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1 .0  I n t r o d u c t io n

CA L S T IS  is  a n  ID L  p r o c e d u r e  th a t p e r f o rm s  th e  r o u tin e  re d u c tio n  o f  S p a c e  T e le s c o p e  Im a g in g
S p e c tr o g ra p h  d a ta .  T h is  m a n u a l d e s c r ib e s  h o w  to  

�
s e a r c h  fo r  d a ta  in  th e  d a ta  c a ta lo g  (S e c tio n  1 2 )�
r e a d  th e  ra w  S T IS  d a ta  ( S e c tio n  2 )�
c a lib ra te  th e  d a ta  u s in g  CA L S T IS  (S e c tio n s  3  th ro u g h  9 )�
r e a d  th e  o u tp u t d a ta  f ile s  p r o d u c e d  b y  CA L S T IS  ( S e c tio n  1 0 )�
u s e  th e  w a v e c a ls  ta k e n  w ith  th e  s c ie n c e  d a ta  to  c o r r e c t fo r  th e r m a l m o tio n  a n d  m o d e  s e le c t
m e c h a n is m  n o n - re p e a ta b ility  (S e c tio n  1 3 )

T h e  c u rr e n t v e r s io n  o f  CA L S T IS  p e r fo r m s  th e  b a s ic  im a g e  p r o c e s s in g  s te p s  ( S e c tio n  7 ) , a n d  c a n
e ith e r p e r fo r m  a  p o in t s o u r c e  e c h e lle  o r  firs t o rd e r  g ra tin g  e x tra c tio n  ( S e c tio n  8 ) o r  a  firs t o rd e r  
g ra tin g  e x te n d e d  s o u r c e  im a g e  r e c tif ic a tio n  ( S e c tio n  9 ) .  T h e  c u r r e n t v e rs io n  o f CA L S T IS  d o e s
n o t s u p p o r t e c h e lle  e x te n d e d  s o u r c e  e x tra c tio n s  o r  p ris m  s p e c tr a l e x tra c tio n s .  

2 .0  R a w  S T I S  Da ta  F ile s

R a w  S T IS  d a ta  file s  a re  s to re d  in  F IT S  f ile s  w ith  n a m e s :

ro o tn a m e _ ra w .fits  -  u n c a lib ra te d  im a g e s
ro o tn a m e _ s p t.fits  - e n g in e e r in g  d a ta  f o r th e  ra w  im a g e s
ro o tn a m e _ w a v .fits  -  u n c a lib ra te d  w a v e le n g th  c a lib r a tio n  la m p  im a g e s .
ro o tn a m e _ w s p .fits  -  e n g in e e rin g  d a ta  f o r th e  w a v e le n g th  c a lib r a tio n  im a g e s .
ro o tn a m e _ ta g .fits  - M A M A  tim e - ta g  d a ta  f ile
ro o tn a m e _ trl.fits  -  A S CII T a b le  Co n ta in in g  S T  S c I P r o c e s s in g  H is to ry
ro o tn a m e _ lrc .fits  -  lo c a l ra te  c h e c k  im a g e
ro o tn a m e _ ls p .fits  - e n g in e e r in g  d a ta  f o r th e  lo c a l ra te  c h e c k  im a g e

F u r th e r  in f o rm a tio n  o n  th e  f o r m a t o f th e s e  f ile s  c a n  b e  f o u n d  in  th e  S T S c I S T IS  In s tru m e n t
H a n d b o o k  a n d  th e  in  S T  S c I D a ta  H a n d b o o k .

T h e  r a w  S T IS  d a ta  file s  a r e  c a ta lo g u e d  in  th e  ID L  d a ta  b a s e  S T IS L O G  ( S e c tio n  1 2 ).  A s  r e c e iv e d ,
e a c h  o b s e r v a tio n  is  a s s ig n e d  a n  ID  n u m b e r  ( th e  e n tr y  n u m b e r in  th e  S T IS L O G  c a ta lo g ) .  D a ta
c a n  b e  r e fe r e n c e d  w h e n  u s in g  th e  S T IS  ID L  s o f tw a r e  e ith e r b y  th e  f ile n a m e  o r b y  th e  ID  n u m b e r .

T h e  r o u tin e  S T IS _ R E A D  is  u s e d  to  r e a d  ra w  S T IS  d a ta  f ile s .  Its  c a llin g  s e q u e n c e  is :

ST I S_ R E A D , f ile , h e a d e r , d a ta , u d l, h e n g
w h e r e

f ile  is  th e  ID  n u m b e r  o r  th e  r a w  im a g e  f ile n a m e .
h e a d e r is  th e  o u tp u t F IT S  h e a d e r .
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d a ta  is  th e  o u tp u t im a g e  a r ra y .
u d l is  b in a ry  e n g in e e r in g  d a ta  a n d  c a n  b e  ty p ic a lly  ig n o r e d  b y  th e  a v e ra g e  u s e r .
h e n g  is  th e  F IT S  h e a d e r  o f th e  e n g in e e r in g  ( _ s p t)  f ile .

F o r  e x a m p le , to  r e a d  o b s e rv a tio n  1 0 0 0  u s e :

s tis _ r e a d ,1 0 0 0 , h , d a ta

o r  e q u iv a le n tly ,

s tis _ r e a d ,’ o 3 x v 0 3 w 3 m _ r a w .f its ’, h , d a ta

Y o u  c a n  th e n  p r o c e e d  to  e x a m in e  th e  h e a d e r a n d  d a ta .  F o r  e x a m p le ,

h p r in t, h ; lis t h e a d e r  c o n te n ts
tv s c l, d a ta ; d is p la y  d a ta

S T IS _ R E A D  h a s  th e  f o llo w in g  o p tio n a l k e y w o r d  in p u ts :

/H I R E S to  le a v e  M A M A  d a ta  in  th e  H i- R e s  m o d e .  T h e  d e f a u lt is  to  c o n v e r t th e  d a ta  to  L o - R e s
m o d e .
/N O _ O V E R SC A N  to  d is a b le  th e  CCD  o v e rs c a n  b ia s  re m o v a l.
R E A D O U T  =  n u m b e r  o f th e  re a d o u t to  r e a d .  T h e  d e f a u lt is  to  re a d  th e  f irs t re a d o u t ( r e a d o u t= 1 )

M u ltip le  r e a d o u t in p u t d a ta  f ile s  c a n  b e  r e a d  w ith  S T IS _ R E A D  u s in g  th e  k e y w o r d  p a ra m e te r
R E A D O U T .  T h is  m e th o d  o f r e a d in g  th e  d a ta  is  fin e  w h e n  o n ly  o n e  o f th e  re a d o u ts  is  to  b e  r e a d .
If  h o w e v e r, y o u  a re  g o in g  to  p ro c e s s  a ll th e  r e a d o u ts , th is  m e th o d  c a n  b e  v e ry  in e f fic ie n t,
p a rtic u la rly  if  th e  in p u t r a w  d a ta  is  s to r e d  in  c o m p r e s s e d  f o rm a t.  W h e n  y o u  re a d  e a c h  r e a d o u t,
th e  d a ta  is  u n c o m p r e s s e d  in to  a  te m p o r a ry  file , th e  re a d o u t r e a d , th e  f ile  c lo s e d , a n d  th e
te m p o r a r y  f ile  d e le te d .  A  b e tte r a p p r o a c h  is  to  u n c o m p re s s , o p e n  th e  f ile  o n c e , a n d  th e n  r e a d  a ll
r e a d o u ts  b e f o r e  c lo s in g  a n d  d e le tin g  th e  te m p o r a ry  u n c o m p r e s s e d  f ile .  T h is  c a n  b e  d o n e  u s in g
th e  r o u tin e s  S T IS _ O P E N  a n d  S T IS _ CL O S E .  T o  o p e n  th e  file  u s e :

ST I S_ O P E N , ’< file n a m e > ’, f c b , n r e a d s = n r e a d s

w h e r e  fc b  ( file  c o n tro l b lo c k )  is  a n  o u tp u t d a ta  s tru c tu re  w h ic h  w ill b e  p a s s e d  to  th e  o th e r
r o u tin e s . T h e  o p tio n a l k e y w o rd  o u tp u t, n r e a d s , g iv e s  th e  n u m b e r o f  r e a d o u ts  in  th e  file .  N o w
y o u  c a n  s ta r t r e a d in g  th e  d a ta :

f o r  i= 1 ,n r e a d s  d o  b e g in
ST I S_ R E A D , f c b , h , d , r e a d o u t= i

...
e n d

w h e n  d o n e  w ith  th e  f ile , c lo s e  it w ith :
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ST I S_ C L O SE , f c b

3 .0  U s in g  C A L S T I S

CA L S T IS  c a n  b e  c a lle d  f r o m  th e  ID L  c o m m a n d  lin e  o r f r o m  a n o th e r  ID L  p r o c e d u re  w ith  th e
f o llo w in g  c a llin g  s e q u e n c e s :

1 )  P o in t S o u r c e  S p e c tra l E x tra c tio n

C A L ST I S, id , p a r a m s , h , m , w a v e , f lu x , e p s f , e r r f , g r o s s , b a c k , n e t, p o s , im a g e ,e p s ,e r r

2 )  E x te n d e d  S o u r c e  S p e c tr a l E x tr a c tio n

C A L ST I S, id , p a r a m s , h , m , w a v e , f lu x , e p s f , e r r f , s e n s ,x ,y , u n u s e d , im a g e ,e p s ,e r r

3 )  Im a g in g  M o d e

C A L ST I S, id , p a r a m s , h , u n u s e d , u n u s e d , im a g e ,e p s ,e r r

w h e r e :

id  is  th e  in p u t file n a m e  o r  th e  ID  n u m b e r  in  th e  S T IS L O G  d a ta  b a s e  ( S e e  s e c tio n  2 .0 ) .
p a r a m s  is  a  u s e r  s p e c ifie d  p a ra m e te r s trin g  u s e d  to  c o n tr o l th e  r e d u c tio n  s te p s  ( S e c tio n  4 .0 ) .
h  is  th e  o u tp u t F IT S  h e a d e r  s tr in g  a r ra y .
m  is  a  v e c to r  o f s p e c tr a l o r d e r n u m b e rs  f o r th e  e c h e lle  m o d e s .  F o r  th e  f irs t o rd e r  g r a tin g  m o d e s ,

m  h a s  th e  v a lu e  o f  1 .
w a v e  is  a  v e c to r  o f  w a v e le n g th s  f o r f irs t o rd e r  g r a tin g  m o d e s .  F o r  e c h e lle  m o d e s , it c o n ta in s  a

tw o  d im e n s io n a l a rr a y  g iv in g  th e  w a v e le n g th s  fo r  e a c h  s p e c tr a l o r d e r.
f lu x  is  a n  a r r a y  o f e x tr a c te d  flu x  v a lu e s  f o r p o in t s o u r c e  s p e c tr a , a  re c tif ie d  im a g e  fo r  e x te n d e d
 s o u rc e  e x tra c tio n s , o r a  f la t fie ld e d  im a g e  fo r  im a g in g  m o d e  o b s e r v a tio n s .
e p s f is  a  d a ta  q u a lity  a r r a y  fo r  f lu x .  It is  th e  s a m e  s iz e  a s  flu x  a n d  h a s  v a lu e s  a s  d e f in e d  in  

A p p e n d ix  A .
e r r f  is  th e  p ro p a g a te d  s ta tis tic a l e rr o r a r ra y  fo r  flu x .
g r o s s  is  th e  e x tra c te d  ( p o in t s o u r c e )  g ro s s  s p e c tru m  in  c o u n t r a te s .
b a c k  is  th e  e x tr a c te d  (p o in t s o u r c e ) b a c k g ro u n d  s p e c tr u m  in  c o u n t r a te s .
n e t is  th e  n e t s p e c tru m  ( g r o s s  m in u s  th e  s m o o th e d  b a c k g ro u n d  s p e c tr u m ) .
p o s  is  a n  a rr a y  o f  s p e c tra l e x tr a c tio n  p o s itio n s  f o r p o in t s o u r c e  e x tr a c tio n s .  T h e  c e n te r  o f  th e

e x tra c tio n  s lit in  r a w  d a ta  im a g e  c o o rd in a te s  fo r  f lu x ( i,j)  is  a t p o s itio n  x = i, y = p o s (i,j) .
im a g e  is  a  f la t f ie ld e d  c o u n t ra te  im a g e .
e p s  is  a  d a ta  q u a lity  a rr a y  f o r im a g e .
e r r  is  th e  p r o p a g a te d  s ta tis tic a l e r ro r  a rr a y  f o r im a g e .
s e n s  is  th e  s e n s itiv ity  v e c to r  f o r a n  e x te n d e d  s o u r c e  e x tra c tio n .
x  is  th e  ra w  im a g e  x - p o s itio n s  f o r  th e  c e n te r  o f e a c h  p ix e l in  a n  e x te n d e d  s o u r c e  r e c tifie d  im a g e
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y  is  th e  ra w  im a g e  y - p o s itio n s  f o r  th e  c e n te r  o f e a c h  p ix e l in  a n  e x te n d e d  s o u r c e  r e c tifie d  im a g e
u n u s e d  in d ic a te s  th a t th e  o u tp u t p a ra m e te r p o s itio n  is  n o t u s e d  fo r  th is  ty p e  o f e x tra c tio n .

T h e  o n ly  r e q u ir e d  in p u t/o u tp u t p a r a m e te r  th a t m u s t b e  s u p p lie d  to  CA L S T IS  is  id .  If CA L S T IS
is  c a lle d  b y :

C A L ST I S, id

a ll d e f a u lt p r o c e s s in g  w ill b e  p e r fo r m e d  a n d  th e  r e s u lts  w ill b e  p la c e d  in  o u tp u t F IT S  f ile s .

CA L S T IS  a ls o  h a s  th e  fo llo w in g  o p tio n a l ID L  k e y w o rd  in p u t p a r a m e te rs :

R E A D O U T   s p e c ifie s  w h ic h  r e a d o u t is  to  b e  p ro c e s s e d  f o r  file s  c o n ta in in g  m u ltip le  
r e a d o u ts . U n le s s  s p e c if ie d , CA L S T IS  w ill p ro c e s s in g  th e  f ir s t r e a d o u t ( R E A D O U T = 1 ) .
T o  p r o c e s s  th e  s e c o n d  re a d o u t, fo r  e x a m p le , u s e :

C A L ST I S, id , ...,  r e a d o u t= 2

Q U I C K  c a n  b e  u s e d  to  g e t a  q u ic k  s p e c tr a l e x tr a c tio n .  S p e c ify in g  Q U ICK  c a u s e s  th e  
b ia s  im a g e  re m o v a l, d a r k  ra te  im a g e  s u b tr a c tio n , a n d  fla t f ie ld in g  to  b e  tu r n e d  o ff .  Its  
u s a g e  is :

C A L ST I S, id , ..., /q u ic k

C R _ R E J E C T  is  u s e d  to  s p e c if y  th a t m u ltip le  r e a d o u ts  in  a  CCD  d a ta  f ile  a re  to  b e  
c o m b in e d  w ith  c o s m ic  r a y  re m o v a l b y  th e  r o u tin e  S T IS _ CR . U s e :

C A L ST I S, id , ..., /c r _ r e je c t

A U T O W A V E  is  u s e d  to  c o n tr o l th e  z e r o  p o in t s h ift in  th e  w a v e le n g th s  u s in g  a n  
a s s o c ia te d  w a v e c a l o b s e rv a tio n .  S e e  s e c tio n  1 3 .1  fo r  its  u s a g e .

N O _ P L O T  c a n  b e  u s e d  to  tu r n  o ff  th e  p lo ttin g  d u r in g  a u to -w a v e c a l p ro c e s s in g .

C A L ST I S, id , ..., /n o _ p lo t

A d d itio n a l k e y w o r d  in p u ts , H E A D E R , D A T A , E P SI N , a n d  E R R I N , a llo w  y o u  to  e x p lic itly
s u p p ly  th e  d a ta  to  b e  p ro c e s s e d  in s te a d  o f  h a v in g  CA L S T IS  r e a d  it fr o m  a n  in p u t f ile .  T h e ir
u s a g e  is  d e s c r ib e d  in  s e c tio n  1 1 .

A s  CA L S T IS  e x e c u te s , it w ill p rin t a  p r o c e s s in g  h is to ry  to  th e  s c r e e n .  T h is  s a m e  h is to r y  is
p la c e d  in to  th e  o u tp u t F IT S  h e a d e r.  T o  tu r n  o ff  th e  s c r e e n  p r in tin g , s e t !d u m p  to  0  b e f o re
e x e c u tin g  CA L S T IS :

! d u m p  =  0
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c a ls tis ,id ,....

T o  tu rn  th e  s c r e e n  p rin tin g  b a c k  o n , s e t !d u m p  to  1 .

4 .0  C A L S T I S  R e d u c t io n  P a r a m e t e r s

T h e  s e c o n d  p a r a m e te r  in  th e  c a llin g  s e q u e n c e  o f  CA L S T IS , P A R A M S , is  th e  u s e r  s p e c ifie d
p a ra m e te r s  to  CA L S T IS .  T h e s e  p a ra m e te r s  c o n tro l h o w  CA L S T IS  re d u c e s  th e  d a ta , in c lu d in g
w h ic h  re d u c tio n  s te p s  a r e  p e r fo r m e d  a n d  w h ic h  c a lib ra tio n  r e fe r e n c e  f ile s  a r e  u s e d .  P A R A M S
c a n  h a v e  a n y  o f  th e  f o llo w in g  f o rm s :

V A L U E
      0 -  u s e  a ll d e f a u lt p a r a m e te rs
      1 -  in te ra c tiv e ly  s e le c t th e  p a r a m e te r v a lu e s
 ‘ s tr in g ’ -  p a r a m e te r d e f in itio n  o f  th e  f o rm :

‘ p a r n a m e = v a lu e ,p a r n a m e = v a lu e ,...’
‘ < file n a m e > ’ -  n a m e  o f a  te x t f ile  w ith  th e  c o n te n ts :

p a rn a m e = v a lu e
p a rn a m e = v a lu e
....

T a b le  4 .1  g iv e s  a  lis tin g  o f  th e  p a r a m e te r  n a m e s  a n d  th e  d e fa u lt v a lu e s .  F u r th e r  in fo r m a tio n  o n
th e m  c a n  b e  f o u n d  in  th e  in d iv id u a l r e d u c tio n  s e c tio n s  w h ic h  fo llo w .

T A B L E  4 .1
C A L S T I S  P a r a m e te r  S e le c t io n

7 .7M A M A  g lo b a l n o n -lin e a r ity  tim e  c o n s ta n t0ta u
P ro p a g a te  th e  s ta tis tic a l e rr o r s  ( 0 - n o , 1 -y e s )1e rr o r s

S k ip  S p e c tra l E x tra c tio n  o r  e x te n d e d  s o u rc e
im a g e  r e c tif ic a tio n  ( 0  -  n o , 1  - y e s )

0n o s p e c
7 .3M in im u m  M A M A  r a w  d a ta  v a ria n c e0m in e r rv

M A M A  H ire s  p r o c e s s in g  ( 0  - n o , 1  -  y e s )0h ire s
9E x te n d e d  S o u r c e  E x tr a c tio n  (0  -  n o , 1  -  y e s )0e x te n d e d

7 .1 2O u tp u t g e o m e tric a lly  c o rr e c te d  c a m e r a  m o d e
im a g e  f ile  n a m e  (D E F , n o n e , o r a  f ile n a m e )

n o n eo u tg e o m

1 0O u tp u t f la t fie ld e d  f ile  n a m e  (D E F , n o n e , o r a
f ile n a m e )

n o n eo u tim a g e
1 0S p e c tra l file  n a m e  (D E F , n o n e , o r a  f ile n a m e )D E Fo u ts p e c

S e c t io n sDe s c r ip tio nDe fa u lt  V a lu eP a r a m e t e r
N a m e
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8 .5A p p ly  CCD  CT E  c o rr e c tio n  fo r  p o in t s o u rc e
e x tr a c tio n s .

1c te c o r r
8 .5A p p ly  s e n s itiv ity  tim e /te m p e ra tu re  c o rr e c tio n1tim e c o r r

8 .3S u b tr a c t th e  b a c k g ro u n d  s p e c tr u m  in  p o in t
s o u r c e  s p e c tr a l p r o c e s s in g  (0  -  n o , 1 -y e s )

1s u b b a c k
7 .1 2A p p ly  c a m e ra  m o d e  g e o m e tr ic  c o r re c tio n0g e o m c o r r

7 .7P e r f o rm  c o u n t r a te  c o n v e rs io n  (0  -  n o , 1  -
y e s )

1r a te

8 .3O rd e r  o f th e  p o ly n o m ia l u s e d  to  fit th e
b a c k g ro u n d  s p e c tr a  (- 1  f o r n o  f it) .

- 1  (e c h e lle )
3  ( firs t o rd e r )

b _ o r d e r

8 .3M e a n  filte r  w id th  u s e d  fo r  s m o o th in g  th e
b a c k g ro u n d  s p e c tr a

1  ( firs t o rd e r )
3 1  ( e c h e lle )

b _ m e a n 2

8 .3M e a n  filte r  w id th  u s e d  fo r  s m o o th in g  th e
b a c k g ro u n d  s p e c tr a

1  ( firs t o rd e r )
3 1  ( e c h e lle )

b _ m e a n 1

8 .3M e d ia n  f ilte r w id th  u s e d  f o r  s m o o th in g  th e
b a c k g ro u n d  s p e c tr a

9   (CCD )
0   ( M A M A )

b _ m e d ia n
8 .4T a r g e t o f fs e t fr o m  c e n te r  o f  th e  s lit (a r c s e c )0ta r g o ff s

8 .4W a v e le n g th  o ff s e t in  p ix e ls . T y p ic a lly
d e te rm in e d  u s in g  S T IS _ W A V E CA L  (s e c tio n
1 3 .0 )

0w o f f s e t

8 .1D is p la y  tra c in g  o f  th e  lo c a tio n  o f th e  p o in t
s o u r c e  e x tr a c tio n  ( 0  -  n o , 1 -y e s )

1tra c e
8 .2y  p o s itio n  o f  th e  lo w e r  b a c k g r o u n d  s p e c tru m0b lo w e r
8 .2y  p o s itio n  o f  th e  u p p e r  b a c k g r o u n d  s p e c tru m0b u p p e r
8 .2b d is t f o r  lo w e r  b a c k g r o u n d  s p e c tr u m0b d is tU
8 .2b d is t f o r  u p p e r  b a c k g r o u n d  s p e c tr u m0b d is tL

8 .2d is ta n c e  to  th e  c e n te r o f  th e  b a c k g ro u n d
e x tr a c tio n  s lit f ro m  th e  c e n te r  o f th e  g ro s s
s p e c tr u m  (p ix e ls ) .

