmetrical, horizontal feature, a weaker diagonal streak also becomes apparent near 1 micron. 
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 Figure 5.4: Sensitivity of the SBC imaging modes.

Sensitivity measurements for five SBC imaging modes. Black squares are the mean and standard deviation of the
sensitivity before time-dependent sensitivity (TDS) correction. The red line is the extracted TDS. Blue squares are the

.sensitivity after applying TDS correction
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 Figure 5.5: Instrumental Polarization for the HRC
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 Figure 5.6: Instrumental Polarization for the WFC
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Direct Image of WFC1 in F775WFigure 5.7: 
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WFC1 G800L Slitless Image Corresponding to the Direct ImageFigure 5.8: 
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/Figure 5.9: Summary of aXe hstaxe High and Low Level Commands

This figure is reproduced from the .aXe User Manual
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 Figure 5.10: Illustration of the aXedrizzle Process for One Object

Panel (a) shows one individual grism image with an object marked. Panel (b) displays the stamp image for this object 
out of the grism image (a). Panel (c) shows the drizzled grism stamp image derived from (a), and the final co-added 2D
spectrum for this object is given in panel (d).
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 Figure 5.11: Example WFC G800L Extracted Spectrum
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 Figure 5.12: Web page Produced by for Browsing Extracted Spectra aXe2web 
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