3 0 0b d is t

8 .2W id th  o f th e  re g io n s  d e f in in g  th e  p o in t
s o u r c e  b a c k g ro u n d  s p e c tr a  (i.e . h e ig h t o f th e
u p p e r  a n d  lo w e r  b a c k g r o u n d  e x tra c tio n  s lits )

1 1 .0   ( firs t o rd e r )
3 .0  ( e c h e lle )

b w id th

8 .2W id th  o f th e  re g io n  d e f in in g  th e  p o in t s o u r c e
g r o s s  s p e c tr u m  (i.e . h e ig h t o f  th e  e x tr a c tio n
s lit)

1 1 .0  ( M A M A )
7 .0    (CCD )

g w id th

8 .1M a x im u m  d is ta n c e  f r o m  c e n te r  o f s e a rc h
a r e a  ( in  th e  s p a tia l d ire c tio n )  to  lo o k  f o r a
p o in t s o u r c e  s p e c tru m .

2 0 0   ( G 1 4 0 L )
1 0 0   ( a ll o th e r
          m o d e s )

d is t1

8 .1S p a tia l o f fs e t ( p ix e ls )  fr o m  n o m in a l s p e c tr a l 
p o s itio n  to  c e n te r o f  th e  s e a rc h  a re a  u s e d  to
lo c a te  a  p o in t s o u rc e  s p e c tr u m .

0s o ff s e t

S e c t io n sDe s c r ip tio nDe fa u lt  V a lu eP a r a m e t e r
N a m e
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9 .1E x te n d e d  s o u rc e  e x tra c tio n  p ix e l s iz e  in  th e
s p a tia l d ir e c tio n  fo r  th e  o u tp u t e x te n d e d
s o u r c e  im a g e  ( in  in p u t p ix e ls )

1e s d e lta l

9 .1E x te n d e d  s o u rc e  e x tra c tio n  p ix e l s iz e  in  th e
w a v e le n g th  d ire c tio n  f o r th e  o u tp u t e x te n d e d
s o u r c e  im a g e  ( in  in p u t p ix e ls ) ;  Ig n o re d  if
e s d e la w  is  n o n - z e r o  

1e s d e lta s

9 .1E x te n d e d  s o u rc e  e x tra c tio n  w a v e le n g th
s p a c in g  ( 0  to  u s e  v a lu e  o f  e s d e lta s )

0e s d e lta w
5 .0 , 8 .4A p e rtu re  d e s c rip tio n  ta b leD E Fa p d ta b
5 .0 , 8 .5A p e rtu re  th ro u g h p u t ta b leD E Fa p tta b

8 .5S lit G W ID T H  p h o to m e tric  c o r r e c tio n  ta b leD E Fp c tta b

5 .0 , 8 .5 ,
9 .2

S e n s itiv ity  ta b leD E Fs e n s ta b
8 .4T a b le  o f im a g e  p la te  s c a le sD E Fs c a le ta b
8 .4T a b le  o f lo n g s lit a n g le sD E Fa n g le ta b

5 .0 , 8 .4In c id e n c e  a n g le  ta b le  f o r c o r re c tin g  f o r
n o n - c o n c e n tr ic  a p e rtu re  lo c a tio n s

D E Fia c ta b

5 .0 , 8 .4Co rr e c tio n  ta b le  fo r  th e  d is p e r s io n
c o e f fic ie n ts  to  a c c o u n t f o r th e  e c h e lle
m o n th ly  M S M  o f f s e ts

D E Fm s m ta b
5 .0 , 8 .4 , D is p e r s io n  c o e ff ic ie n t ta b leD E Fd c ta b

5 .0 , 8 .1 ,
9 .1

S p e c tra l e x tr a c tio n  p o s itio n  ta b leD E Fe x tta b
7 .1 2Ca m e r a  m o d e  d is to rtio n  fileD E Fg e o m f ile

5 .0 , 7 .9D e lta  fla t f ie ld  file  n a m eD E Fd f ltfile
5 .0 , 7 .0L o w  fr e q u e n c y  v a r ia tio n  fla t f ie ld  file  n a m eD E Flfltf ile
5 .0 , 7 .9P ix e l to  p ix e l fla t f ie ld  file  n a m eD E Fp f ltfile

7 .1 0  R e p a ir  th r e s h o ld  f o r a u to m a tic  r e p a ir o f  h o t
p ix e ls  ( c o u n ts /s e c o n d )

0h r e p a ir

7 .1 0  D a rk  r a te  th re s h o ld  f o r  fla g g in g  CCD  p ix e l a s
w a rm  (c o u n ts /s e c o n d )

0 .0 5  (CCD )w a r m th r e s h

7 .1 0  D a rk  r a te  th re s h o ld  f o r  fla g g in g  CCD  p ix e l a s
h o t ( c o u n ts /s e c o n d )

0 .2  (CCD )
5 e -5  ( M A M A )

h o tth r e s h
5 .0 , 7 .1 0N a m e  o f  th e  b a d  p ix e l ta b leD E Fb p x ta b
5 .0 , 7 .1 0N a m e  o f  th e  h o t p ix e l ta b leD E Fh p x ta b
5 .0 , 7 .8N a m e  o f  th e  d e te c to r d a r k  im a g e  f ileD E Fd a rk f ile

5 .0 , 7 .3 ,
7 .7

N a m e  o f  th e  CCD  p a r a m e te r  ta b leD E Fc c d p a r
5 .0 , 7 .6N a m e  o f  th e  CCD  b ia s  im a g e  f ileD E Fb ia s f ile

8 .6H e lio c e n tr ic  c o rr e c tio n  o f th e  w a v e le n g th s
( 0  -  n o , 1 -y e s )

1h e lio

S e c t io n sDe s c r ip tio nDe fa u lt  V a lu eP a r a m e t e r
N a m e

CA L S T IS  V e rs io n  7 .2 A u g u s t, 2 0 0 3

7



7 .1 2Y - m a g n if ic a tio n  f a c to r  fo r  o u tp u t c a m e r a
m o d e  im a g e

0g e o m y m a g

7 .1 2X - m a g n if ic a tio n  f a c to r  fo r  o u tp u t c a m e r a
m o d e  im a g e

0g e o m x m a g

7 .1 2M a g n if ic a tio n  f a c to r  fo r  o u tp u t c a m e r a  m o d e
im a g e

1g e o m m a g

7 .1 2Y -P ix e l lo c a tio n  in  th e  in p u t im a g e  to  b e
m a p p e d  to  th e  c e n te r o f  th e  o u tp u t im a g e

5 1 1 .5g e o m y c

7 .1 2X -P ix e l lo c a tio n  in  th e  in p u t im a g e  to  b e
m a p p e d  to  th e  c e n te r o f  th e  o u tp u t im a g e

5 1 1 .5g e o m x c

7 .1 2N u m b e r  o f r o w s  in  o u tp u t g e o m e tric a lly
c o r re c te d  c a m e r a  m o d e  im a g e

0g e o m y s iz

7 .1 2N u m b e r  o f c o lu m n s  in  o u tp u t g e o m e tric a lly
c o r re c te d  c a m e r a  m o d e  im a g e   (if  n o t
s p e c if ie d  it is  s e le c te d  b y  ro u tin e  d e p e n d in g
o n  r o ta tio n  a n d  m a g n if ic a tio n )

0g e o m x s iz
7 .1 2Ca m e r a  m o d e  ro ta tio n  a n g le0g e o m r o t

9 .2W a v e le n g th  o f is o la te d  lin e  fo r  s e le c tio n  o f
th e  s e n s itiv ity  v a lu e  fo r  e x te n d e d  s o u r c e
e x tr a c tio n  f lu x  c a lib ra tio n

0e s s n w a v e

9 .2F la g  to  s p e c if y  th a t th e  c o r r e c tio n  f o r  th e
p o in t s o u r c e  s lit th ro u g h p u t s h o u ld  b e  a p p lie d
in  a n  e x te n d e d  s o u rc e  c a lib ra tio n .

1e s p s

9 .2E x tr a c tio n  re g io n  w id th  ( e x tr a c tio n  s lit
h e ig h t)  fo r  a d ju s tin g  e x te n d e d  s o u r c e  f lu x
le v e ls

6 0 0e s g w id th

9 .2Co n v e rt e x te n d e d  s o u rc e  e x tra c tio n  to
s u r fa c e  b rig h tn e s s  flu x  u n its

0s u rf a c e b

9 .1O u tp u t w a v e le n g th s  o n  a n  e q u a l d e lta
lo g (w a v e le n g th )  s c a le  (0 - n o , 1 -y e s )

0e s lo g l

9 .1Ce n tr a l lin e  p o s itio n  o f th e  o u tp u t e x te n d e d
s o u r c e  im a g e

5 1 1 .5e s c e n tl

9 .1Ce n tr a l w a v e le n g th  o f  th e  o u tp u t e x te n d e d
s o u r c e  im a g e  ( d e f a u lt is  th e  w a v e le n g th  a t th e
c e n te r  o f  th e  in p u t im a g e )

0e s c e n tw

9 .1N u m b e r  o f lin e s  in  th e  o u tp u t e x te n d e d
s o u r c e  im a g e

1 ,0 6 4e s n lo u t

9 .1N u m b e r  o f s a m p le s  in  th e  o u tp u t e x te n d e d
s o u r c e  im a g e

1 ,0 6 4e s n s o u t

S e c t io n sDe s c r ip tio nDe fa u lt  V a lu eP a r a m e t e r
N a m e
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CA L S T IS  a d d s  a ll o f  th e s e  p a r a m e te rs  to  th e  F IT S  h e a d e r  w h ic h  is  in c lu d e d  in  th e  o u tp u t d a ta
f ile s .  In  th e  c a s e  o f  re f e re n c e  file  n a m e s  w ith  a  v a lu e  o f D E F , CA L S T IS  r e p la c e s  th e  D E F  w ith
th e  a c tu a l r e f e re n c e  file  n a m e  s e le c te d .

5 .0  C A L S T I S  R e f e r e n c e  F ile s

T h e  f o llo w in g  c a lib r a tio n  r e f e re n c e  file s  c a n  b e  s p e c ifie d  in  th e  u s e r  p a ra m e te rs :

b ia s f ile  -  CCD  b ia s  im a g e
c c d p a r  - CCD  p a r a m e te r ta b le
d a r k f ile  -  d e te c to r  d a rk  r a te  im a g e
h p x t a b  -  h o t p ix e l ta b le
b p x t a b  -  b a d  p ix e l ta b le
p f ltf ile  -  p ix e l to  p ix e l fla t f ie ld
lf lt f ile  -  lo w  f re q u e n c y  f la t fie ld
d f ltf ile  -  d e lta  f la t f ie ld
g e o m f ile  -  c a m e ra  m o d e  g e o m e tr ic  d is to r tio n  m a p s
e x tt a b  -  e x tr a c tio n  p o s itio n  ta b le  ( s p a tia l d is to r tio n  ta b le  fo r  e x te n d e d  s o u rc e  c a lib ra tio n s )
d c t a b  - d is p e rs io n  c o e f fic ie n t ta b le
m s m ta b  -  e c h e lle  d is p e rs io n  c o e f fic ie n t c o rr e c tio n  ta b le  f o r  th e  M A M A  m o n th ly  o ff s e ts .
ia c t a b  -  in c id e n c e  a n g le  c o r re c tio n  ta b le
a n g le ta b  -  ta b le  o f a n g le s  f o r th e  lo n g  s lits
s c a le t a b  - ta b le  o f  p la te  s c a le s  f o r e a c h  g ra tin g  m o d e
s e n s ta b  -  s e n s itiv ity  ta b le
p c t ta b  -  s e n s itiv ity  c o rr e c tio n  v e r s u s  e x tr a c tio n  G W ID T H
a p t ta b  - p o in t s o u r c e  a p e r tu r e  th r o u g h p u t ta b le
a p d t a b  -  a p e r tu re  d e s c r ip tio n  ta b le

T h e  u s e r c a n  s p e c ify  a  file n a m e , D E F , o r  N O N E  f o r  th e  p a ra m e te r  v a lu e  g iv in g  a  r e fe r e n c e  f ile .
A  v a lu e  o f N O N E  in d ic a te s  th e  p r o c e s s in g  s te p  s h o u ld  b e  s k ip p e d .  A  v a lu e  o f D E F  in d ic a te s
th a t th e  d e f a u lt re f e re n c e  file  s h o u ld  b e  s e le c te d  fo r  th e  o b s e rv a tio n ’ s  d a te  a n d  o b s e r v in g
c o n fig u ra tio n . T h e  d e f a u lt re f e re n c e  file s  c a n  b e  f o u n d  in  th e  te x t f ile , c a ls tis _ r e f.tx t, ta b u la te d
b y  r e fe r e n c e  f ile  ty p e , o b s e r v in g  c o n f ig u r a tio n , a n d  M o d ifie d  J u lia n  D a te  ( g iv in g  th e  u s e  a fte r
d a te ) .  T h e  file  c a ls tis _ r e f .tx t c a n  b e  f o u n d  in  in  th e  s o f tw a re  lib r a ry  in  a  d ire c to ry  s p e c ifie d  b y
th e  e n v iro n m e n ta l v a ria b le , S CA L .  S CA L  a ls o  s h o w s  th e  lo c a tio n  o f w h e r e  th e  c a lib r a tio n
r e f e re n c e  file s  a r e  s to re d .  O n  th e  S T IS  te a m  c o m p u te r  s y s te m s  a t G S F C, c a ls tis _ r e f .tx t c a n  b e
f o u n d  in :

/s tis 0 /d a ta /c a l/c a ls tis _ r e f .tx t

T o  lim it th e  s iz e  o f c a ls tis _ r e f .tx t, it m a y  c o n ta in  p o in te rs  to  o th e r  te x t f ile s  in  th e  s a m e  d ir e c to ry .
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6 .0  C A L S T I S  P r o c e s s in g  S t e p s

CA L S T IS  p e r fo r m s  th e  fo llo w in g  im a g e  p r o c e s s in g  s te p s  o n  a ll o b s e rv a tio n s  to  g e n e r a te  a  fla t
f ie ld e d  c o u n t ra te  im a g e  ( d e ta ils  c a n  b e  f o u n d  in  s e c tio n  7 ) :

� Co n v e r s io n  o f  M A M A  d a ta  to  L o -R e s� O v e r s c a n  b ia s  le v e l s u b tra c tio n  (CCD  o n ly )� S ta tis tic a l e rr o r  in itia liz a tio n� Co s m ic  r a y  r e je c tio n  (CCD  o n ly  fo r  m u ltip le  re a d o u t o b s e r v a tio n s  w h e n  th e  k e y w o rd
in p u t /CR _ R E J E CT  is  s e t)� G e n e r a tio n  o f th e  D o p p le r  s m o o th in g  f u n c tio n  f o r s m o o th in g  th e  d a rk  r a te  f ile , th e  f la t
f ie ld s , a n d  th e  b a d  p ix e l ta b le  f ile s  (M A M A  o b s e r v a tio n s  o n ly  w ith  D o p p le r  c o rr e c tio n
e n a b le d )� B ia s  im a g e  s u b tr a c tio n  (CCD  o n ly )� Co n v e r s io n  to  c o u n t r a te s  (in c lu d in g  th e  M A M A  g lo b a l n o n - lin e a rity  c o rr e c tio n )� S u b tra c tio n  o f  a  d a r k  r a te  im a g e� D iv is io n  b y  a  f la t fie ld  im a g e� B a d /h o t p ix e l p r o c e s s in g

F o r  c a m e ra  m o d e  im a g e s , th e  f o llo w in g  a d d itio n a l s te p  is  a v a ila b le :

� Co rr e c tio n  f o r  g e o m e tr ic  d is to r tio n  ( S e c tio n  7 .1 2 )

F o r  a  p o in t s o u r c e  s p e c tra l e x tr a c tio n , th e  f o llo w in g  a d d itio n a l s te p s  a r e  p e rf o rm e d  (d e ta ils  c a n
b e  fo u n d  in  s e c tio n  8 ).

� p o in t s o u r c e  s p e c tr a l lo c a tio n� g ro s s  a n d  b a c k g r o u n d  s p e c tra l e x tr a c tio n� b a c k g r o u n d  p r o c e s s in g  a n d  s u b tr a c tio n� w a v e le n g th  a s s ig n m e n t� c o n v e rs io n  to  a b s o lu te  flu x  u n its� h e lio c e n tr ic  w a v e le n g th  c o rr e c tio n

F o r  e x te n d e d  s o u rc e  e x tr a c tio n s  (s e c tio n  9 ) a s  in d ic a te d  b y  th e  u s e r p a r a m e te r , E X T E N D E D = 1 ,
th e  f o llo w in g  s te p s  a re  p e r fo r m e d :

� w a v e le n g th  a s s ig n m e n t� h e lio c e n tr ic  w a v e le n g th  c o rr e c tio n� 2 - D  im a g e  re c tif ic a tio n

7 .0  I m a g e  P r o c e s s in g  S t e p s

R o u tin e  im a g e  p r o c e s s in g  g e n e ra te s  a  f la t fie ld e d  im a g e  in  u n its  o f  s u rf a c e  b r ig h tn e s s .  F o r  th e
M A M A  d e te c to r , th e  u n its  a re  c o u n ts /s e c o n d /L o -r e s  p ix e l.  F o r th e  CCD , th e  u n its  a r e
e le c tro n s /s e c o n d /u n b in n e d  CCD  p ix e l.  T h e s e  u n its  c a n  e a s ily  b e  c o n v e r te d  to  o th e r  u n its  u s in g
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a v a ila b le  k e y w o rd  v a lu e s  in  th e  o u tp u t h e a d e r.  F o r  e x a m p le , L e t H  b e  th e  o u tp u t h e a d e r  f ro m
CA L S T IS  a n d  I M A G E  b e  th e  f la t fie ld e d  im a g e .  T o  c o n v e rt M A M A  d a ta  to  c o u n ts /L o -R e s
P ix e l u s e :

I M A G E  =  I M A G E  *  s x p a r (H ,’E X P T I M E ’)

T o  c o n v e rt CCD  d a ta  to  c o u n ts /o rig in a l b in n e d  p ix e l s iz e  u s e :

b in x  =  s x p a r (H ,’ B I N A X I S1 ’ )> 1
b in y  =  s x p a r (H ,’B I N A X I S2 ’) > 1
g a in  =  s x p a r (H ,’ C C D G A I N ’)
e x p tim e  =  s x p a r (H ,’E X P T I M E ’)
I M A G E  =  I M A G E  *  b in x  *  b in y  *  e x p tim e  / g a in

T h e  f o llo w in g  s e c tio n s  d e s c r ib e  th e  im a g e  p r o c e s s in g  s te p s  p e r f o rm e d  o n  a ll d a ta .

7 .1  C o n v e r s io n  o f  M A M A  Da t a  t o  L o - R e s

M A M A  d a ta  a r e  ta k e n  in  H i-R e s  m o d e , b u t ty p ic a lly  r e d u c e d  a fte r c o n v e r s io n  to  L o - R e s .  T h e
c o n v e rs io n  is  d o n e  b y  b in n in g  th e  ra w  2 0 4 8  x  2 0 4 8  H i-R e s  a r ra y  to  a  1 0 2 4  x  1 0 2 4  a rr a y .  E a c h
L o -R e s  p ix e l c o n ta in s  th e  to ta l c o u n ts  ( n o t th e  a v e ra g e ) o f  4  H i-R e s  p ix e ls .

7 .2  O v e r s c a n  S u b t r a c t io n

F o r  a ll CCD  o b s e r v a tio n s , CA L S T IS  s u b tra c ts  a  b ia s  le v e l c o m p u te d  fr o m  th e  s e ria l o v e r s c a n . 
T h e  im a g e  is  f ir s t r o ta te d  to  d e te c to r c o o r d in a te s  s o  th a t th e  tr a ilin g  o v e r s c a n  is  a t th e  r ig h t s id e
o f  th e  im a g e  a n d  th e  p a ra lle l o v e r s c a n  is  a t th e  to p  o f  th e  im a g e . A  b ia s  le v e l is  c o m p u te d  f o r
e a c h  r o w  o f  th e  im a g e  b y  ta k in g  th e  m e d ia n  d a ta  v a lu e  in  th e  tr a ilin g  s e r ia l o v e r s c a n .  T h e
f o llo w in g  ta b le  g iv e s  th e  p ix e l r a n g e  u s e d  fo r  th e  v a r io u s  b in n in g  f a c to rs  ( k e y w o r d  B IN A X IS 1 )
in  th e  s e ria l d ire c tio n  ( N o te : th e  firs t p ix e l in  th e  r o w  is  p ix e l 0 ):

S e r ia l B in  F a c to r   O v e r s c a n  p ix e ls

0     1 0 4 3  to 1 0 6 1
1      1 0 4 3  to  1 0 5 3
2      5 2 2  to  5 3 1
4      2 6 1  to  2 7 0

A  s e r ia l b in  f a c to r  o f 0  in d ic a te s  n o  b in n in g  in  e ith e r d ire c tio n .  T h e  m e d ia n  v a lu e  o f  a ll o v e rs c a n
v a lu e s  ( o n e  v a lu e  p e r  im a g e  ro w ) is  c o m p u te d .  V a lu e s  m o r e  th a n  tw ic e  th e  m e d ia n  o r le s s  th a n
h a lf  o f  th e  m e d ia n  a re  ig n o r e d .  A  lin e a r  fit v e r s u s  r o w  n u m b e r is  m a d e  to  th e  r e m a in in g  v a lu e s
a n d  e v a lu a te d  f o r e a c h  ro w  o f th e  im a g e .  T h e  f itte d  o v e r s c a n  v a lu e  fo r  e a c h  r o w  is  th e n
s u b tr a c te d  f ro m  a ll p ix e ls  w ith in  th e  r o w .  T h e  o v e r s c a n  r e g io n s  a re  trim m e d  fr o m  th e  im a g e  a n d
th e  im a g e  is  th e n  ro ta te d  b a c k  to  th e  o r ig in a l d a ta  c o o rd in a te s .
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F o r  fu ll f r a m e  im a g e s  ( in c lu d in g  b in n e d  o n e s ) , a n  o v e r s c a n  p la n e  is  c re a te d  u s in g  b o th  th e  s e r ia l
a n d  p a ra lle l o v e r s c a n  r e g io n s .  T h e  ta b le  b e lo w  lis ts  th e  p ix e l ra n g e s  u s e d  in  th e  p a ra lle l
d ire c tio n :

P a r a lle l B in  F a c to r O v e r s c a n  p ix e ls

0   1 0 2 4  to  1 0 4 3
1   1 0 2 4  to  1 0 3 3
2   5 1 2  to  5 2 1
4   2 5 6  to  2 6 5

A s  w ith  th e  s e ria l o v e r s c a n , a  lin e a r f it v e r s u s  c o lu m n  n u m b e r is  m a d e  to  th e  u n -r e je c te d
o v e rs c a n  p ix e ls .  T h e  o v e rs c a n  p la n e  is  c o m p u te d  u s in g  th e  s e r ia l o v e rs c a n  v e c to r a s  th e  in te r c e p t
f o r th e  la s t c o lu m n  in  th e  p la n e . T h e  p a r a lle l o v e r s c a n  v e c to r  is  u s e d  to  d e f in e  th e  s lo p e  o f  e a c h
r o w .  T h e  o v e rs c a n  p la n e  is  s u b tra c te d  f r o m  th e  im a g e .

7 .3  S t a t is t ic a l E r r o r  I n it ia liz a t io n

CA L S T IS  a s s ig n s  a n  e rr o r to  e a c h  r a w  d a ta  v a lu e  u s in g  th e  f o rm u la

E rro r = D
G a in + (

�
r

G a in ) 2

w h e r e ,
D  is  th e  d a ta  v a lu e  c lip p e d  to  b e  g re a te r  th a n  o r  e q u a l to  M I N E R R V .
G a in  is  th e  CCD  g a in  f a c to r

 is  th e  CCD  r e a d o u t n o is e  in  e le c tro n s  p e r s e c o n d .�� ��
r

M I N E R R V  is  th e  m in im u m  P o is s o n  v a r ia n c e  (d e f a u lt =  0 )

T h e  v a lu e s  o f  G a in  a n d   a r e  e x tr a c te d  fr o m  th e  CCD  p a ra m e te r  ta b le  c o n tro lle d  b y  u s e r�
r

p a ra m e te r  CCD P A R .  F o r M A M A  o b s e r v a tio n s , G a in  =  1  a n d   =  0 .�
r

T h e  s ta tis tic a l in itia liz a tio n  s te p  a ls o  f la g s  s a tu r a te d  CCD  p ix e ls  w ith  a  d a ta  q u a lity  (e p s ilo n )  o f
1 9 0 .  T h e  s a tu r a tio n  le v e ls  f o r  th e  v a rio u s  CCD  a m p lifie r a n d  g a in  s e ttin g s  a r e  s to re d  in  th e  CCD
p a ra m e te r  ta b le , CCD P A R .

7 .4   C o s m ic  R a y  R e m o v a l

If  th e  k e y w o rd  p a r a m e te r  /CR _ R E J E CT  is  s u p p lie d  in  th e  c a llin g  s e q u e n c e , CA L S T IS  w ill
c o m b in e  th e  m u ltip le  r e a d o u ts  o f a  CCD  o b s e rv a tio n  w ith  c o s m ic  ra y  r e m o v a l u s in g  th e  r o u tin e s
S T IS _ CR  a n d  CR _ R E J E CT .  S T IS _ CR  f o rm a ts  th e  ra w  im a g e s  in to  a  d a ta  c u b e  a n d  a  s ta tis tic a l
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e rr o r  c u b e .  T h e s e  a re  p a s s e d  to  CR _ R E J E CT  w h ic h  u s e s  a n  ite r a tiv e  c o s m ic  r a y  re je c tio n
a lg o r ith m .

7 .5  Do p p le r  S m o o t h in g  F u n c t io n

W h e n  o n -b o a r d  D o p p le r c o m p e n s a tio n  is  u s e d , e a c h  o u tp u t d a ta  v a lu e  c a n  b e  a c c u m u la te d  f r o m
d a ta  ta k e n  a t m u ltip le  d e te c to r  p ix e l lo c a tio n s .  In  th is  c a s e , it is  n e c e s s a r y  to  “ s m o o th ”  th e  in p u t
r e f e re n c e  file s .

1 )  T h e  o b s e r v a tio n  is  d iv id e d  in to  1  s e c o n d  in te rv a ls  fr o m  o b s e r v a tio n  s ta rt to  o b s e r v a tio n  e n d .

2 )  T h e  D o p p le r  s h if t (in  H i-R e s  p ix e ls )  is  c o m p u te d  f o r e a c h  1  s e c o n d  in te r v a l b y :

S h ift = D o p p m a g � s in ( 2 � T
P e rio d )

    w h e r e ,
D o p p m a g  is  th e  D o p p le r m a g n itu d e  in  H i- R e s  p ix e ls  (h e a d e r k e y w o r d  D O P P M A G )
P e r io d  is  th e  o r b ita l p e r io d  ( h e a d e r  k e y w o rd  O R B IT P E R )
T  is  th e  tim e  s in c e  th e  D o p p le r Z e r o  tim e  ( h e a d e r  k e y w o rd  D O P P Z E R O )

3 )  A  s m o o th in g  v e c to r D S  o f le n g th  D o p p m a g * 2 + 1  is  a c c u m u la te d  b y  a d d in g  1  to  
    D S (D o p p m a g + S h ift) f o r th e  s h if t c o m p u te d  f o r e a c h  o n e  s e c o n d  in te r v a l.  T h is  is  a  h is to g ra m  
    o f  th e  s h if ts .

4 )  D S  is  th e n  n o rm a liz e d  b y  th e  to ta l n u m b e r o f  1  s e c o n d  in te r v a ls .

T h e  D o p p le r s m o o th in g  fu n c tio n , D S , n o w  c o n ta in s  th e  f r a c tio n a l a m o u n t o f tim e  th a t e a c h  s h ift
w a s  u s e d  a n d  c a n  b e  c o n v o lv e d  w ith  a  H i- R e s  c a lib ra tio n  r e fe r e n c e  im a g e  to  g e n e ra te  a n
a p p ro p r ia te  D o p p le r s m o o th e d  r e f e re n c e  im a g e .

7 .6  B ia s  I m a g e  S u b t r a c t io n

A  “ s u p e r”  b ia s  im a g e  is  s u b tra c te d  f r o m  CCD  o b s e r v a tio n s  a s  s p e c if ie d  b y  th e  u s e r  p a ra m e te r
B IA S F IL E .  T h e  d e f a u lt b ia s  im a g e  is  s e le c te d  b y  th e  v a lu e s  o f th e  h e a d e r  k e y w o r d s  CCD A M P ,
CCD G A IN , CCD O F F S T , B IN A X IS 1 , a n d  B IN A X IS 2 .  If th e  in p u t im a g e  w a s  a  c o m b in a tio n  o f
r e a d o u ts  (c o s m ic  ra y  re m o v a l) , th e n  th e  b ia s  im a g e  is  m u ltip lie d  b y  th e  n u m b e r  o f im a g e s
c o m b in e d  (a s  s to r e d  in  th e  h e a d e r  k e y w o r d  N CO M B IN E )  b e f o r e  s u b tra c tio n .

7 .7  C o n v e r s io n  t o  C o u n t  R a t e s

T h e  in p u t im a g e  in  c o u n ts  is  c o n v e rte d  to  c o u n t ra te s  ( c o u n ts /s e c o n d /L o - R e s  p ix e l f o r th e
M A M A  d e te c to r s  a n d  e le c tro n s /s e c o n d /p ix e l f o r th e  CCD ) b y  d iv id in g  b y  th e  in te g r a tio n  tim e ,
m u ltip ly in g  b y  th e  CCD  G a in , a n d  d iv id in g  b y  a  b in n in g  f a c to r .  T h e  b in n in g  fa c to r  h a s  th e  v a lu e
o f  B IN A X IS 1  tim e s  B IN A X IS 2  f o r th e  CCD ,  1 .0  fo r  M A M A  L o - R e s  p ro c e s s in g , a n d  0 .2 5  fo r
M A M A  H i- R e s  p r o c e s s in g .  T h e  c a lib r a te d  v a lu e  o f  th e  CCD  G a in  is  r e a d  fr o m  th e  CCD
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p a ra m e te r  ta b le , CCD P A R .  S ta tis tic a l e r r o r p r o p a g a tio n  is  d o n e  b y  a p p ly in g  th e  s a m e  o p e r a tio n s
to  th e  p r o p a g a te d  e r ro r  im a g e .

M A M A  o b s e r v a tio n s  a r e  a ls o  c o rr e c te d  fo r  a  g lo b a l n o n -lin e a r ity  b y  m u ltip ly in g  e a c h  d a ta  v a lu e

b y  , w h e r e  ta u  is  a n  in p u t u s e r  p a r a m e te r a n d  tru e  is  th e  tru e  g lo b a l c o u n t r a te .  T oe −ta u � tru e

tu rn  o f f th e  M A M A  g lo b a l n o n - lin e a r ity  c o r r e c tio n , s e t th e  u s e r p a r a m e te r  ta u  to  z e ro .  N o te , th a t
th e  f o r m u la  n e e d s  th e  tr u e  g lo b a l c o u n t ra te .  S in c e  w e  o n ly  k n o w  th e  o b s e r v e d  c o u n t r a te  th e
tru e  g lo b a l c o u n t r a te  is  c o m p u te d  ite r a tiv e ly  fr o m  th e  o b s e r v e d  g lo b a l c o u n t r a te  b y :

tru e  =  o b s ;s ta rt w ith  th e  o b s e rv e d  c o u n t r a te
f o r i= 1 ,1 0  d o  tru e  =  o b s /e x p (ta u * tr u e )

7 .8  Da r k  R a t e  I m a g e  S u b t r a c t io n

CA L S T IS  s u b tra c ts  a  d a r k  ra te  im a g e  s e le c te d  b y  th e  p a ra m e te r  D A R K F I L E .  If  th e  d a r k  ra te
c a lib ra tio n  r e fe r e n c e  im a g e  is  f o r a  d iff e re n t b in n in g , it is  r e b in n e d  to  th e  s a m e  b in n in g  a s  th e
o b s e rv a tio n  b e f o re  s u b tr a c tio n . N o r m a lly , th e  r e fe r e n c e  f ile s  w ill b e  u n b in n e d  CCD  d a rk  r a te  a n d
L o -R e s  M A M A  d a rk  r a te  im a g e s .  If D o p p le r  c o m p e n s a tio n  is  e n a b le d , th e  M A M A  d a rk s  a re
e x p a n d e d  to  2 0 4 8  b y  2 0 4 8  th e n  s m o o th e d  b y  th e  D o p p le r  s m o o th in g  f u n c tio n  ( s e c tio n  7 .5 ) .  If
L o -R e s  p r o c e s s in g  is  b e in g  p e r fo r m e d , th e  d a r k  is  th e n  re b in n e d  to  L o - R e s  b e f o r e  s u b tra c tio n .

F o r  d a ta  ta k e  a fte r th e  s w itc h  to  th e  r e d u n d a n t s id e  2  e le c tro n ic s  ( s in c e  J u ly  2 0 0 1 )  th e  CCD  d a r k s
a re  a d ju s te d  fo r  th e  CCD  te m p e r a tu r e . S id e  2  d o e s  n o t h a v e  a  f u n c tio n in g  te m p e ra tu re  s e n s o r f o r
th e  CCD , a n d  s o  a  c o n s ta n t c u r r e n t is  a p p lie d  to  th e  th e rm o e le c tr ic  c o o le r.  T h is  re s u lts  in  m u c h
la r g e r te m p e r a tu r e  v a r ia tio n s  th a n  w e re  p r e s e n t d u rin g  s id e  1  o p e ra tio n s .  CA L S T IS  u s e s  th e
CCD  h o u s in g  te m p e r a tu r e  (O CCD H T A V )  to  e s tim a te  th e  CCD  te m p e r a tu r e .   T o  a c c o u n t f o r th e
c h a n g e  in  d a rk  r a te  v e rs u s  te m p e ra tu re , th e  d a r k s  a re  s c a le d  b y  1 + 0 .0 7 * ( O CCD H T A V - 1 8 .0 ),
w h e r e  O CCD H T A V  is  th e  CCD  h o u s in g  te m p e ra tu re  f o r th e  o b s e r v a tio n  a n d  th e  r e f e re n c e  d a rk
is  a d ju s te d  f o r a  CCD  h o u s in g  te m p e r a tu r e  o f 1 8  d e g re e s  C. ( s e e  S T  S c I In s tr u m e n t S c ie n c e
R e p o r t S T IS  2 0 0 1 - 0 3 , T . B r o w n , " T e m p e ra tu re  D e p e n d e n c e  o f  th e  S T IS  CCD  D a rk  R a te  D u r in g
S id e -2  O p e r a tio n s " )

N o  c h a n g e s  to  th e  p r o p a g a te d  s ta tis tic a l e r ro r s  a re  d o n e  d u rin g  d a rk  r a te  s u b tr a c tio n .

7 .9  F la t  F ie ld  P r o c e s s in g

T h e  S T IS  fla t f ie ld s  c o n s is t o f  th re e  c o m p o n e n ts : a  p ix e l- to - p ix e l f la t fie ld ; a  lo w  fr e q u e n c y
v a ria tio n  f la t fie ld ; a n d  a  d e lta  f la t fie ld . T h e s e  th re e  c o m p o n e n ts  a r e  s e le c te d  b a s e d  o n  th e  v a lu e s
o f  th e  p a ra m e te r s : P F L T F I L E , L F L T F I L E , a n d  D F L T F I L E .  CA L S T IS  c o m b in e s  th e  th r e e
c o m p o n e n ts , o p tio n a lly  s m o o th e s  b y  th e  D o p p le r  s m o o th in g  f u n c tio n , r e b in s  th e  f la ts  to  th e
b in n in g  o f  th e  o b s e rv a tio n  b e in g  p r o c e s s e d , a n d  d iv id e s  th e  r e b in n e d  fla t in to  th e  d a ta  a n d  th e
a s s o c ia te d  s ta tis tic a l e r r o r a r ra y .

7 .1 0  B a d /H o t  P ix e l P r o c e s s in g
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T h e  p a ra m e te r s  B P X T A B  a n d  H P X T A B  s p e c if y  th e  b a d  p ix e l a n d  h o t p ix e l ta b le s  u s e d  b y
CA L S T IS .  B P X T A B  c o n ta in s  c o lu m n s  A X I S 1 , A X I S 2 , a n d  F L A G , w h e re  A X IS 1  a n d  A X I S 2  g iv e
th e  c o lu m n  a n d  r o w  o f  th e  b a d  p ix e l, a n d  F L A G  g iv e s  th e  d a ta  q u a lity  o r e p s ilo n  v a lu e  f o r th e
p ix e l. F o r  M A M A  o b s e rv a tio n s , A X IS 1  a n d  A X I S 2  a re  g iv e n  in  L o -R e s  p ix e l c o o r d in a te s .  A
g iv e n  d a ta  q u a lity  f la g  is  th e r e f o r e  p r o p a g a te d  to  4  H i- R e s  p ix e ls  d u r in g  H i- R e s  p ro c e s s in g .
CA L S T IS  f la g s  e a c h  im a g e  p ix e l w ith  th e  m a x im u m  F L A G  v a lu e  a s s o c ia te d  w ith  th e  p ix e l ( in
th e  c a s e  o f b in n e d  d a ta , m u ltip le  d e te c to r  p ix e ls  c o n tr ib u te  a  s in g le  d a ta  v a lu e ).  If  th e  d a ta
q u a lity  v a lu e  o f  th e  p ix e l is  a lr e a d y  g re a te r  th a n  a n y  o f  th e  f la g s  in  th e  b a d  p ix e l ta b le , it is  le ft a s
is .  If D o p p le r  c o m p e n s a tio n  is  e n a b le d , b a d  p ix e l d a ta  q u a lity  f la g s  a re  p r o p a g a te d  to  a n y  d a ta
v a lu e  in  w h ic h  th e  d e te c to r e le m e n t c o n trib u te d .

T h e  h o t p ix e l ta b le  c o n ta in s  c o lu m n s , A X IS 1 , A X IS 2 , a n d  R A T E .  R A T E  g iv e s  th e  e s tim a te d
d a rk  r a te  f o r  th e  p ix e l in  c o u n ts  o r e le c tr o n s  p e r  s e c o n d .  T w o  CA L S T IS  p a r a m e te r s ,
H O T T H R E SH  a n d  W A R M T H R E SH  a r e  u s e d  to  d e te rm in e  w h ic h  p ix e ls  a r e  f la g g e d  a s  H O T  o r
W A R M .  A n y  p ix e ls  w ith  a  d a rk  r a te  g re a te r  th a n  th e  th r e s h o ld s  w ill b e  f la g g e d  w ith  a  q u a lity
v a lu e  o f  1 8 0  if  H O T , a n d  1 5 0  if  W A R M .

CA L S T IS  a ls o  h a s  th e  o p tio n  to  r e p a ir  h o t p ix e ls  u s in g  th e  v a lu e s  o f  th e  n e ig h b o r in g  p ix e ls .
Ca r e  s h o u ld  b e  ta k e n  w h e n  in te r p re tin g  r e s u lts  w ith  th e  h o t p ix e ls  r e p a ire d .  T h e  p a r a m e te r ,
H R E P A I R , is  u s e d  to  s p e c ify  h o t p ix e l re p a ir .  If  H R E P A I R  =  0 .0 , n o  h o t p ix e l re p a ir is
p e rf o r m e d .

If  H R E P A I R  is  g r e a te r th a n  0 , a ll p ix e ls  w ith  a  d a rk  r a te  in  th e  h o t p ix e l ta b le  g re a te r  th a n
H R E P A I R  a re  r e p la c e d  b y  th e  a v e r a g e  o f  its  8  n e ig h b o rs  w ith  d a ta  q u a lity  v a lu e s  le s s  th a n  1 2 5 .
R e p a ire d  p ix e ls  a re  f la g g e d  w ith  a  d a ta  q u a lity  o f  1 2 5 .  If  a ll n e ig h b o rs  h a v e  d a ta  q u a lity  v a lu e s
g re a te r  th a n  o r  e q u a l to  1 2 5 , th e  p ix e l v a lu e  is  s e t to  0  a n d  th e  d a ta  q u a lity  is  s e t to  2 5 2 .

If  H R E P A I R  is  s e t to  a  v a lu e  le s s  th a n  z e r o , T h e  a b s o lu te  v a lu e  o f H R E P A I R  is  u s e d  a s  th e
th re s h o ld , b u t o n ly  th e  le ft-  a n d  r ig h t- h a n d  n e ig h b o rs  ( in s te a d  o f  a ll 8  n e ig h b o r s )  a re  a v e ra g e d
w h e n  r e p a ir in g  th e  v a lu e .  H R E P A IR  <  0  is  u s e fu l f o r r e p a ir in g  p o in t s o u r c e  s p e c tr a .

H in t:  F o r  s h o r t e x p o s u r e s , m a n y  o f  th e  h o t p ix e ls  h a v e  n e g lib le  e ff e c t o n  th e  d a ta .
In c re a s e  th e  v a lu e s  o f  H O T T H R E S H  a n d  W A R M T H R E S H  to  a v o id  s o  m a n y  p ix e ls
b e in g  f la g g e d  a s  h o t o r w a r m .  F o r e x a m p le , y o u  m a y  w a n t to  s e t H O T T H R E S H  to
th e  1 0 .0 /(th e  e x p o s u re  tim e ) a n d  W A R M T H R E S H  to  a  v a lu e  3  tim e s  lo w e r . 

7 .1 1  I m a g e  P r o c e s s in g  O u t p u t s

T h e  c a llin g  s e q u e n c e  o f  CA L S T IS  w ith  th e  o u tp u ts  o f  th e  im a g e  p ro c e s s in g  s te p s  s h o w n  in  b o ld
is :
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      C A L S T I S , id , p a ra m s , h , m , w a v e , flu x , e p s f, e rrf, g ro s s , b a c k , n e t, p o s , im a g e , e p s , e r r

W h e re : im a g e  g iv e s  th e  f la t f ie ld e d  c o u n t ra te  im a g e  in  u n its  o f c o u n ts  o r e le c tro n s /s e c o n d /
u n b in n e d  p ix e l; e p s  is  th e  e p s ilo n  o r  d a ta  q u a lity  im a g e  c o n ta in in g  c o d e d  v a lu e s  fo r  e a c h  im a g e
p ix e l a s  d e s c r ib e d  in  a p p e n d ix  A ; a n d  e r r  is  a  p ro p a g a te d  s ta tis tic a l e r r o r im a g e  fo r  im a g e .

In  th e  c a s e  w h e r e  n o  s p e c tr a l p r o c e s s in g  is  p e rf o r m e d  ( e ith e r  a  c a m e ra  m o d e  im a g e  o r  a n  im a g e
p r o c e s s e d  w ith  p a r a m e te r  n o s p e c = 1 ) ,  f lu x , e p s f , a n d  e r r f w ill h a v e  th e  s a m e  v a lu e s  a s  im a g e ,
e p s , a n d  e r r .

T h e  o u tp u ts  o f  th e  im a g e  p ro c e s s in g  s te p s  c a n  a ls o  b e  a u to m a tic a lly  w r itte n  to  a  F IT S  f ile  u s in g
th e  o u tim a g e  u s e r p a r a m e te r  (s e e  s e c tio n  1 0 ) .

7 .1 2  C a m e r a  M o d e  G e o m e t r ic  Dis t o r t io n

T o  tu rn  o n  g e o m e tr ic  d is to r tio n  c o rr e c tio n  fo r  c a m e ra  m o d e  im a g e s , s e t G E O M C O R R = 1  ( th e
d e fa u lt is  G E O M C O R R = 0 ) :

c a ls tis ,id ,'g e o m c o r r = 1 ',h ,m ,w ,im a g e ,e p s ,e r r

T h e  o u tp u t im a g e  w ill n o w  b e  a  g e o m e tr ic a lly  c o r r e c te d  fla t f ie ld e d  c o u n t r a te  im a g e . N o te : fo r
c a m e r a  m o d e  re d u c tio n s , o u tp u t p a r a m e te r s  m  a n d  w  a r e  n o t u s e d .  T h e  v a lu e  o f  G E O M C O R R
h a s  n o  e f f e c t o n  th e  p r o c e s s in g  o f  im a g e s  n o t ta k e n  in  a  c a m e ra  m o d e .

Y o u  c a n  a ls o  h a v e  CA L S T IS  w rite  th e  g e o m e tr ic a lly  c o r r e c te d  im a g e  to  a  file  b y  s e ttin g  th e
p a ra m e te r  O U T G E O M  to  a  f ile  n a m e  o r to  D E F .

c a ls tis ,id ,'g e o m c o r r = 1 ,o u tg e o m = m y f ile .fits '

o r

c a ls tis ,id ,'g e o m c o r r = 1 ,o u tg e o m = d e f '

If  O U T G E O M  is  s e t to  D E F , th e  o u tp u t fits  im a g e  f ile  w ill h a v e  th e  n a m e  g im _ < id > .fits .

If  y o u  w a n t b o th  th e  f la t fie ld e d  im a g e  b e f o r e  a n d  a f te r  g e o m e tr ic  c o r re c tio n , u s e :

   c a ls tis ,id ,'g e o m c o r r = 1 ',h ,m ,w ,g im a g e ,e p s g ,e r r g ,g ,b ,n e t,p o s ,im a g e ,e p s ,e r r

g im a g e , e p s g , a n d  e r r g  w ill c o n ta in  th e  g e o m e tr ic a lly  c o r re c te d  im a g e  a n d  its   a s s o c ia te d  d a ta
q u a lity  im a g e  a n d  p r o p a g a te d  s ta tis tic a l e r ro r  im a g e .    im a g e , e p s  a n d  e r r  w ill c o n ta in  th e  f la t
f ie ld e d  im a g e  w ith o u t g e o m e tric  c o rr e c tio n .    m , w , g , b , n e t, a n d  p o s  a re  n o t u s e d  f o r  c a m e ra
m o d e  im a g e s .
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N o te , th a t if  G E O M C O R R  w a s  n o t s e t to  1 , g im a g e  a n d  im a g e  w o u ld  b o th  c o n ta in  th e  s a m e
im a g e  (th e  fla t f ie ld e d  im a g e  w ith o u t g e o m e tr ic  c o rr e c tio n ).

Ca m e ra  m o d e  im a g e s  c a n  a ls o  b e  c a lib r a te d  in d e p e n d e n tly  o f CA L S T IS  b y  u s in g  th e  ro u tin e
C A L S T I S _ G E O M .  Its  c a llin g  s e q u e n c e  is :

c a ls tis _ g e o m , h , im a g e , e p s , e r r , im a g e _ o u t, e p s _ o u t, e r r _ o u t

w h e r e  h  is  th e  im a g e  h e a d e r a n d   im a g e , e p s  a n d  e r r  a re  th e  in p u t im a g e , d a ta  q u a lity , a n d  e r ro r s .
im a g e _ o u t, e p s _ o u t, a n d  e r r _ o u t a r e  th e  g e o m e tric a lly  c o rr e c te d  r e s u lts .  F o r  e x a m p le :

c a ls tis , id , 'G E O M C O R R = 1 ', h , m , w , g im a g e , g e p s , g e r r

is  e q u iv a le n t to :

c a ls tis ,id ,0 ,h ,m ,w ,im a g e ,e p s ,e r r
c a ls tis _ g e o m ,h ,im a g e ,e p s ,e r r ,g im a g e ,g e p s ,g e r r

T o  g e o m e tric a lly  c o r re c t a  r a w  im a g e  u s e :

s tis _ r e a d ,id ,h ,im a g e
c a ls tis _ g e o m ,h ,im a g e ,0 ,0 ,g im a g e

D u r in g  th e  g e o m e tr ic  c o r re c tio n  o f  a  c a m e ra  m o d e  im a g e , y o u  c a n  o p tio n a lly  c h a n g e  p la te  s c a le ,
c e n te r  p ix e l a n d  ro ta tio n  a n g le  u s in g  th e  f o llo w in g  p a ra m e te r s . T h is  is  u s e f u l f o r m a tc h in g  y o u r
d a ta  to  th e  o r ie n ta tio n  a n d  p la te s c a le  o f  a n  e x is tin g  im a g e  w ith o u t h a v in g  to  p e r f o rm  a n o th e r
in te r p o la tio n  o n  th e  o u tp u t fr o m  CA L S T IS .

g e o m r o t c a m e r a  m o d e  ro ta tio n  a n g le  ( d e f a u lt =  0 .0 )
g e o m x s iz N u m b e r o f  r o w s  in  o u tp u t c a m e ra  m o d e  im a g e

d e fa u lt =  1 0 2 4  *  s q r t(2 )  *  g e o m x m a g  *  
m a x (a b s ([ c o s (g e o m ro t),s in (g e o m ro t)] ) )

g e o m y s iz N u m b e r o f  c o lu m n s  in  o u tp u t c a m e ra  m o d e  im a g e
d e fa u lt =  1 0 2 4  *  s q r t(2 )  *  g e o m y m a g  *  

m a x (a b s ([ c o s (g e o m ro t),s in (g e o m ro t)] ) )
g e o m x c X  P o s itio n  o f  th e  c e n te r  o f th e  o u tp u t im a g e  in  th e  in p u t im a g e

( d e f a u lt =  5 1 1 .5 )
g e o m y c Y  P o s itio n  o f  th e  c e n te r  o f th e  o u tp u t im a g e  in  th e  in p u t im a g e

( d e f a u lt =  5 1 1 .5 )
g e o m m a g m a g n ific a tio n  fa c to r f o r o u tp u t im a g e  ( d e fa u lt =  1 )
g e o m x m a g x - d ir e c tio n  m a g n ific a tio n  fa c to r  f o r o u tp u t im a g e   ( d e f a u lt =  g e o m m a g )
g e o m y m a g y - d ire c tio n  m a g n ific a tio n  fa c to r f o r o u tp u t im a g e  ( d e fa u lt =  g e o m m a g )

N O T E S :
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1 . T h e  m a g n ific a tio n  is  a p p lie d  a fte r th e  ro ta tio n .
2 .  T h e  h e a d e r  a s tr o m e try  is  c o r re c tly  u p d a te d .
3 . g e o m x c  a n d  g e o m y c  a re  th e  c e n te r  o f  a  g e o m e tr ic a lly  c o r re c te d  r a w  im a g e  w ith  n o  r o ta tio n

o r  m a g n if ic a tio n . T h e s e  p a ra m e te r s  a r e  u s e f u l f o r  g e n e r a tin g  a  f ra c tio n a l p ix e l s h if t.
4 . T h e  g e o m e tric  c o r r e c tio n , r o ta tio n , a n d  m a g n if ic a tio n  a r e  a ll a p p lie d  w ith  o n ly  o n e  b ilin e a r

in te r p o la tio n  o f  th e  im a g e .

F o r  E x a m p le , to  g e o m e tr ic a lly  c o r re c t a  f la t f ie ld e d  c o u n t ra te  im a g e  w ith  a  0 .2 5  p ix e l s h if t in  th e
x - d ir e c tio n :

c a ls tis ,id ,'g e o m c o r r = 1 ,g e o m x c = 5 1 1 .7 5 ',h ,m ,w ,im a g e

T o  g e o m e tric a lly  c o r re c t w ith  a  fa c to r o f  2  in c r e a s e d  s a m p lin g :

c a ls tis ,id ,'g e o m c o r r = 1 ,g e o m m a g = 2 ',h ,m ,w ,im a g e

T o  g e o m e tric a lly  c o r re c t a n  im a g e  w ith  a  1 0  d e g re e  r o ta tio n ,1 .0 1  m a g n if ic a tio n  in  th e
y - d ire c tio n , a n d  a  1 0 2 4 x 1 0 2 4  o u tp u t im a g e  s iz e :

p a r  =  'g e o m c o r r = 1 ,g e o m r o t= 1 0 .0 ,g e o m y m a g = 1 .0 1 ,g e o m x s iz = 1 0 2 4 ,g e o m y s iz = 1 0 2 4 '
c a ls tis ,id ,p a r ,h ,m ,w ,im a g e

T o  g e o m e tric a lly  c o r re c t w ith  c u b ic  in te r p o la tio n :

c a ls tis ,id ,'g e o m c o r r = 1 ',h ,m ,w ,im a g e ,e p s ,e r r ,s e n s ,x ,y ,ju n k ,f im a g e
c im a g e  =  in te r p o la te ( f im a g e ,x ,y ,/c u b ic ,m is s in g = 0 )

f im a g e  c o n ta in s  th e  fla t f ie ld e d  im a g e , im a g e  c o n ta in s  th e  g e o m e tr ic a lly  c o r r e c te d  im a g e  u s in g
b ilin e a r  in te r p o la tio n , a n d  c im a g e  c o n ta in s  th e  g e o m e tric a lly  c o rr e c te d  im a g e  u s in g  c u b ic
in te r p o la tio n .

8 .0  P o in t  S o u r c e  S p e c t r a l E x t r a c t io n

8 .1  P o in t  S o u r c e  S p e c t r a l L o c a t io n

T h e  f ir s t s te p  in  p o in t s o u r c e  s p e c tr a l e x tra c tio n  is  to  lo c a te  th e  c e n te r  o f th e  s p e c tru m  in  th e
s p a tia l d ire c tio n .  T h e  r e fe r e n c e  f ile  e x tta b  c o n ta in s  tra c in g s  ( s p a tia l d is to r tio n s ) o f  th e  s p e c tr u m
a t v a r io u s  im a g e  lin e s  (p o s itio n s ) f o r th e  fir s t o r d e r  g ra tin g s  a n d  tr a c in g s  fo r  e a c h  s p e c tr a l o r d e r
a t th e  n o m in a l p o s itio n  f o r e c h e lle  g r a tin g s .  F o r th e  firs t o rd e r  s p e c tra l m o d e s , lin e  p o s itio n  5 1 2
is  u s e d  f o r th e  n o m in a l p o s itio n .  T h e  d e fa u lt e x tta b  is  s e le c te d  b y  th e  o p tic a l e le m e n t a n d  c e n tr a l
w a v e le n g th  o f th e  o b s e r v a tio n . T h e  s p e c tr a l lo c a tio n  is  fo u n d  a s  f o llo w s .
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T h e  n o m in a l p o s itio n  is  m o d ifie d  b y
a n  o p tio n a l u s e r  s u p p lie d  o f f s e t,
p a ra m e te r  s o f f s e t. So ffs e t s h o u ld  b e
s u p p lie d  in  p ix e ls  ( L o -R e s  p ix e ls  f o r
th e  M A M A  e v e n  if  a  H i- R e s
r e d u c tio n  is  b e in g  p e rf o r m e d ) .  T h is
o f fs e t is  a d d e d  to  th e  n o m in a l s p e c tr a l
lo c a tio n  to  d e fin e  th e  c e n te r  o f th e
r e g io n  to  s e a rc h  f o r th e  s p e c tru m .
F ig u r e  8 .1  s h o w s  th e  s h ift o f th e
n o m in a l p o s itio n  ( lo w e r d o tte d  lin e )
to  th e  n e w  p o s itio n  (u p p e r  d o tte d
lin e ) .

T h e  s p e c tr a l tra c in g  a t th e  c e n te r  o f
th e  s e a rc h  a r e a  ( u p p e r d o tte d  lin e  in
f ig u r e  8 .1 )  is  u s e d  a s  a  s p e c tr a l
te m p la te .  T h e  re g io n  p lu s  o r  m in u s
th e  p a r a m e te r  d is t1  a b o u t th e  c e n te r o f
th e  s e a rc h  a r e a  is  s e a r c h e d  b y  c r o s s
c o rr e la tio n  w ith  th is  te m p la te . T h is  r e g io n  is  b e tw e e n  th e  tw o  d a r k  s o lid  lin e s  in  F ig u re  8 .1 .  A t
e a c h  lin e  p o s itio n  in  th is  re g io n , th e  to ta l c o u n ts  a lo n g  th e  tra c in g  s h ifte d  in  in c re m e n ts  o f  1  p ix e l
in  th e  s p a tia l d ire c tio n  a r e  s u m m e d .  T h e  m a x im u m  s u m , c o m p u te d  to  s u b - p ix e ls  b y  q u a d r a tic
r e f in e m e n t, d e f in e s  th e  c e n te r  o f  th e  p o in t s o u r c e  s p e c tr u m  ( s o lid  lin e  a t th e  c e n te r o f  th e
s p e c tr u m  in  F ig u r e  8 .1 ).  F o r  e c h e lle  s p e c tr a , th e  c o rr e la tio n  is  m a d e  u s in g  a ll o r d e rs
s im u lta n e o u s ly  to  o b ta in  a  s in g le  o ff s e t.

O n c e  CA L S T IS  h a s  c o m p le te d  th e  s p e c tra l lo c a tio n , it w ill d is p la y  th e  im a g e  w ith  a n  o v e rla y  s o
th a t th e  u s e r  c a n  v e r if y  th a t th e  s p e c tru m  w a s  p ro p e r ly  lo c a te d .  T h is  o v e rla y  w ill s h o w  th e
r e g io n s  to  b e  e x tra c te d  a s  th e  g r o s s  a n d  th e  b a c k g ro u n d  s p e c tr a .  T o  tu rn  o f f th is  d is p la y , s e t th e
u s e r p a r a m e te r  tr a c e  to  0 .  F o r  w e a k  s p e c tr a , p a r tic u la r ly  w h e n  r e s id u a l c o s m ic  ra y s  o r  h o t p ix e ls
a re  p r e s e n t, s p e c tra l lo c a tio n  m a y  f a il, a n d  th e  tr a c e  d is p la y  is  a  v e ry  u s e f u l v e r if ic a tio n  to o l.

In  th e  e v e n t th a t th e  s p e c tr a l lo c a tio n  d o e s  f a il, th e  u s e r c a n  r e c o v e r  u s in g  a  n u m b e r  o f s tra te g ie s .

1 . L im it th e  s iz e  o f th e  s e a r c h  a r e a  b y  s p e c if y in g  a  s m a lle r  v a lu e  f o r d is t1 .
2 . S u p p ly  a n  a p p ro x im a te  o f fs e t u s in g  s o f f s e t to  a llo w  d is t1  to  b e  d e c re a s e d .
3 . If  a ll e ls e  fa ils , s e t d is t1  to  0  a n d  s p e c ify  th e  f in a l c e n te r o f  th e  s p e c tr u m  u s in g  s o ff s e t.

T h e  f o llo w in g  e x a m p le  s h o w s  th e  u s e  o f  th e  p o in t s o u r c e  lo c a tio n  p a ra m e te r s  w ith  a  u s e r
s u p p lie d  o ff s e t o f  7 5  a n d  a  s m a ll s e a r c h  a r e a  o f 1 0  p ix e ls .

c a ls tis ,id ,’s o f fs e t= 7 5 ,d is t1 = 1 0 ’ ,h ,m ,w a v e ,f lu x
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N o te : F o r  th e  E 1  a p e r tu r e  p o s itio n s  ( e .g . 5 2 X 0 .1 E 1 ) u s e d  to  m in im iz e  th e
e ff e c t o f  th e  CCD  c h a rg e  tra n s fe r  in e f fic ie n c y , th e  d e fa u lt v a lu e  o f
S O F F S E T  is  s e t to  3 9 0  ( th e  a p p r o x im a te  lo c a tio n  o f th e  s p e c tru m  n e a r  th e
to p  o f  th e  d e te c to r ).

8 .2  G r o s s  a n d  B a c k g r o u n d  S p e c t r a l E x t r a c t io n

F ig u r e  8 .2  illu s tr a te s  th e  v a rio u s  p a ra m e te rs  w h ic h  c o n tr o l th e  p o in t s o u r c e  e x tra c tio n .  F o r  e a c h
s p e c tr a l o r d e r , th re e  e x tr a c tio n s  a r e  m a d e  illu s tr a te d  b y  th e  re g io n s  b e tw e e n  th e  th re e  s e ts  o f  s o lid
lin e s  in  f ig u r e  8 .2 .  T h e  g ro s s  s p e c tra l r e g io n  h a s  a  w id th  in  th e  s p a tia l d ir e c tio n  o f g w id th  a n d  is
c e n te r e d  o n  th e  s p e c tra l o rd e r  s h o w n  b y  th e  d o tte d  lin e  d e te r m in e d  in  s e c tio n  8 .1 .  T h e  u p p e r
b a c k g r o u n d  s p e c tr a l r e g io n  h a s  a  w id th  o f b w id th  a n d  is  c e n te r e d  b d is t a b o v e  th e  c e n te r o f  th e
g ro s s  s p e c tr a l r e g io n .  T h e  lo w e r b a c k g ro u n d  r e g io n  a ls o  h a s  a  w id th  o f  b w id th  a n d  is  c e n te re d
b d is t b e lo w  th e  c e n te r  o f th e  g ro s s
s p e c tr a l r e g io n .  F o r e c h e lle  d a ta ,
b d is t is  n o t u s e d .  In s te a d , th e  u p p e r
a n d  lo w e r b a c k g ro u n d  s p e c tr a  a r e
c e n te r e d  e x a c tly  b e tw e e n  th e  s p e c tr a l
o r d e r s .  T h u s , th e  u p p e r  b a c k g r o u n d
f o r o n e  o r d e r  is  th e  lo w e r b a c k g ro u n d
f o r th e  o rd e r  im m e d ia te ly  a b o v e  it.
G w id th , b w id th , a n d  b d is t a re  a lw a y s
s p e c if ie d  in  u n its  o f u n b in n e d  CCD
p ix e ls  o r  L o - R e s  M A M A  p ix e ls .
T h e y  a r e  n o t r e s tr ic te d  to  b e  in te g e r s .

In  s o m e  c a s e s  it m a y  b e  d e s ir a b le  to
h a v e  d if fe r e n t d is ta n c e s  to  th e  u p p e r
a n d  lo w e r b a c k g ro u n d  r e g io n s , o r to
s p e c if y  a b s o lu te  b a c k g r o u n d
p o s itio n s .  If y o u  w a n t d if fe r e n t
d is ta n c e s  to  th e  u p p e r  a n d  lo w e r
b a c k g r o u n d  p o s itio n  u s e  p a r a m e te r s
b d is tL  a n d  b d is tU  to  s p e c if y  th e  lo w e r
a n d  u p p e r d is ta n c e s .  b d is tL  a n d  b d is tU
o v e rr id e  th e  v a lu e  o f  b d is t.  A lte r n a te ly , y o u  c a n  s p e c ify  th e  a b s o lu te  y - p o s itio n  o f  th e  c e n te r  o f
b a c k g r o u n d  r e g io n s  b y  p a ra m e te r s  b lo w e r  a n d  b u p p e r .  F o r e x a m p le  th e  f o llo w in g  w o u ld  e x tra c t
th e  b a c k g ro u n d  f r o m  y  p o s itio n s  3 0 0  a n d  6 5 0 :

c a ls tis , id , 'b lo w e r = 3 0 0 ,b u p p e r = 6 5 0 ',...
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S e ttin g  v a lu e s  fo r  b lo w e r  a n d  b u p p e r  w ill o v e r rid e  a n y  v a lu e s  s e t f o r b d is t, b d is tU , b d is tL .  N o te :
B a c k g ro u n d  r e g io n s  m a y  h a v e  a  s lo p e  o r  c u rv e  to  th e m .  b lo w e r  a n d  b u p p e r  w ill r e f e r to  th e
y - p o s itio n  a t th e  c e n te r  o f  th e  d e te c to r ( i.e , x = 5 1 2 ).

H IN T S :
   1 )  S e ttin g  e ith e r b lo w e r  a n d  b u p p e r  to  a  n e g a tiv e  v a lu e  c a n  b e  u s e d  to  s e t b o th  b a c k g r o u n d
         to  b e  o n  th e  s a m e  s id e  o f th e  s p e c tru m .
  2 )  S e ttin g  a  b a c k g r o u n d  re g io n  s u c h  th a t it is  o ff  o f  th e  d e te c to r ( e .g . b d is tU  =  1 0 2 5 )  c a n
        b e  u s e d  to  fo r c e  CA L S T IS  to  u s e  o n ly  a n  u p p e r o r  lo w e r b a c k g ro u n d  r e g io n  a n d  n o t
        b o th .

F o r  e a c h  s a m p le  p o s itio n  in  th e  d is p e r s io n  d ir e c tio n , a n  e x tra c tio n  s lit is  c o n s tr u c te d  f o r th e  g ro s s
a n d  tw o  b a c k g r o u n d  s p e c tra .  T h is  s lit is  illu s tr a te d  in  F ig u re  8 .3 .  T h e  c o u n t ra te s  w ith in  th e  s lit
a re  s u m m e d .  T h e  u p p e r a n d  lo w e r
e n d s  o f th e  s lit m a y  c o v e r o n ly  a
p o r tio n  o f a  p ix e l.  In  th is  c a s e  th e
c o u n t r a te  is  w e ig h te d  b y  th e  a r e a  o f
th e  p ix e l c o v e r e d .  A s  th e  s u m  o f th e
c o u n t r a te s  in  th e  e x tra c tio n  s lit is
c o m p u te d , th e  s ta tis tic a l e rr o rs  a r e
p r o p a g a te d  u s in g  th e  s a m e  w e ig h ts .

T h e  o u tp u t o f  th is  e x tr a c tio n  is
n o r m a liz e d  b y  th e  b in n in g  fa c to r in
th e  s p a tia l d ir e c tio n  to  g iv e  u n its  o f
c o u n ts /s e c o n d /p ix e l in  th e  e x tra c tio n
s lit.

T h e  d a ta  q u a lity  v a lu e  o f  th e  e x tr a c te d
d a ta  is  s e t to  th e  la r g e s t d a ta  q u a lity
v a lu e  ( th e  w o rs t c o n d itio n )  o f a ll
p ix e ls  w ith in  th e  e x tr a c tio n  s lit.  If  a
p o r tio n  o f th e  s p e c tra l o rd e r  is  o u ts id e
o f  th e  im a g e , th e  d a ta  q u a lity  v a lu e s
f o r th a t p o r tio n  o f  th e  s p e c tr u m  a r e  s e t
to  2 5 4 .

8 .3  B a c k g r o u n d  P r o c e s s in g  a n d  S u b t r a c t io n

B e f o re  th e  b a c k g ro u n d  is  s u b tr a c te d  fr o m  th e  g ro s s  s p e c tr u m , th e  u p p e r  a n d  lo w e r b a c k g ro u n d s
a re  a v e ra g e d , s m o o th e d , a n d  th e n  n o rm a liz e d  to  a c c o u n t f o r  d if fe r e n c e s  in  th e  s iz e  o f  g w id th  a n d
b w id th .  W h e n  a v e r a g in g  th e  u p p e r  a n d  lo w e r  b a c k g r o u n d , if  th e y  d o  n o t h a v e  th e  s a m e  d a ta
q u a lity  v a lu e , th e  b e tte r  o f  th e  tw o  v a lu e s  is  u s e d .  
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CA L S T IS  h a s  a  m u lti- s te p  s m o o th in g  p r o c e s s  f o r th e  b a c k g r o u n d .  It p e r f o rm s  a  m e d ia n  f ilte r ,
f o llo w e d  b y  tw o  m e a n  filte rs , f o llo w e d  b y  a  p o ly n o m ia l f it to  th e  b a c k g r o u n d .  A n y  o r a ll o f  th e
s m o o th in g  s te p s  c a n  b e  d is a b le d .  T h e  m e d ia n  f ilte r  w id th  is  s p e c if ie d  b y  th e  p a ra m e te r
b _ m e d ia n .  A  v a lu e  o f  0  o r 1  in d ic a te s  n o  m e d ia n  f ilte r in g .  T h e  w id th s  o f th e  m e a n  filte r s  a r e
c o n tr o lle d  b y  p a r a m e te r s  b _ m e a n 1  a n d  b _ m e a n 2 .  A g a in  a  v a lu e  o f 0  o r  1  w ill d is a b le  th e
f ilte r in g .  T h e  f in a l o p tio n a l s m o o th in g  is  a  p o ly n o m ia l fit to  th e  b a c k g ro u n d  o f  e a c h  s p e c tr a l
o r d e r .  T h is  is  c o n tr o lle d  b y  th e  p a ra m e te r b _ o r d e r .  S e ttin g  b _ o r d e r  to  - 1  d is a b le s  th e
p o ly n o m ia l fittin g .  If b _ o r d e r  is  s e t to  0 , a ll d a ta  p o in ts  in  th e  s m o o th e d  b a c k g r o u n d  a re  s e t to
th e  a v e r a g e  o f  th e  u n s m o o th e d  b a c k g r o u n d  v a lu e s .  W h e n  fittin g  a  p o ly n o m ia l to  th e  b a c k g r o u n d ,
th e  r e g io n s  o f  th e  a ir g lo w  lin e s  a t 1 2 1 5 .6 , 1 3 0 2 .1 , 1 3 0 4 .8 , a n d  1 3 0 6 .0  a re  ig n o r e d  in  th e  fittin g
p r o c e s s  fo r  m o d e s  G 1 4 0 L , G 1 4 0 M , a n d  th e  P R IS M .  T h e s e  r e g io n s  a re  le f t u n s m o o th e d  in  th e
f itte d  b a c k g ro u n d  v e c to r .  T h is  a llo w s  p ro p e r  s u b tr a c tio n  o f th e  a ir g lo w  lin e s  f ro m  th e  g r o s s
s p e c tr u m .  

T h e  b a c k g r o u n d  is  n o r m a liz e d  to  th e  a r e a  o f  th e  e x tr a c tio n  s lit o f  th e  g ro s s  s p e c tr u m  b y
m u ltip ly in g  it b y  g w id th /b w id th  a n d  th e n  s u b tra c tin g  it f ro m  th e  g r o s s  s p e c tr u m  to  g iv e  th e  n e t
s p e c tr u m .  T h e  e r ro r s  in  th e  b a c k g r o u n d  s p e c tru m  a re  c o n s id e r e d  to  b e  n e g lig ib le  a f te r
s m o o th in g .  O n ly  th e  a r e a s  in  th e  u n s m o o th e d  a ir g lo w  lin e s  a r e  p ro p a g a te d  to  th e  n e t s p e c tr u m .
E r ro r s  fo r  a ll o th e r  d a ta  p o in ts  in  th e  n e t s p e c tru m  a re  th e  s a m e  a s  th e  o n e s  in  th e  g ro s s  s p e c tr u m .

8 .4  W a v e le n g t h  A s s ig n m e n t

CA L S T IS  a s s ig n s  w a v e le n g th s  u s in g  th e  d is p e r s io n  r e la tio n :

    s = a 0 + a 1 m � + a 2 m 2 � 2 + a 3 m + a 4 � + a 5 m 2 � + a 6 m � 2 + a 7 m 3 � 3 + a 8 m 2 + a 9 � 2

w h e r e :
s  is  th e  p ix e l lo c a tio n  in  th e  d is p e r s io n  d ir e c tio n ,
m  is  th e  s p e c tra l o rd e r  (1  f o r th e  fir s t o r d e r  g ra tin g s ) ,
λλλλ is  th e  w a v e le n g th , a n d
a 0 , a 1 , a 2 , ... a r e  d is p e rs io n  c o e f f ic ie n ts

T h e  d is p e r s io n  c o e ff ic ie n ts  a r e  r e a d  fr o m  th e  ta b le  s p e c ifie d  b y  u s e r p a r a m e te r  d c ta b . T h e  d e f a u lt
d is p e r s io n  c o e ff ic ie n t ta b le  is  s e le c te d  b a s e d  o n  o p tic a l e le m e n t a n d  c e n tra l w a v e le n g th .  W ith in
e a c h  ta b le , th e  d is p e rs io n  c o e f f ic ie n ts  a re  ta b u la te d  a s  a  fu n c tio n  o f  im a g e  p o s itio n  a lo n g  th e  s lit
( im a g e  r o w  o r  lin e  n u m b e r ).  If th e  d e s ire d  im a g e  lin e  n u m b e r  is  n o t in  th e  ta b le , lin e a r
in te r p o la tio n  b e tw e e n  th e  c o e ff ic ie n ts  v e rs u s  lin e  o r  s lit p o s itio n  is  u s e d .

T h e  d is p e r s io n  c o e ff ic ie n ts  m u s t b e  a d ju s te d  fo r  th e  m o v e m e n ts  o f  th e  e c h e lle  fo r m a t r e s u ltin g
f ro m  th e  m o n th ly  M S M  o f fs e ts .  F o r  e a c h  c e n tra l w a v e le n g th ,    λλλλC, a  c o e f fic ie n t, a 4 c o r, is  s to r e d
in  th e  r e f e re n c e  file  ( m s m ta b ) , a lo n g  w ith  in f o r m a tio n  o f  th e  r e fe r e n c e  lo c a tio n  o f  th e  s p e c tr a l
f o rm a t.  T h e  d is p e r s io n  c o e f fic ie n ts  a r e  a d ju s te d  f o r th e  y - m o tio n  o f th e  fo r m a t,  ( in  lo r e s

�
y

p ix e ls )  fr o m  th e  re f e re n c e  p o s itio n  b y :
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a 4 = a 4 + a 4 c o r 	 � y
a 0 = a 0 + a 4 c o r 	
� C 	 � y

T h e  d is p e r s io n  c o e ff ic ie n ts  m u s t b e  c o rr e c te d  f o r a n y  o f f s e t d u e  to  th e  s lit n o n - c o n c e n tric ity .  A
ta b le  o f r e la tiv e  s lit p o s itio n s , a p d ta b , a n d  a  ta b le  o f  s lit a n g le s  f o r th e  lo n g  s lits , a n g le ta b , a re
u s e d  to  d e te r m in e  th e  o f f s e t, δ,  b e tw e e n  th e  w a v e le n g th  c a lib ra tio n  d c ta b  s lit a n d  th e
o b s e rv a tio n ’ s  s lit in  a rc s e c s .

s h o rt s lits
�

=
�

0

lo n g  s lits
�

=
�

0 + P (y − y c )(ta n ( � o b s ) − ta n ( � d c ))

W h e re  δδδδ0  is  th e  s lit o f fs e t in  a r c s e c  a t th e  c e n te r o f  th e  f o rm a t f r o m  ta b le  a p d ta b , P  is  th e
p la te s c a le  in  th e  d is p e rs io n  d ir e c tio n  (a r c s e c /p ix e l) f r o m  th e  ta b le  s c a le ta b , y  is  th e  lin e  p o s itio n
in  th e  o b s e rv a tio n , y c  is  th e  y - p o s itio n  f o r  th e  c e n te r  o f th e  fo r m a t a d ju s te d  fo r  a n y  m o n th ly  M S M
o f fs e ts , θθθθo b s  is  th e  s lit a n g le  f o r  th e  o b s e rv a tio n s  s lit, a n d  θθθθd c  is  th e  s lit a n g le  f o r  th e  w a v e c a l
o b s e rv a tio n ’ s  s lit u s e d  to  c o n s tru c t th e  d is p e r s io n  c o e ff ic ie n t f ile .  If  th e  ta rg e t is  n o t c e n te r e d  in
th e  s lit ( u s e r  p a ra m e te r ta r g o ff s  is  n o t z e ro ) , δδδδ is  a ls o  a d ju s te d  b y  a d d in g  th e  v a lu e  o f  ta r g o f fs  to
it.

T h e  ta b le , ia c ta b , c o n ta in s  th e  c o e f f ic ie n ts  C i a n d  D i  w h ic h  a r e  u s e d  to  a d ju s t th e  d is p e r s io n
c o e ff ic ie n ts  b y  th e  re la tio n s :

f o r e a c h  a ia i = a i + C i
�

a 1 = a 1 + D 1
�

+ D 2
�

2

A d d itio n a lly  a 0   is  a d ju s te d  f o r  M S M  n o n - r e p e a ta b ility  a n d  th e r m a l m o tio n  b y  th e  a u to - w a v e c a l
( S e c tio n  1 3 ) o r   b y  th e  u s e r  s u p p lie d  o f f s e t, p a ra m e te r  w o f fs e t, g iv e n  in  p ix e ls :

a 0 = a 0 + w o ffs e t

8 .5  C o n v e r s io n  t o  A b s o lu t e  F lu x  U n it s

F o r  p o in t s o u rc e  s p e c tra , ta k e n  w ith  th e  CCD , th e  f ir s t s te p  in  c o n v e rs io n  to  a b s o lu te  flu x  u n its  is
to  c o r r e c t fo r  c h a n g e s  in  th e  CCD  c h a rg e  tra n s fe r  e ff ic ie n c y .  A  d e s c rip tio n  o f  th e  a lg o r ith m  u s e d
f o r th is  c o r re c tio n  c a n  b e  f o u n d  o n  th e  w w w .s ts c i.e d u  w e b  s ite  in  S T IS  IS R  2 0 0 3 - 0 3 , R a lp h
B o h lin  a n d  P a u l G o u d f ro o ij, " A n  A lg o rith m  fo r C o rre c tin g  C T E  L o s s  in  S p e c tro p h o to m e try  o f
P o in t S o u rc e s  w ith  th e  S T IS  C C D ."   T h e  CT E  c o r re c tio n  c a n  b e  tu r n e d  o ff  b y  s e ttin g  th e  u s e r
p a ra m e te r  c te c o r r  to  0 .

P o in t s o u r c e  s p e c tr a  a re  c o n v e rte d  to  a b s o lu te  flu x  u n its  u s in g  th e  s e n s itiv ity  ta b le  s e le c te d  b y  th e
p a ra m e te r  s e n s ta b .  T o  tu rn  o f f c o n v e r s io n  to  a b s o lu te  f lu x  u n its  u s e :
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c a ls tis ,id ,’s e n s ta b = n o n e ’ ,...

F o r  e c h e lle  o b s e rv a tio n s , s e p a r a te  s e n s itiv ity  c u rv e s  a re  s to re d  in  s e n s ta b  fo r  e a c h  s p e c tr a l o r d e r.
T h e s e  c u r v e s  c o n ta in  th e  e c h e lle  b la z e  f u n c tio n  w h ic h  s h if ts  ( in  w a v e le n g th )  w ith  c h a n g e s  in  th e
y  p o s itio n  o f  th e  s p e c tr a l f o rm a t ( m o n th ly  M S M  o ff s e ts )  a n d  w ith  tim e .  Co e ff ic ie n ts  d e s c rib in g
th is  s h if t a r e  s to r e d  in  s e n s ta b .  If th is  b la z e  s h ift is  n o t c o rr e c tly  r e m o v e d , th e  r e s u ltin g  f lu x  w ill
s h o w  a  d is c o n tin u ity  b e tw e e n  s p e c tr a l o r d e rs .  If  th is  d is c o n tin u ity  is  s ig n if ic a n t, it m a y  b e
p o s s ib le  to  im p r o v e  th e  c a lib r a tio n  u s in g  th e  d a ta  its e lf,  s e t th e  u s e r p a r a m e te r , a u to _ b s = 1 , a n d
c a ls tis  w ill a tte m p t to  d e te r m in e  th e  b la z e  s h ift to  m a tc h  th e  flu x  le v e ls  in  th e  o v e r la p  r e g io n s
b e tw e e n  th e  s p e c tra l o rd e r s .

W a r n in g :   T h e  c u rre n t s e n s itiv ity  ta b le s  d o  n o t h a v e  a c c u ra te  b la z e  c a lib ra tio n s  fo r
in te rm e d ia te  e c h e lle  c e n tra l w a v e le n g th s .  T h e  ta b le s  a ls o  h a v e  n o  in fo rm a tio n  fo r th e
in te rm e d ia te  c e n tra l w a v e le n g th s  to  s h ift th e  b la z e  fu n c tio n  w ith  tim e  a n d  w ith  y - p o s itio n  o f
th e  s p e c tra l fo rm a t.   R e s u lts  fo r th e s e  c e n tra l w a v e le n g th s  m a y  b e  im p ro v e d  u s in g
a u to _ b s = 1 .

If  th e  ta rg e t a p e r tu r e  is  d iff e re n t th a n  th e  a p e r tu r e  o f th e  s e n s itiv ity  ta b le , s e n s ta b , CA L S T IS
c o rr e c ts  th e  s e n s itiv ity  f o r th e  re la tiv e  p o in t s o u rc e  a p e r tu re  th ro u g h p u t b e tw e e n  th e  s e n s ta b
a p e rtu re  a n d  y o u r  ta r g e t a p e rtu r e .  T h e  r e la tiv e  p o in t s o u r c e  th r o u g h p u ts  a re  s to r e d  in  a  ta b le
s e le c te d  b y  a p tta b .  It a ls o  a d ju s ts  th e  s e n s itiv ity  fo r  y o u r  s p e c ifie d  G W ID T H  u s in g  th e
a d ju s tm e n t ta b le s  in  th e  p c tta b  ta b le .

S T IS  s e n s itiv itie s  a r e  a d ju s te d  f o r c h a n g e s  w ith  tim e  a n d  te m p e r a tu r e  a s  d e s c rib e d  in  S T  S c I
S T IS  In s tr u m e n t S c ie n c e  R e p o r t 9 9 - 0 7 , R . B o h lin , " C h a n g e s  in  S e n s itiv ity  o f th e  L o w  D is p e rs io n
M o d e s " .  T h e  c u r re n t v e r s io n  o f  CA L S T IS  u s e s  tim e  a n d  te m p e r a tu r e  c o r re c tio n s  u p d a te d  b y  R .
B o h lin  in  A u g u s t, 2 0 0 3 .  T o  tu r n  o f f th e s e  c o r re c tio n s  in  c a ls tis , s e t u s e r  p a ra m e te r, tim e c o r r , to
0 .

CA L S T IS  u s e s  lin e a r in te r p o la tio n  b e tw e e n  w a v e le n g th s  in  b o th  th e  s e n s itiv ity  ta b le  a n d  th e
r e la tiv e  a p e r tu re  th ro u g h p u t ta b le .  It d o e s  n o t e x tr a p o la te  e ith e r  ta b le .  T h e  f lu x  v a lu e s  o f d a ta
p o in ts  o u ts id e  o f th e  w a v e le n g th  ra n g e  o f th e  ta b le s  a r e  s e t to  0  a n d  th e ir  d a ta  q u a lity  v a lu e s  a re
s e t to  2 5 1 .

8 .6  H e lio c e n t r ic  W a v e le n g t h  C o r r e c t io n

A f te r  th e  s e n s itiv ity  c o r re c tio n  is  c o m p le te d , CA L S T IS  w ill a p p ly  a  h e lio c e n tr ic  c o rr e c tio n  to  th e
w a v e le n g th s  p ro v id e d  th a t th e  u s e r p a r a m e te r  h e lio  is  n o t s e t to  0 .  T h e  E a rth ’ s  v e lo c ity  to w a r d
th e  ta rg e t, v , is  c o m p u te d  (in  k m /s e c )  a n d  a d d e d  to  th e  o u tp u t F IT S  h e a d e r in  k e y w o r d
E A R T H V E L .  W a v e le n g th s  a r e  th e n  m u ltip lie d  b y  th e  f a c to r 1 + v /c  w h e r e  c  is  th e  s p e e d  o f  lig h t.
If  h e lio  is  s e t to  0 , CA L S T IS  w ill s till p o p u la te  th e  v a lu e  o f  th e  k e y w o r d  E A R T H V E L  b u t w ill
le a v e  th e  w a v e le n g th s  u n c o rr e c te d .
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W h e n  c o m p u tin g  s e n s itiv ity  f u n c tio n s  f r o m  o b s e rv a tio n s  o f  s ta n d a rd  s ta rs , h e lio  s h o u ld  b e  s e t to
z e ro :

c a ls tis ,id ,’h e lio = 0 ,s e n s ta b = n o n e ’,h ,m ,w ,f

T h e  w a v e le n g th s , w s , o f th e  s ta n d a rd  s ta r f lu x  ta b le  s h o u ld  th e n  b e  c o n v e rte d  to  th e  v e lo c ity
f ra m e  o f  th e  o b s e r v a tio n  b y :

w s  =  w s /( 1 + s x p a r ( h ,’e a r th v e l’ )/2 .9 9 7 9 2 4 5 8 D 5 )

CA L S T IS  d o e s  n o t  c o n v e rt w a v e le n g th s  to  a n  A IR  re f e re n c e  fr a m e .  If  y o u  n e e d  a ir  w a v e le n g th s ,
r u n  th e  r o u tin e  v a c to a ir  o n  th e  o u tp u t w a v e le n g th s  o f  CA L S T IS :

v a c to a ir ,w

8 .7  P o in t  S o u r c e  S p e c t r a l E x t r a c t io n  O u t p u t s

T h e  c a llin g  s e q u e n c e  o f  CA L S T IS  w ith  th e  o u tp u ts  o f  th e  p o in t s o u r c e  e x tr a c tio n  p r o c e s s in g
s h o w n  in  b o ld  is :

      C A L S T I S , id , p a ra m s , h , m , w a v e , f lu x , e p s f , e r r f , g r o s s , b a c k , n e t, p o s , im a g e , e p s , e rr

h  is  th e  o u tp u t F IT S  h e a d e r  a n d  in c lu d e s  a ll th e  k e y w o r d s  p re s e n t in  th e  in p u t d a ta  s e t, a  s e t o f
k e y w o rd s  g iv in g  th e  v a lu e s  o f  a ll p a ra m e te rs  s p e c if ie d  b y  p a r a m s  u p d a te d  to  re f le c t th e  s e le c te d
r e f e re n c e  file  n a m e s , h is to r y  r e c o rd s  d e s c r ib in g  th e  p r o c e s s in g , a n d  a  f e w  a d d itio n a l k e y w o rd
v a lu e s  a d d e d  b y  th e  p r o c e s s in g  s te p s  o f CA L S T IS .  T h is  h e a d e r c a n  b e  e x a m in e d  w ith  th e  ID L
r o u tin e  h p r in t:

h p r in t,h

In d iv id u a l k e y w o r d  v a lu e s  e x tra c te d  f o r u s e  in  p o s t- re d u c tio n  a n a ly s is  c a n  b e  e x a m in e d  w ith
s x p a r :

v a lu e  =  s x p a r ( h ,’ < k e y w o r d  n a m e > ’ )
o r

p r in t,s x p a r (h ,’< k e y w o r d  n a m e > ’)

m  is  th e  s p e c tra l o rd e r  n u m b e r s .  F o r  a  fir s t o r d e r  g ra tin g  e x tra c tio n , m  w ill h a v e  th e  s c a la r  v a lu e
o f  1 .  F o r e c h e lle  o b s e r v a tio n s , m  w ill b e  a  v e c to r  o f  s p e c tra l o rd e r  n u m b e r s  f o r  th e  s p e c tr a l
o r d e r s  e x tr a c te d . 

w a v e  c o n ta in s  th e  w a v e le n g th s . F o r f ir s t o r d e r g r a tin g  m o d e  p o in t s o u r c e  e x tra c tio n s , w a v e  w ill
b e  a  1 0 2 4  p o in t v e c to r  (2 0 4 8  p o in t v e c to r f o r H i- R e s  e x tra c tio n s ).  F o r  e c h e lle  m o d e  e x tr a c tio n s ,
w a v e  w ill b e  a  2 -d im e n s io n a l a r ra y  o f  s iz e  1 0 2 4  o r  2 0 4 8  b y  N , w h e re  N  is  th e  n u m b e r o f  s p e c tr a l
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o r d e r s  e x tr a c te d .  w a v e ( * ,i)  w ill h a v e  th e  w a v e le n g th s  fo r  s p e c tra l o rd e r  m (i). w a v e  is  a  v e c to r f o r
f ir s t o r d e r g r a tin g  e x te n d e d  s o u r c e  e x tr a c tio n s .  A s s u m in g  a ll p r o c e s s in g  s te p s  a r e  e x e c u te d , w a v e
w ill b e  h e lio c e n tr ic  w a v e le n g th s  in  A n g s tr o m s .

f lu x  is  th e  c a lib r a te d  flu x  v e c to r s  o r c a lib r a te d  im a g e .  F o r f ir s t o r d e r g r a tin g  p o in t s o u rc e  
e x tra c tio n s , flu x  w ill b e  a  v e c to r  w ith  th e  s a m e  le n g th  a s  w a v e .  F o r  e c h e lle  p o in t s o u r c e
e x tra c tio n s  flu x  w ill b e  a n  a rr a y  o f  th e  s a m e  s iz e  a s  w a v e  w h e r e  flu x ( * ,i)  c o n ta in s  th e  c a lib ra te d
s p e c tr u m  f o r o r d e r m ( i) .  A s s u m in g  a ll p r o c e s s in g  s te p s  a r e  e x e c u te d , th e  o u tp u t u n its  o f  flu x  f o r
p o in t s o u r c e  e x tra c tio n s  is  e r g s /s e c /c m 2 /A n g s tr o m .  If c o n v e r s io n  to  a b s o lu te  f lu x  is  n o t
p e rf o r m e d , f lu x  w ill b e  id e n tic a l to  n e t.  

e p s f is  th e  d a ta  q u a lity  o r  e p s ilo n  v a lu e  a rr a y  f o r f lu x . It h a s  th e  s a m e  s iz e  a s  f lu x  a n d  is  c o d e d
w ith  th e  v a lu e s  g iv e n  in  A p p e n d ix  A .  

e r r f  is  th e  p ro p a g a te d  s ta tis tic a l e rr o r a r ra y  fo r  flu x  a n d  h a s  th e  s a m e  s iz e  a n d  u n its  a s  flu x .  It
c o n ta in s  th e  s ta tis tic a l e r r o rs  ( a s  d e f in e d  in  s e c tio n  7 .3 )  p ro p a g a te d  th ro u g h  th e  c a lib r a tio n
p r o c e s s .  It d o e s  n o t in c lu d e  s ta tis tic a l e r ro r s  in tro d u c e d  f ro m  th e  s ta tis tic a l o r s y s te m a tic  e r ro r s
in  c a lib r a tio n  r e f e re n c e  file s .

g r o s s  g iv e s  th e  e x tr a c te d  g ro s s  s p e c tr u m  a s  d e s c r ib e d  in  s e c tio n  8 .2 .  It h a s  th e  s a m e  s iz e  a n d
d im e n s io n  a s  w a v e  a n d  flu x  a n d  is  in  u n its  o f  c o u n ts /s e c o n d /p ix e l in  th e  d is p e rs io n  d ir e c tio n .

b a c k  is  a n  n s  b y  N + 1  a rr a y  w ith  th e  u p p e r  a n d  lo w e r  b a c k g r o u n d  v e c to r s , w h e re  n s  is  th e  n u m b e r
o f  e le m e n ts  in  th e  s p e c tra  a n d  N  is  th e  n u m b e r  o f  s p e c tra l o rd e r s . b a c k ( * ,i)  a n d  b a c k (* ,i+ 1 )  g iv e
th e  lo w e r  a n d  u p p e r  b a c k g r o u n d  s p e c tr a  f o r  g r o s s ( * ,i) .  b a c k  is  in  th e  s a m e  u n its  a s  g r o s s  b u t h a s
n o t  b e e n  n o r m a liz e d  to  th e  s lit s iz e  o f  g r o s s  ( s e c tio n  8 .2 ) .

n e t is  th e  g r o s s  m in u s  th e  s m o o th e d  a v e ra g e  o f th e  u p p e r  a n d  lo w e r b a c k g ro u n d  s p e c tr a .  It h a s
th e  s a m e  s iz e  a n d  u n its  a s  g r o s s .  n e t is  n o t u s e d  fo r  e x te n d e d  s o u rc e  r e d u c tio n s . CA L S T IS  d o e s
n o t re tu rn  th e  s m o o th e d  b a c k g ro u n d .  It c a n  e a s ily  b e  o b ta in e d  a f te r  ru n n in g  CA L S T IS  b y  u s in g :

s m o o th e d _ b a c k g r o u n d  =  g r o s s  -  n e t

p o s  is  a n  a rr a y  o f  th e  p o s itio n s  o f th e  c e n te r o f  th e  e x tra c tio n  s lit fo r  th e  g r o s s  s p e c tr u m .  It h a s
th e  s a m e  s iz e  a s  g r o s s  a n d  is  d e fin e d  s u c h  th a t th e  c e n te r o f  th e  e x tra c tio n  s lit fo r  g r o s s ( i,j)  is  a t
r a w  d a ta  p ix e l i, p o s (i,j) .  F o r  e x a m p le , if  y o u  w a n t to  o v e r p lo t th e  p o s itio n s  o f th e  s p e c tra l o rd e r s
u s e d  fo r  e x tr a c tio n , u s e :

tv s c l,a lo g 1 0 ( im a g e > 0 .1 )
f o r  i= 0 ,N -1  d o  p lo ts ,f in d g e n (1 0 2 4 ) ,p o s (* ,i) ,/d e v

8 .8  E c h e lle  S c a t t e r e d  L ig h t  C o r r e c t io n

CA L S T IS  u s e s  th e  in te r o rd e r  flu x  to  e s tim a te  th e  d a rk  r a te  a n d  s c a tte r e d  lig h t in  a  s p e c tra l o rd e r .
A lth o u g h  th is  is  a  g o o d  f irs t a p p r o x im a tio n , it c a n  r e s u lt in  e ith e r  u n d e r  o r  o v e r  s u b tr a c tio n  o f th e
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b a c k g r o u n d  d e p e n d in g  o n  th e  f lu x  d is trib u tio n  o f  th e  s o u r c e .  A  ro u tin e , E CH E L L E _ S CA T
( w h ic h  c a n  b e  ru n  a f te r  CA L S T IS ) , c o n s tr u c ts  a  s c a tte r e d  lig h t m o d e l, r e m o v e s  it fr o m  th e  im a g e ,
a n d  re - e x tr a c ts  th e  s p e c tr u m .  T o  ru n  th e  ro u tin e , f irs t ru n  CA L S T IS  w ith  p a r a m e te r  o u tim a g e  s e t
to  D E F , f o llo w e d  b y  E CH E L L E _ S CA T .

c a ls tis , id , ’o u tim a g e = d e f,...’ , h , m , w , f ,...
e c h e lle _ s c a t, id

o u tim a g e = d e f   te lls  CA L S T IS  to  w rite  th e  fla t f ie ld e d  c o u n t r a te  im a g e  to  a  file  w ith  th e  n a m e
im _ < id > .f it s .  E CH E L L E _ S CA T  u s e s  th is  f ile  a n d  th e  o u tp u t e x tra c te d  s p e c tr a l f ile  to  r e m o v e
c o m p u te  a  m o d e l im a g e  a n d  a  s c a tte r e d  lig h t m o d e l im a g e .  T h e  s c a tte r e d  lig h t m o d e l is
s u b tr a c te d  f ro m  th e  f la t fie ld e d  c o u n t ra te  im a g e  ( file  im _ < id > .f it s ).  A  n e w  s p e c tru m  is
e x tra c te d  f ro m  th e  d if fe r e n c e  im a g e  u s in g  th e  s a m e  e x tra c tio n  p a r a m e te r s  s p e c ifie d  in  th e
o r ig in a l c a ll to  CA L S T IS .  T h e  e x tr a c te d  s p e c tr a l o u tp u t is  th e n  w r itte n  to  a  F IT S  b in a r y  ta b le
n a m e d  n e w s p e c _ < id > .f it s .   T h is  f ile  h a s  th e  s a m e  f o rm a t a s  th e  o r ig in a l s p e c < id > .f its  w ritte n
b y  CA L S T IS  (s e e  s e c tio n  1 0 .3 ) .

I M P O R T A N T  N O T E :

�
E c h e lle _ s c a t re q u ire s  a  lo t m e m o ry . Y o u  s h o u ld  p ro b a b ly  h a v e  a t le a s t 5 1 2  M B  o f
m e m o ry  o n  th e  m a c h in e  to  ru n  it.  Y o u  c a n  u s e  le s s  b u t it m a y  s ig n ific a n tly  s lo w  th e
p ro c e s s  d o w n .�
E x e c u tio n  tim e  is  o n  th e  o rd e r o f 1 0  to  1 5  m in u te s .

B r ie f ly , th e  m e th o d  u s e d  b y  E CH E L L E _ S CA T  is  a s  f o llo w s :

1 )   U s in g  th e  o rig in a l n e t flu x  p ro d u c e d  b y  C A L S T IS , c re a te  a n  e s tim a te d  s o u rc e  flu x
d is trib u tio n  b y  c o rre c tin g  e a c h  s p e c tra l o rd e r fo r th e  e c h e lle  b la z e  a n d  m e rg in g  th e  o rd e rs .
U s e  th is  a s  a  firs t g u e s s  o f th e  flu x  d is trib u tio n .

2 )  P e rfo rm  th e  fo llo w in g  ite ra tio n  o n  th e  flu x  d is trib u tio n  (3  ite ra tio n s  a re  c u rre n tly  u s e d )

� U s in g  th e  c u rre n t flu x  d is trib u tio n , c o n s tru c t a  m o d e l lig h t im a g e  u s in g  re fe re n c e
m o d e ls  fo r th e  e c h e lle  s c a tte r fu n c tio n , te le s c o p e  P S F , d e te c to r h a lo  a n d  g ra tin g
is o tro p ic  s c a tte rin g , th e  c ro s s  d is p e rs e r s c a tte r fu n c tio n , a n d  d e te c to r g h o s ts .� E x tra c t a  n e t s p e c tru m  fro m  th e  m o d e l u s in g  th e  s a m e  p a ra m e te rs  s p e c ifie d  in  th e
o rig in a l c a ll to  C A L S T I S .  U s e  th is  d iffe re n c e  to  a d ju s t th e  c u rre n t flu x  d is trib u tio n
a n d  re p e a t th e  ite ra tio n .� I f it is  th e  la s t ite ra tio n , a ls o  c o n s tru c t a n  o b je c t m o d e l im a g e  (w ith o u t s c a tte re d
lig h t) b y  u s in g  th e  c o re  o f th e  e c h e lle  s c a tte re d  lig h t fu n c tio n  (lig h t w ith in  5  p ix e ls  o f
th e  c e n te r) a n d  th e  1 3  x 1 3  p ix e l c o re  o f th e  c o m b in e d  te le s c o p e  P S F , d e te c to r P S F ,
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is o tro p ic  g ra tin g  s c a tte r, a n d  c ro s s -d is p e rs e r s c a tte r.  S u b tra c t th is  fro m  th e  m o d e l
im a g e  to  g iv e  a  m o d e l s c a tte re d  lig h t im a g e .

3 ) S u b tra c t th e  m o d e l s c a tte re d  lig h t im a g e  fro m  th e  o rig in a l fla t fie ld e d  c o u n t ra te  im a g e .
E x tra c t th e  s p e c tru m  fro m  th is  d iffe re n c e  a n d  flu x  c a lib ra te  u s in g  th e  s a m e  p a ra m e te rs
s p e c ifie d  in  th e  o rig in a l c a ll to  C A L S T I S .

If , in  a d d itio n  to  c o n s tru c tin g  a  s c a tte r e d  lig h t c o r re c te d  s p e c tr u m , y o u  w o u ld  lik e  to  s e e  th e  f in a l
m o d e l im a g e s , u s e  th e  k e y w o r d  p a r a m e te r /m o d e l_ f ile  in  th e  c a ll to  E CH E L L E _ S CA T .

e c h e lle _ s c a t,id ,/m o d e l_ f ile

E CH E L L E _ S CA T  w ill th e n  w r ite  a  F IT S  f ile , m o d e l_ < id > .f its  c o n ta in in g  tw o  e x te n s io n s  w ith
n a m e s  M O DE L  a n d  S C A T .  T o  r e a d  th e s e  im a g e s  fr o m  th e  file  u s e :

f its _ r e a d , ’ m o d e l_ < id > .f its ’ , m o d e l, h e a d e r , e x tn a m e = ’ M O D E L ’
f its _ r e a d , ’ m o d e l_ < id > .f its ’ ,s c a t, h e a d e r , e x tn a m e = ’SC A T ’

W h e re  < id >  is  r e p la c e d  w ith  th e  o b s e r v a tio n  id  n u m b e r o r  n a m e .  

9 .0  E x t e n d e d  S o u r c e  S p e c t r a l E x t r a c t io n

CA L S T IS  e x te n d e d  s o u r c e  s p e c tra l e x tr a c tio n s  a r e  d o n e  b y  in c lu d in g  e x te n d e d = 1  in  th e
p a ra m e te r s :

c a ls tis ,id ,’e x te n d e d = 1 ...’ , h , m , w a v e , flu x , e p s f, e r r f, s e n s ,x ,y , u n u s e d , im a g e ,e p s ,e r r

E x te n d e d  s o u r c e  s p e c tra l e x tr a c tio n  is  u s e d  to  c r e a te  a  tw o  d im e n s io n a l m a p  w ith  w a v e le n g th  in
o n e  d im e n s io n  a n d  p o s itio n  a lo n g  th e  s lit in  th e  o th e r  d im e n s io n .  E x te n d e d  s o u rc e  e x tr a c tio n  is
a p p ro p r ia te  fo r  b o th  e x te n d e d  s o u rc e s  o b s e r v e d  in  a  lo n g  s lit o r  fo r  a  s litle s s  s p e c tr a . F ig . 9 .1
illu s tr a te s  a  s p e c tru m  ta k e n  in  th e  lo n g  s lit m o d e . O p tic a l/d e te c to r  d is to r tio n s  h a v e  b e e n
e x a g g e r a te d . P ix e ls  o f  c o n s ta n t w a v e le n g th  a n d  p ix e ls  o f  c o n s ta n t s p a tia l p o s itio n  d o  n o t lie  in  a
s tr a ig h t lin e  d u e  to  o p tic a l a n d  d e te c to r  d is to rtio n s .  

9 .1  E x t e n d e d  S o u r c e  I m a g e  R e c t if ic a t io n .

CA L S T IS  w ill g e n e r a te  a  re c tif ie d  im a g e  w ith  w a v e le n g th  r u n n in g  f ro m  le f t to  r ig h t
( h o riz o n ta lly ) a n d  s p a tia l p o s itio n  ( in  th e  d ir e c tio n  a lo n g  th e  s lit) r u n n in g  v e r tic a lly .  T h e
r e c tif ic a tio n  u s e s  th e  d is p e r s io n  c o e f fic ie n ts  ( w h ic h  v a ry  w ith  p o s itio n  a lo n g  th e  s lit)  a n d  th e
s p e c tr a l tra c in g s  ta b le , E X T T A B  ( w h ic h  g iv e s  th e  s p a tia l d is to r tio n  a t v a r io u s  p o s itio n s  a lo n g  th e
s lit), to  c o m p u te  th e  p o s itio n  o f e a c h  p ix e l in  th e  o u tp u t r e c tif ie d  im a g e  in  ra w  d a ta  c o o r d in a te s
( o u tp u t p a ra m e te rs  x , y ) .  T h e  v a lu e  fo r  e a c h  o u tp u t p ix e l is  th e n  c o m p u te d  u s in g  b ilin e a r
in te r p o la tio n  in  th e  f la t fie ld e d  in p u t im a g e .  W a v e le n g th s  a r e  c o m p u te d  u s in g  th e  s a m e
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d is p e r s io n  r e la tio n  a s  d e s c r ib e d  in
s e c tio n  8 .4  a n d  a r e  c o n v e r te d  to  th e
h e lio c e n tr ic  s y s te m  a s  d e s c r ib e d  in
s e c tio n  8 .6 .

T h e  d e fa u lt s iz e  o f th e  re c tif ie d  im a g e
is  1 0 6 4  x  1 0 6 4 .  T h is  h a s  b e e n
in c r e a s e d  f ro m  1 0 2 4  x  1 0 2 4  s o  a s  n o t
to  lo s e  a n y  in fo r m a tio n  a t th e  e d g e s  o f
th e  im a g e  d u r in g  r e c tif ic a tio n .  In  th e
d e fa u lt r e c tific a tio n , th e  o u tp u t
w a v e le n g th s  a r e  e q u a lly  s p a c e d  u s in g
th e  a v e r a g e  d is p e r s io n .  T h e  d e f a u lt
s p a c in g  in  th e  c ro s s -d is p e rs io n
d ire c tio n  is  e q u a l to  o n e  p ix e l in  ra w
im a g e  c o o r d in a te s .  

A  n u m b e r o f  p a ra m e te r s  a llo w  th e
u s e r to  c o n tr o l th e  s iz e  o f  th e  o u tp u t
r e c tif ie d  im a g e , th e  s p a c in g  b e tw e e n
o u tp u t p ix e ls , a n d  th e  c e n te r  p o s itio n
o f  th e  o u tp u t im a g e  in  w a v e le n g th  a n d
s p a tia l p o s itio n  a lo n g  th e  s lit.

T h e  s iz e  o f  th e  o u tp u t im a g e  is  c o n tro lle d  b y  p a ra m e te rs  e s n s o u t a n d  e s n lo u t.  F o r e x a m p le , to
m a k e  th e  o u tp u t im a g e  1 0 2 4  x  1 0 2 4 , u s e :

c a ls tis ,id ,’e x te n d e d = 1 ,e s n s o u t= 1 0 2 4 ,e s n lo u t= 1 0 2 4 ’ ,...

T h e  s p a c in g  b e tw e e n  p ix e ls  c a n  b e  c o n tr o lle d  b y  th e  p a r a m e te r s : e s d e lta s , e s d e lta l, e s d e lta w , a n d
e s lo g l.  e s d e lta l  a n d  e s d e lta s  g iv e  th e  s a m p le  s p a c in g  o f  th e  o u tp u t im a g e  in  th e  c ro s s - d is p e rs io n
d ire c tio n  a n d  th e  d is p e r s io n  d ir e c tio n , r e s p e c tiv e ly .  T h e y  a r e  s p e c ifie d  in  u n its  o f  r a w  d a ta
p ix e ls . T h e y  c a n  b e  u s e d  to  c h a n g e  th e  s p a c in g  o f  th e  r e c tifie d  im a g e  s u c h  th a t th e  a r c s e c /o u tp u t
p ix e l is  th e  s a m e  in  b o th  d ire c tio n s  o r  to  s im p ly  in c re a s e  o r  d e c re a s e  th e  s a m p lin g  in te r v a l.
e s d e lta w  ( s p e c ifie d  in  A n g s tro m s ) c a n  b e  u s e d  to  s p e c if y  th e  s a m p lin g  s p a c in g  in  th e  o u tp u t
im a g e  in  th e  d is p e rs io n  d ir e c tio n .  If  e s d e lta w  is  s p e c if ie d , th e n  e s d e lta s  is  ig n o re d .  

T h e  c e n te r  o f th e  re c tif ie d  im a g e  c a n  b e  c o n tr o lle d  b y  th e  p a ra m e te rs : e s c e n tl ( s p a tia l c e n te r  in
r a w  im a g e  c o o r d in a te s ) ; e s c e n ts  ( c e n te r  in  th e  d is p e rs io n  d ir e c tio n  in  r a w  d a ta  c o o r d in a te s ) ; a n d
e s c e n tw  ( c e n tr a l w a v e le n g th ) .  If e s c e n tw  is  s p e c if ie d , th e n  e s c e n ts  is  ig n o r e d .  T h e s e  p a r a m e te r s ,
a lo n g  w ith  th e  o u tp u t im a g e  s iz e  p a r a m e te r s , c a n  b e  u s e d  to  e x tra c t m u ltip le  e m is s io n  lin e s  f r o m
th e  s a m e  o r  d iff e re n t o b s e r v a tio n s  o n  th e  s a m e  o u tp u t im a g e  s c a le  to  a llo w  e a s y  c o m p a ris o n  o f
th e  d if fe r e n t s p e c tr a l lin e s .
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T h e  o u tp u t w a v e le n g th s  o f th e  e x te n d e d  s o u rc e  e x tra c tio n  a re  o n  a  lin e a r s c a le  ( c o n s ta n t d e lta
w a v e le n g th  b e tw e e n  p ix e ls ) . In  s o m e  c a s e s , it m a y  b e  a d v a n ta g e o u s  to  p la c e  th e  w a v e le n g th s  o n
a  c o n s ta n t r a d ia l v e lo c ity  s c a le  ( c o n s ta n t lo g ( la m d a ) ) .  T h is  is  d o n e  b y  s e ttin g  th e  p a r a m e te r
e s lo g l to  1 .  W h e n  e s lo g l is  s e t to  1 , th e  s p a c in g  b e tw e e n  p ix e ls  is  s u c h  th a t th e  d e lta  lo g 1 0  o f  th e
w a v e le n g th  is  e q u a l to  th e  a v e r a g e  d iff e re n c e  o f th e  lo g 1 0  o f th e  m a x im u m  w a v e le n g th  a n d  lo g 1 0

o f  th e  m in im u m  w a v e le n g th  d iv id e d  b y  1 0 2 4  tim e s  e s d e lta s .  A lte r n a tiv e ly , y o u  c a n  s p e c ify  th e
s p a c in g  w h e n  e s lo g l is  s e t to  1  b y  s e ttin g  e s d e lta w  to  th e  lo g 1 0  o f y o u r d e s ir e d  s p a c in g .

9 .2  E x t e n d e d  S o u r c e  F lu x  C a lib r a t io n

Y o u  h a v e  th re e  c h o ic e s  fo r  flu x  u n its  f ro m  CA L S T IS  w h e n  ru n  in  e x te n d e d  s o u rc e  m o d e :

1 )   c o u n ts /s e c /p ix e l (c o u n t ra te s )
C A L ST I S,id ,'e x te n d e d = 1 ,s e n s ta b = n o n e ',...

2 )   e r g s /c m 2 /s e c /A n g /c ro s s -d is p e rs io n  d e te c to r  p ix e l ( s ta n d a rd  CA L S T IS  p o in t s o u rc e  flu x  u n its )
C A L ST I S,id ,'e x te n d e d = 1 ',...

3 )   e r g s /s e c /c m 2 /A n g /A r c s e c 2  (s u r fa c e  b rig h tn e s s  u n its / s p e c if ic  in te n s ity )
C A L ST I S,id ,'e x te n d e d = 1 ,s u r f a c e b = 1 '

In  d e f a u lt m o d e , CA L S T IS  w ill c o n v e r t e x te n d e d  s o u r c e  e x tr a c tio n s  to  a b s o lu te  flu x  in  u n its  o f
e rg s /c m 2 /s e c /A n g /c r o s s - d is p e r s io n  d e te c to r p ix e l, w h e re  a  d e te c to r  p ix e l is  a  L o - R e s  p ix e l f o r th e
M A M A  d e te c to r .  CA L S T IS  c o n v e rts  th e  r e c tif ie d  c o u n t ra te  im a g e  ( c o u n ts /s e c o n d /p ix e l) to  f lu x
u n its  b y  d iv id in g  b y  th e  c a lib ra te d  p o in t s o u r c e  s e n s itiv ity  f u n c tio n  a d ju s te d  to  a n  " in fin ite "
e x tra c tio n  s lit h e ig h t ( i.e . G W ID T H  =  6 0 0 )  u s in g  ta b le  a p tta b .  

T o  e x tra c t a  p o in t s o u r c e -lik e  s p e c tr u m  f r o m  th e  re c tif ie d  f lu x  im a g e  ( w ith  u n its  o f
e rg s /c m 2 /s e c /A n g ), f ir s t f in d  th e  im a g e  lin e s  ( r o w s ) in  th e  r e c tifie d  im a g e  c o n ta in in g  th e  o b je c t.
Ca ll th e m  L 1  a n d  L 2 . In te g r a te  th e  lin e s :

C A L ST I S,id ,'e x te n d e d = 1 ', h , m , w , f , e p s , e r r
e x t_ f lu x  =  to ta l( f( * ,L 1 : L 2 ),2 )

o r  if  y o u  u s e d  a  n o n -d e f a u lt v a lu e  fo r  e s d e lta l:

e x t_ f lu x  =  to ta l( f( * ,L 1 : L 2 ),2 ) * s x p a r (h ,’ e s d e lta l’ )

e d e lta l w ill b e  1 .0  f o r  th e  d e fa u lt e x tr a c tio n . It c o n ta in s  th e  c r o s s - d is p e r s io n  s p a c in g  b e tw e e n
r e c tif ie d  im a g e  p ix e ls  in  ra w  d e te c to r  p ix e l u n its .

T h is  e x tr a c tio n  s u f f e r s  fr o m  a  c o u p le  o f p o s s ib ly  s e r io u s  p r o b le m s :
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P R O B L E M  1 )  N o  b a c k g r o u n d  h a s  b e e n  s u b tr a c te d .  E r ro r s  in  th e  d a rk  s u b tra c tio n  o r
c o n ta m in a tio n  b y  o th e r  b rig h t s o u r c e s  c a n  a ff e c t th e  f lu x  le v e ls .  T o  c o m b a t th is  p r o b le m ,
e s tim a te  th e  b a c k g r o u n d  in  n e a r b y  r e g io n s  (in  th e  y  d ir e c tio n ) th a t d o  n o t h a v e  o b je c ts  p r e s e n t.
F o r  e x a m p le :

b a c k _ flu x  =  to ta l( f (* ,L 3 : L 4 ) ,2 )/( L 4 -L 3 + 1 )  *  (L 2 - L 1 + 1 )
< a t th is  p o in t y o u  m a y  w a n t to  s m o o th  b a c k _ f lu x >

e x t_ f lu x  =  ( to ta l(f (* ,L 1 :L 2 ) ,2 ) -b a c k _ f lu x ) * s x p a r (h ,’ e s d e lta l’ )

P R O B L E M  2 )  T h e  m e a s u r e d  flu x  f o r th e  o b je c t w ill d e p e n d  o n  th e  e x te n t in  y -d ire c tio n  ( th e
r a n g e  o f  L 1  a n d  L 2 )  o f th e  e x tr a c tio n  s lit.  In  p o in t s o u r c e  e x tr a c tio n  m o d e , CA L S T IS  r e fe r s  to
th is  a s  th e  G W I D T H .  T h e  d e f a u lt e x te n d e d  s o u rc e  e x tr a c tio n  a s s u m e s  ( G W ID T H = 6 0 0 ) w h ic h  is
c o n s id e r e d  a s  a  " in f in ite "  g w id th  f o r c a lib r a tio n  p u rp o s e s .  T o  a d ju s t s e n s itiv ity  c a lib r a tio n  fo r
th e  w id th  o f  th e  e x tra c tio n  r e g io n  c o m p u te :

g w id th  =  ( L 2 - L 1 + 1 ) * s x p a r ( h ,'e d e lta l')
p r in t,g w id th

N o w , b e fo r e  e x tr a c tin g  th e  e x tr a c tin g  th e  s p e c tr u m , te ll CA L S T IS  th a t y o u  a r e  g o in g  to  b e  u s in g
th is  e x tra c tio n  g w id th  b y :

C A L ST I S,id ,'e x te n d e d = 1 ,e s g w id th = < g w id th > ', h , m , w , f, e p s , e r r

w h e r e   < g w id th >  is  th e  v a lu e  y o u  c o m p u te d  a b o v e .

If  y o u  a r e  g o in g  to  e x tra c t m u ltip le  o b je c ts  w ith  d if fe r e n t g w id th s  y o u  m a y  n o t w a n t to  h a v e  to
k e e p  re - ru n n in g  CA L S T IS .  A lte r n a te ly  y o u  c a n  m a k e  th e  c o rr e c tio n  a f te r  r u n n in g  CA L S T IS
w ith o u t s p e c if y in g  e s g w ith . G e t th e  s e n s itiv ity  f u n c tio n  fo r  a n  in f in ite  s lit a n d  fo r  y o u r  e x tra c tio n
s lit:

C A L ST I S_ SE N S, h , m s e n s , w s e n s 1 , s e n s 1 , g w id th = g w id th
lin te r p , w s e n s 1 , s e n s 1 , w , in t_ s e n s 1 ; in te r p o la te  to  o b s e r v a tio n
C A L ST I S_ SE N S, h , m s e n s , w s e n s 2 , s e n s 2 , g w id th = 6 0 0
lin te r p , w s e n s 2 , s e n s 2 , w , in t_ s e n s 2

A d ju s t th e  e x tr a c te d  f lu x  to  y o u r  e x tra c te d  s lit s iz e :

e x t_ f lu x  =  e x t_ flu x * in t_ s e n s 2 /in t_ s e n s 1

N o te : th e  g w id th  c o r r e c tio n  b e c o m e s  m o re  a n d  m o re  in a c c u r a te  a s  g w id th  d e c re a s e s  f o r  v a lu e s    
le s s  th a n  5 .

P R O B L E M  3 )   T h e  d e f a u lt fo r  e x te n d e d  s o u r c e  c a lib r a tio n  d o e s  n o t c o rr e c t f o r th e  p o in t
s o u rc e  th ro u g h p u t o f th e  s lit.  A fte r a ll, in  e x te n d e d  s o u rc e  c a lib ra tio n s , y o u  d o  n o t n e c e s s a r ily
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h a v e  p o in t s o u rc e s  c e n te re d  in  th e  s lit.  T h is  c o r re c tio n  is  im p o rta n t f o r a p e r tu r e s  w ith  w id th s  le s s
th e n  o r  e q u a l to  0 .2  a rc s e c .  T o  te ll CA L S T IS  to  p e r fo r m  th is  c o r re c tio n , s e t p a r a m e te r  e s p s = 1 :

C A L ST I S,id ,'e x te n d e d = 1 ,e s p s = 1 ...
N o te  h o w e v e r, th is  c o r re c tio n  w ill b e  in a c c u r a te  if th e  ta r g e t is  n o t c e n te re d  in  th e  s lit o r if  th e
ta r g e t h a s  a n y  s ig n ific a n t s p a tia l e x te n t ( a  b lo b ) .

P R O B L E M  4 )  D u rin g  e x te n d e d  s o u rc e  c a lib ra tio n s , n o  CCD  CT E  c o r re c tio n  is  d o n e .  T h e
CT E  c o rr e c tio n  d o n e  b y  CA L S T IS  f o r p o in t s o u r c e  e x tr a c tio n s  a s s u m e  th a t th e  ta r g e t is  a n
u n r e s o lv e d  p o in t s o u rc e  (s ta r)  a n d  th a t n o  o th e r  ta r g e t is  p r e s e n t in  th e  s lit.  S in c e  y o u  a r e  d o in g
a n  e x te n d e d  s o u rc e  e x tra c tio n , th is  is  p r o b a b ly  n o t th e  c a s e  a n d  a  v a lid  CT E  c o r re c tio n  w o u ld  b e
e x tre m e ly  d if fic u lt.

A n  e x te n d e d  s o u r c e  c a lib r a tio n  k e y w o r d , e s s n w a v e  (c o n ta in in g  a  w a v e le n g th  f o r s e n s itiv ity
c a lib ra tio n ) , c a n  b e  u s e d  to  c a lib r a te  th e  e n tire  e x te n d e d  s o u r c e  r e c tifie d  im a g e  w ith  th e  s a m e
s e n s itiv ity  v a lu e  ( th e  v a lu e  a t e s s n w a v e ) .  S u p p o s e  th e  r e c tif ie d  im a g e  is  a  s litle s s  s p e c tru m  o f  a n
e m is s io n  lin e  s o u r c e .  If  p o r tio n s  o f th e  s o u r c e  a r e  o ff s e t s p a tia lly  in  th e  d is p e rs io n  d ir e c tio n , th e y
w ill a p p e a r in  th e  r e c tifie d  im a g e  a t d if fe r e n t w a v e le n g th s  w h e n  in  fa c t th e y  a r e  a p p r o x im a te ly
th e  s a m e  w a v e le n g th .  In  th is  c a s e , th e  s e n s itiv ity  c o rr e c tio n  s h o u ld  b e  m a d e  u s in g  th e  a c tu a l
w a v e le n g th  o f th e  s o u rc e .  F o r e x a m p le , a n  e m is s io n  lin e  s o u r c e  a t 2 5 0 0  A n g s tr o m s  c o u ld  b e
c a lib ra te d  b y :

C A L ST I S,id ,'e x te n d e d = 1 ,s e n s ta b = d e f,e s s n w a v e = 2 5 0 0 .0 ',h ,m ,w ,f

9 .3  N o n - lin e a r  in t e r p o la t io n  in  E x t e n d e d  S o u r c e  E x t r a c t io n s :

CA L S T IS  u s e s  b i- lin e a r in te r p o la tio n  to  r e s a m p le  e x te n d e d  s o u r c e  e x tr a c tio n s  o n to  a  lin e a r
w a v e le n g th  (x ) a n d  s p a tia l ( y )  g rid .  T o  u s e  a lte r n a te  in te r p o la tio n  m e th o d s  y o u  m u s t d o  it
y o u r s e lf .  H o w e v e r ,  CA L S T IS  d o e s  s u p p ly  o u tp u ts  to  m a k e  th is  jo b  e a s ie r f o r  y o u .  F irs t ru n
CA L S T IS  w ith  y o u r  d e s ir e d  p a r a m e te rs  a n d  s u p p ly  a ll o u tp u t v a ria b le s :

C A L ST I S,id ,'e x te n d e d = 1 ',h ,m ,w ,f ,e p s f ,e r r f ,s e n s ,x ,y ,ju n k ,im a g e ,e p s ,e r r

T h e  im p o r ta n t o u p u t p a r a m e te r s  a re :
im a g e  -  th e  f la t fie ld e d  c o u n t ra te  im a g e  in  ra w  d a ta  s p a c e
x  -  a  2 - D  a r ra y  o f x  lo c a tio n s  o f e a c h  o u tp u t flu x  p o s itio n  in  im a g e
y  - a  2 - D  a r ra y  o f  y  lo c a tio n s  o f e a c h  o u tp u t flu x  p o s itio n  in  im a g e
s e n s  - th e  s e n s itiv ity  v e c to r f o r c o n v e r tin g  c o u n t r a te s  to  f lu x  u n its

F o r  e x a m p le , to  d u p lic a te  th e  in te rp o la tio n  u s e d  b y  CA L S T IS  u s e :

f  =  in te r o p la te ( im a g e ,x ,y ,m is s in g = 0 )
f  =  s iz e ( f)  &  n y  =  s (2 )
f o r  i= 0 ,n y - 1  d o  f (0 ,i) =  f( * ,i)/s e n s
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O r  to  p e r f o rm  a  c u b ic  in te rp o la tio n  u s e :

f  =  in te r o p la te ( im a g e ,x ,y ,m is s in g = 0 ,c u b ic = -0 .5 )
f  =  s iz e ( f)  &  n y  =  s (2 )
f o r  i= 0 ,n y - 1  d o  f (0 ,i) =  f( * ,i)/s e n s

9 .4  E x t e n d e d  S o u r c e  E x t r a c t io n  O u t p u t s

T h e  c a llin g  s e q u e n c e  f o r a n  e x te n d e d  s o u r c e  e x tr a c tio n  is  d if f e r e n t th a n  th e  p o in t s o u r c e
e x tra c tio n :

c a ls tis ,id ,’e x te n d e d = 1 ..., h , m , w a v e , f lu x , e p s f , e r r f , s e n s ,x ,y , u n u s e d , im a g e ,e p s ,e r r

T h e  o u tp u t p a r a m e te r s  th a t w e re  u s e d  fo r  g r o s s , b a c k g r o u n d , a n d  n e t s p e c tra  a r e  n o w  u s e d  f o r
s e n s , x , a n d  y .  

F o r  firs t o rd e r  g ra tin g  e x te n d e d  s o u r c e  e x tra c tio n s , f lu x  w ill b e  a  2 - D  r e c tifie d  im a g e  o f  s iz e
e s n s o u t x  e s n lo u t w h e r e  e s n s o u t a n d  e s n lo u t a re  p a ra m e te r s  w ith  a  d e fa u lt v a lu e  o f  1 0 6 4 .
W a v e le n g th  r u n s  fr o m  le f t to  rig h t in  th is  im a g e  a n d  s p a tia l p o s itio n  ( a lo n g  th e  s lit)  ru n s  f ro m  to p
to  b o tto m .  F o r  a n  e x te n d e d  s o u rc e  e x tra c tio n , w a v e  w ill h a v e  e s n s o u t v a lu e s , s u c h  th a t w a v e (i)
is  th e  w a v e le n g th  fo r  th e  im a g e  c o lu m n , flu x ( i,* ) .  e p s f is  a  d a ta  q u a lity  im a g e  w ith  th e  s a m e  s iz e
a s  flu x .  T h e  c o d e d  v a lu e s  in  e p s f c a n  b e  fo u n d  in  A p p e n d ix  A .  e r r f is  th e  p r o p a g a te d  s ta tis tic a l
e rr o r  im a g e .  It is  im p o rta n t to  n o te  th a t s in c e  th e  v a lu e s  in  f lu x  w e re  c o n s tr u c te d  u s in g  b ilin e a r
in te r p o la tio n , th e  p ro p a g a te d  s ta tis tic a l e r r o rs  in  e r r f  c a n  b e  c o rr e la te d  b e tw e e n  n e ig h b o r in g
p ix e ls  ( i.e . h a v e  a  n o n - z e ro  c o v a r ia n c e ).  s e n s  c o n ta in s  a   s e n s itiv ity  v e c to r  o f le n g th  e s n s o u t.
s e n s (i) c o n ta in s  th e  s e n s itiv ity  u s e d  to  c a lib r a te  c o lu m n  f lu x ( i,* ).  x  a n d  y  a re  im a g e s  w ith  th e
s a m e  s iz e  a s  flu x .  x ( i,j)  a n d  y ( i,j)  g iv e  th e  lo c a tio n  in  th e  ra w  im a g e  ( to  a  f ra c tio n  o f  a  p ix e l) o f
w h e r e  th e  v a lu e  o f  flu x ( i,j)  w a s  d e r iv e d .  u n u s e d  is  a n  u n u s e d  o u tp u t p a r a m e te r.  im a g e , e p s , a n d
e r r  h a v e  th e  s a m e  r e s u lts  a s  f o r c a m e r a  m o d e  im a g e s  a n d  p o in t s o u r c e  e x tr a c tio n s .  T h e y  c o n ta in
th e  f la t f ie ld e d  c o u n t ra te  im a g e  a lo n g  w ith  its  a s s o c ia te d  d a ta  q u a lity  a n d  e rr o r  im a g e .

1 0 .0  C A L S T I S  O u t p u t  Da ta  F ile s

In  a d d itio n  to  r e tu r n in g  th e  re s u lts  in  th e  c a llin g  s e q u e n c e , CA L S T IS  c a n  a ls o  w rite  th e m  in to
F IT S  d a ta  file s .  T w o  p a ra m e te rs  c o n tro l th e  F IT S  file  o u tp u t: o u tim a g e  a n d  o u ts p e c .
o u tim a g e  te lls  CA L S T IS  w h e th e r  o r  n o t to  w r ite  th e  f la t fie ld e d  c o u n t ra te  im a g e  to  a  f ile .  It
c u rr e n tly  h a s  a  d e fa u lt v a lu e  o f  N O N E  (i.e . d o  n o t w rite  th is  f ile ) .  o u ts p e c  c o n tr o ls  w h e th e r o r
n o t CA L S T IS  w ill w rite  th e  o u tp u t o f th e  p o in t s o u rc e  s p e c tr a l e x tra c tio n  o r  th e  e x te n d e d  s o u r c e
r e c tif ie d  im a g e  f ile .  T h e  d e f a u lt f o r o u ts p e c  is  DE F  (i.e . w r ite  th e  f ile  u s in g  th e  d e f a u lt file
n a m e ) .  o u ts p e c  a n d  o u tim a g e  c a n  b e  s e t to  a  f ile  n a m e , N O N E , o r DE F .  If  s e t to  a  file  n a m e
( e .g .  c a ls tis ,id ,’ o u tim a g e = m y file .f its ’,...) , CA L S T IS  w ill w r ite  th e  r e s u lts  to  th e  s p e c if ie d  f ile ,  if
s e t to  N O N E , CA L S T IS  w ill n o t w r ite  th e  f ile , a n d  if  s e t to  DE F , CA L S T IS  w ill w r ite  th e  f ile
u s in g  th e  d e f a u lt n a m e .  T h e  d e f a u lt file n a m e s  a r e :
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F ile t y p e F ile n a m e
F la t f ie ld e d  c o u n t ra te  im a g e  f ile im _ < id > .f its
E x te n d e d  s o u r c e  e x tr a c tio n  file e s p e c _ < id > .f its  
P o in t s o u r c e  s p e c tr a l e x tr a c tio n  f ile s p e c _ < id > .f its

w h e r e  < id >  is  th e  o b s e r v a tio n  id e n tif ic a tio n  ( fir s t in p u t to  CA L S T IS ) .

1 0 .1  O u t p u t  F la t  F ie ld e d  C o u n t  R a t e  I m a g e  F ile

T h e  o u tp u t f la t fie ld e d  c o u n t ra te  im a g e  is  p la c e d  in to  a  F IT S  f ile  w ith  th re e  e x te n s io n s .  T h e  firs t
c o n ta in s  th e  f la t fie ld e d  im a g e , th e  s e c o n d  c o n ta in s  th e  d a ta  q u a lity  im a g e  w ith  c o d e d  v a lu e s
d e s c r ib e d  in  A p p e n d ix  A , a n d  th e  th ird  c o n ta in s  th e  p r o p a g a te d  s ta tis tic a l e r ro r  im a g e .
T h is  file  c a n  b e  re a d  b y  ID L  u s in g :

f its _ o p e n ,’< file n a m e > ’ ,f c b
f its _ r e a d ,f c b ,im a g e ,h
f its _ r e a d ,f c b ,e p s ,h
f its _ r e a d ,f c b ,e r r ,h
f its _ c lo s e ,fc b

O r  a lte rn a tiv e ly , th e  e x te n s io n s  c a n  b e  ra n d o m ly  a c c e s s e d  b y :

f its _ r e a d ,f c b ,e r r ,h ,e x te n = 3
o r f its _ r e a d ,’ < f ile n a m e > ’ ,e r r ,h ,e x te n = 3

W h e n  th e  f ile  n a m e  is  s u p p lie d  to  fits _ r e a d , th e  r o u tin e  w ill o p e n  a n d  c lo s e  th e  f ile  fo r  y o u .

1 0 .2  O u t p u t  E x t e n d e d  S o u r c e  E x t r a c t io n  F ile

T h e  o u tp u t r e c tifie d  im a g e  f ro m  th e  e x te n d e d  s o u r c e  e x tr a c tio n  h a s  th e  s a m e  fo r m a t fo r  th e  f irs t
th re e  e x te n s io n s  a s  th e  f la t f ie ld e d  c o u n t ra te  im a g e  e x c e p t th a t th e  im a g e s  a r e  th e  re c tif ie d
s p e c tr a l im a g e s  o p tio n a lly  c o n v e rte d  to  a b s o lu te  flu x .  T h e  f ile  h a s  a  f o u rth  e x te n s io n  c o n ta in in g
th e  1 - D  w a v e le n g th  v e c to r  a n d  a  fifth  e x te n s io n  c o n ta in in g  th e  s e n s itiv ity  v e c to r  u s e d  to  c o n v e rt
f ro m  c o u n t r a te s  to  f lu x  u n its .

1 0 .3  E x t r a c t e d  P o in t  S o u r c e  S p e c t r a l F ile

T h e  p o in t s o u r c e  e x tra c tio n s  a re  w ritte n  in to  a  F IT S  b in a ry  ta b le .  T h e  ta b le  h a s  o n e  ro w  p e r
s p e c tr a l o r d e r  a n d  h a s  th e  fo llo w in g  c o lu m n s :

id  - th e  o b s e r v a tio n  ID  n u m b e r o r  in p u t f ile n a m e
m o d e _ id  -  th e  m o d e  ID  ( 1 .1 , 1 .2 , 1 .3 , ...)
c e n w a v e  - th e  c o m m a n d e d  c e n tra l w a v e le n g th
o r d e r  -  th e  s p e c tr a l o r d e r n u m b e r f o r  th is  ro w
m 1  - th e  fir s t s p e c tr a l o r d e r  e x tra c te d
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m 2  - th e  la s t s p e c tra l o rd e r  e x tr a c te d
lin e  -  th e  c e n tr a l lin e  p o s itio n  ( c r o s s -d is p e r s io n  d ir e c tio n )  a t th e  c e n te r o f  th e  s p e c tr u m
s litn u m  - th e  n u m b e r  o f th e  s lit u s e d
w a v e le n g th  -  th e  w a v e le n g th  v e c to r
f lu x  -  th e  f lu x  v e c to r
e p s f -  d a ta  q u a lity  v e c to r  fo r  f lu x
e r r f  -  p ro p a g a te d  s ta tis tic a l e r r o r v e c to r  f o r f lu x
g r o s s  -  th e  g r o s s  s p e c tr u m
b lo w e r  - th e  lo w e r  b a c k g r o u n d  s p e c tr u m
b u p p e r  - th e  u p p e r b a c k g ro u n d  s p e c tr u m
n e t -  th e  n e t s p e c tr u m  ( g ro s s  - s m o o th e d  b a c k g ro u n d )
p o s itio n  - th e  p o s itio n  v e c to r o f  th e  c e n te r  o f th e  e x tr a c tio n  s lit.  p o s itio n ( i)  g iv e s  th e

p o s itio n  o f th e  e x tr a c tio n  s lit f o r f lu x (i) .
c o e f -  th e  d is p e r s io n  c o e f fic ie n ts  u s e d  f o r c o m p u tin g  th e  w a v e le n g th s

S o m e  o f th e  c o lu m n s  h a v e  b e e n  in c lu d e d  to  a llo w  a n  e x tra c te d  p o in t s o u r c e  s p e c tra l file  to  b e
u s e d  a s  a n  in p u t d is p e r s io n  c o e f fic ie n t ta b le  (DC T A B )  o r e x tra c tio n  tra c e  ta b le  (E X T T A B ) f o r
s u b s e q u e n t c a lls  to  CA L S T IS  f o r  th is  o b s e r v a tio n  o r f o r  a n o th e r.  F o r  e x a m p le , to  c a lib r a te
a n o th e r  o b s e r v a tio n  u s in g  th e  e x a c t s a m e  s p e c tra l p o s itio n  a n d  d is p e r s io n  c o e f fic ie n ts  u s e d  to
e x tra c t o b s e r v a tio n  9 9 9 9 :

c a ls tis ,id ,’e x tta b = s p e c _ 9 9 9 9 .f its ,d c ta b = s p e c _ 9 9 9 9 .f its ’,....

T h e  e a s ie s t w a y  to  r e a d  th e  F IT S  b in a r y  ta b le  in to  ID L  is  to  u s e  th e  f u n c tio n  M R D F I T S.

a  =  m r d f its (f ile n a m e ,1 ,h e a d e r )

T h is  w ill re a d  th e  ta b le  s to re d  in  th e  s u p p lie d  file n a m e  in to  a n  ID L  s tr u c tu r e , a . F o r a n  e c h e lle
m o d e , a  w ill b e  a  s tru c tu re  a rr a y .  T h e  o p tio n a l o u tp u t p a ra m e te r , h e a d e r , c o n ta in s  th e  F IT S
h e a d e r .  T h e  f o llo w in g  e x a m p le s  s h o w  h o w  to  e x tr a c t in f o r m a tio n  f ro m  th e  s tru c tu re .  A d d itio n a l
in fo r m a tio n  c a n  b e  fo u n d  in  th e  ID L  u s e r  m a n u a ls .

E x a m p le  1 :  P lo t th e  b a c k g r o u n d  n o rm a liz e d  to  th e  e x tr a c tio n  s lit o f  th e  g r o s s  a n d  o v e rp lo t th e
s m o o th e d  b a c k g r o u n d  fo r  a  fir s t o r d e r  g ra tin g  p o in t s o u r c e  e x tr a c tio n .

b a c k  =  ( a .b lo w e r  +  a .b u p p e r )/2 * s x p a r ( h e a d e r ,’g w id th ’ )/s x p a r ( h e a d e r ,’b w id th ’ )
s b a c k  =  a .g r o s s  -  a .n e t ; s m o o th e d  b a c k g r o u n d
p lo t,a .w a v e le n g th ,b a c k ,p s y m = 1
o p lo t,a .w a v e le n g th ,s b a c k

E x a m p le  2 : P u t th e  r e s u lts  o f  a n  e c h e lle  e x tra c tio n  in to  2 - D  a r ra y s  a s  th e y  w o u ld  h a v e  b e e n
r e tu r n e d  o n  th e  c a llin g  s e q u e n c e  to  CA L S T IS .

m  =  a .o r d e r
w a v e  =  a .w a v e le n g th
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f lu x  =  a .flu x
e p s f =  a .e p f s
e r r f  =  a .e r r f

E x a m p le  3 : P lo t th e  e x tr a c te d  s p e c tru m  f o r e c h e lle  s p e c tra l o rd e r  4 7 0 .

in d e x  =  w h e r e ( a .o r d e r  e q  4 7 0 )
p lo t, a ( in d e x ) .w a v e le n g th , a ( in d e x ).f lu x

1 1 .0  S u p p ly in g  I n p u t  Da ta  t o  C A L S T I S

In  s o m e  c a s e s , y o u  m a y  w a n t to  p e rf o r m  s o m e  p r e -p r o c e s s in g  to  th e  d a ta  b e fo r e  c a llin g
CA L S T IS .  T o  d o  th is , CA L S T IS  h a s  fo u r  o p tio n a l k e y w o r d  in p u t v a ria b le s , w h ic h  a llo w  y o u  to
s p e c if y  th e  d a ta  to  b e  c a lib ra te d .  T h e s e  v a r ia b le s  a r e  d a ta , h e a d e r , e r r in , a n d  e p s in .  T o  u s e
th e m , y o u  a r e  R E Q U IR E D  to  s p e c ify  b o th  d a ta  a n d  a  v a lid  h e a d e r .  e r r in  a n d  e p s in  a r e  o p tio n a l.

F o r  e x a m p le , r e a d  a n  o b s e r v a tio n , d o  s o m e  p re - p ro c e s s in g  a n d  th e n  c a ll CA L S T IS :

s tis _ r e a d ,id ,h r a w ,r a w ; r e a d  r a w  d a ta

;    D o  s o m e  p re -p ro c e s s in g  (fo r e x a m p le , fix  s o m e  c o s m ic  ra y s )

c a ls tis ,id ,0 ,h ,m ,w ,f ,e p s f ,e r r f ,d a ta = r a w ,h e a d e r = h r a w

E v e n  th o u g h  y o u  a re  p a s s in g  th e  d a ta  to  CA L S T IS , a n  ID  n u m b e r  o r in p u t file  n a m e  m u s t s till b e
s u p p lie d .  It is  u s e d  o n ly  fo r  id e n tif ic a tio n  p u r p o s e s  a n d  f o r c o n s tru c tin g  o u tp u t f ile  n a m e s .  T h e
in p u t o b s e rv a tio n  is  n o t r e a d  b y  CA L S T IS .

S a y  y o u  w a n t to  c o m b in e  a ll r e a d o u ts  in  a  lis t o f m u ltip le  CCD  o b s e rv a tio n s  ( s to r e d  in  v e c to r
lis t) w ith  c o s m ic  r a y  r e m o v a l.  Y o u  c a n  u s e :

s tis _ c r ,lis t,h e a d e r ,d a ta ,e r r ,e p s
c a ls tis ,’ a e io u ’ , 0 , d a ta = d a ta , h e a d e r = h e a d e r , e p s in = e p s , e r r in = e r r

N o tic e  th a t a  n o n s e n s e  o b s e rv a tio n  ID  w a s  u s e d .  A n y  ID  c o u ld  h a v e  b e e n  u s e d  to  id e n tif y  th e
d a ta .  A ls o  n o te  th a t s in c e  th e  c o s m ic  r a y  r e je c tio n  a lg o r ith m  c a n  a f fe c t th e  s ta tis tic a l e r ro r s
c a lc u la tio n  in  d a ta  p o in ts  w h e re  c o s m ic  ra y s  w e r e  re je c te d , a n  e r r in  is  s u p p lie d  to  CA L S T IS .
e p s in  is  s u p p lie d  b e c a u s e  it h a s  in f o rm a tio n  o n  th e  n u m b e r o f  c o s m ic  r a y  v a lu e s  th a t w e r e
r e je c te d  f o r e a c h  p ix e l.  T h e  p re v io u s  e x a m p le  c o u ld  a ls o  h a v e  b e e n  d o n e  u s in g :

s tis _ c r ,lis t,o u tfile = ’m y f ile .fits ’
c a ls tis ,’ m y f ile .f its ’
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1 2 .0  S T I S  Da ta  C a t a lo g , S T I S L O G

A ll S T IS  d a ta  a r e  s to r e d  in  a n  ID L  d a ta  b a s e  c a ta lo g , S T IS L O G .  T o  s e a r c h , s o rt, o r d is p la y
p o r tio n s  o f th is  c a ta lo g , a  s e t o f ID L  ro u tin e s  ( b e g in n in g  w ith  c h a r a c te r s  D B )  c a n  b e  u s e d .  T h e s e
r o u tin e s  in c lu d e :

d b o p e n  -  o p e n  a  c a ta lo g .
d b h e lp  - p r in t h e lp  in f o rm a tio n .
d b f in d  -  s e a r c h  th e  c a ta lo g .
d b s o r t -  s o rt th e  c a ta lo g  o r s e le c te d  e n trie s  fr o m  th e  c a ta lo g .
d b p r in t -  p rin t th e  c a ta lo g  o r  s e le c te d  p o r tio n s  o f th e  c a ta lo g .
d b e x t -  e x tra c t v a lu e s  f r o m  th e  c a ta lo g .

A d d itio n a l d o c u m e n ta tio n  o n  th e s e  r o u tin e s  c a n  b e  f o u n d  in  th e ir  h e lp  f ile s  o r in  th e  G H R S
s o ftw a r e  u s e r s  g u id e  fo u n d  a t th e  G H R S  ID T  w e b s ite : 

h ttp ://h r s s u n .g s fc .n a s a .g o v /s w g - v 2 _ 1 /o n lin e _ s w g /n o d e 2 9 .h tm l

T h e  f o llo w in g  e x a m p le s  w ill g e t y o u  s ta r te d :

d b h e lp ; p rin t lis t o f a v a ila b le  c a ta lo g s
d b h e lp ,1 ; p rin t lis t o f c a ta lo g s  w ith  s h o rt d e s c rip tio n s
d b o p e n ,’ s tis lo g ’ ; o p e n  th e  s tis  c a ta lo g
d b h e lp ,1 ; p rin t th e  ite m s  s to re d  in  th e  S T I S  c a ta lo g
lis t =  d b f in d ( ‘ p r o p o s id = 7 6 0 5 ’ )  ; fin d  a ll o b s e rv a tio n s  fo r p ro p o s a l 7 6 0 5
s o r t_ lis t =  d b s o r t( lis t,’te x p s tr t’ )  ;s o rt lis t b y  e x p o s u re  s ta rt tim e
;
;  p rin t s o m e  in fo rm a tio n  a b o u t th e  o b s e rv a tio n s
;
d b p r in t,s o r t_ lis t,’ e n tr y ,file n a m e ,ta r g n a m e ,o p t_ e le m ,c e n w a v e ,te x p tim e ,s c la m p ’
;
;  p rin t th e  s a m e  re s u lts  in to  a  file , s tis lo g .p rt, fo r la te r p rin tin g
;
d b p r in t,s o r t_ lis t,’ e n tr y ,ta r g n a m e ,o p t_ e le m ,c e n w a v e ,te x p tim e ,n r e a d s ,s c la m p ’ ,te x to u t= 3

N o te  th a t th e  in te g e r v a lu e s  in  lis t a n d  s o r t_ lis t a r e  th e  s a m e  a s  th e  v a lu e  o f  ite m  e n tr y .  T h is  is
th e  v a lu e  th a t c a n  b e  u s e d  in  th e  c a ll to  CA L S T IS  a s  th e  f irs t in p u t p a ra m e te r in s te a d  o f
s u p p ly in g  a  f ile n a m e . F o r e x a m p le , th e  fo llo w in g  tw o  lin e s  w ill c a lib r a te  th e  s a m e  o b s e rv a tio n .

c a ls tis ,’ o 4 2 6 0 3 0 6 0 _ r a w .f its ’
a n d

c a ls tis ,2 6 0 0

S o m e  a d d itio n a l s e a r c h  e x a m p le s  a re :
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1 )  F in d  a ll G 1 4 0 L  w a v e le n g th  c a lib r a tio n  o b s e r v a tio n s

lis t =  d b f in d ( ‘ s c la m p = [ h itm ,lin e ] ,o p t_ e le m = G 1 4 0 L ’ )

2 )  F in d  a ll G 7 5 0 M  o b s e r v a tio n s  w ith  a  c e n tr a l w a v e le n g th  b e tw e e n  ( a n d  in c lu d in g )  7 5 0 0  a n d
1 0 0 0 0 :

lis t =  d b f in d ( ‘ o p t_ e le m = G 7 5 0 L ,7 5 0 0 < c e n w a v e < 1 0 0 0 0 ’)

3 )  A v e ra g e  e v e r y  F U V - M A M A  d a r k :

lis t =  d b f in d ( ‘ d e te c to r = f u v _ m a m a ,ta r g n a m e = d a r k ’ )
d a r k  =  f lta r r (1 0 2 4 ,1 0 2 4 )
e x p tim e  =  0
.r u n
-   fo r  i= 0 ,n _ e le m e n ts (lis t)- 1  d o  b e g in
- s tis _ r e a d ,lis t( i) ,h ,d
- d a r k  =  d a r k + d
- e x p tim e  =  e x p tim e  +  s x p a r (h ,’ e x p tim e ’)
-   e n d
-   e n d
d a r k  =  d a r k /e x p tim e ; c o n v e rt to  c o u n t/s e c /p ix e l
tv s c l,a lo g 1 0 ( d a r k > 0 .0 0 0 0 0 0 1 )

1 3 .0  W a v e le n g t h  Z e r o  P o in t  C a lib r a t io n

T h e  d is p e r s io n  r e la tio n s  u s e d  b y  CA L S T IS  w e re  d e riv e d  fr o m  e n g in e e r in g  w a v e c a ls  ta k e n  b o th
b e fo r e  a n d  a f te r  la u n c h .  T h e s e  d is p e r s io n  r e la tio n s  m u s t b e  a d ju s te d  to  a c c o u n t fo r  th e r m a l
m o tio n  a n d  M S M  n o n - r e p e a ta b ility .  A  ty p ic a l S T IS  o b s e rv in g  s e q u e n c e  w ill h a v e  w a v e c a ls
a s s o c ia te d  w ith  th e  s c ie n c e  o b s e r v a tio n s .  T h e s e  c a n  b e  u s e d  to  g e n e r a te  a  z e ro  p o in t a d ju s tm e n t
to  th e  lib r a ry  d is p e rs io n  c o e f f ic ie n ts  u s in g  th e  A U T O W A V E  o p tio n  to  CA L S T IS  o r  u s in g  th e
r o u tin e  S T IS _ W O F F S E T .  

U s e  th e  A U T O W A V E  k e y w o r d  p a ra m e te r  to  c o n tro l z e ro  p o in t w a v e le n g th  a d ju s tm e n ts  d u e  to
M S M  n o n -r e p e a tib ility  a n d  th e rm a l/te m p o ra l im a g e  m o tio n .  T h e  f o llo w in g  fiv e  e x a m p le s  o f
u s in g  th e  A U T O W A V E  k e y w o rd  w ill g iv e  id e n tic a l r e s u lts . 

O b s e rv a tio n  1 1 5 5 5  w ill b e  p ro c e s s e d  u s in g  th e  a s s o c ia te d  w a v e c a l 1 1 5 5 6 .

1 ) c a ls tis ,1 1 5 5 5 ,0 ,h ,m ,w a v e ,f lu x ,/a u to w a v e

2 ) s tis _ w o f fs e t,1 1 5 5 6 ,r e s u lts
c a ls tis ,1 1 5 5 5 ,0 ,h ,m ,w a v e ,f lu x ,a u to w a v e = r e s u lts

3 ) c a ls tis ,1 1 5 5 5 ,0 ,h ,m ,w a v e ,f lu x ,a u to w a v e = 1 1 5 5 6
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4 ) c a ls tis ,1 1 5 5 5 ,0 ,h ,m ,w a v e ,f lu x ,a u to w a v e = -0 .7 4

5 ) c a ls tis ,1 1 5 5 5 ,'w o f fs e t= - 0 .7 4 ',h ,m ,w a v e ,f lu x

In  th e  firs t e x a m p le  (th e  d e f a u lt) , CA L S T IS  w ill a u to m a tic a lly  f in d  th e  a s s o c ia te d  w a v e c a l f ro m
th e  h e a d e r o f  th e  s c ie n c e  o b s e rv a tio n  a n d  p r o c e s s  it.  T h e  c o rr e c t a s s o c ia te d  w a v e c a l o b s e r v a tio n
f ile n a m e  is  f o u n d  in  th e  h e a d e r  k e y w o r d  W A V E CA L , p o p u la te d  b y  in  th e  ra w  d a ta  file  b y  th e  S T
S c I.  In  th is  c a s e  o b s e r v a tio n  1 1 5 5 6  w a s  th e  a s s o c ia te d  W A V E CA L .

In  th e  s e c o n d  e x a m p le , th e  r o u tin e  S T I S _ W O F F S E T  is  u s e d  to  c o m p u te  th e  o ff s e t.  T h e  r e s u lts
a re  r e tu r n e d  in  a  s tr u c tu r e  (r e s u lts )  w h e re

r e s u lts .m jd  -  M o d if ie d  J u lia n  D a te (s )  a t th e  m id p o in t o f th e
w a v e c a l o b s e rv a tio n ( s )

r e s u lts .o ff s e ts  - z e r o -p o in t o ff s e t f o r e a c h  w a v e c a l
r e s u lts .h is to r y  -  s tr in g  h is to r y  a r ra y

In  th e  th ird  e x a m p le , CA L S T IS  w ill a u to m a tic a lly  c a ll S T IS _ W O F F S E T  u s in g  w a v e c a l
o b s e rv a tio n  1 1 5 5 6 .  If  y o u  h a v e  a  w a v e c a l th a t y o u  w a n t to  u s e  w h ic h  w a s  n o t a u to m a tic a lly
a s s o c ia te d  w ith  th e  o b s e rv a tio n , u s e  th is  m e th o d  to  s u p p ly  th e  id  n u m b e r o f  th e  w a v e c a l.

In  th e  fo u r th  a n d  f if th  e x a m p le , th e  a c tu a l z e r o p o in t o f fs e t is  p a s s e d   to  CA L S T IS  w h e r e  th e
o f fs e t w a s  n o te d  fr o m  a  p r io r c a ll to  CA L S T IS . N O T E : if  y o u  u s e  th e  a u to w a v e  k e y w o rd
p a ra m e te r , th e  v a lu e  o f  W O F F S E T  p a r a m e te r  is  ig n o re d .

If  m u ltip le  w a v e c a l o b s e r v a tio n s  a re  f o u n d  in  th e  W A V E CA L  f ile , th e y  a r e  a ll p ro c e s s e d .  T h e
z e ro  p o in t s h if t f o r th e  s c ie n c e  o b s e r v a tio n  is  th e n  c o m p u te d  u s in g  lin e a r  in te rp o la tio n  b e tw e e n
th e  w a v e c a l s h if ts  u s in g  th e  tim e  o f  th e  o b s e rv a tio n  m id p o in t.  If  th e  s c ie n c e  o b s e r v a tio n
m id p o in t is  o u ts id e  o f th e  ra n g e  o f m id p o in ts  f o r  th e  w a v e c a l o b s e rv a tio n s , th e  o ff s e t o f  th e
c lo s e s t w a v e c a l is  u s e d  (i.e . n o  e x tr a p o la tio n ) .

Ca llin g  S T IS _ W O F F S E T  p rio r to  CA L S T IS  h a s  a n  a d v a n ta g e  o v e r  le ttin g  CA L S T IS  m a k e  th e
c a ll.  If  y o u  n e e d  to  v a r y  th e  r e d u c tio n  p a ra m e te rs  to  CA L S T IS , y o u  d o  n o t n e e d  to  w a s te  tim e
r e p r o c e s s in g  th e  w a v e c a l.  A ls o  if S T IS _ W O F F S E T  f a ils  to  c o m p u te  a  c o r r e c t o ff s e t, y o u  d o  n o t
w a s te  tim e  r e d u c in g  th e  s c ie n c e  o b s e r v a tio n  w ith  a n  in c o rr e c t o f fs e t.

In  a lm o s t a ll c a s e s , S T IS _ W O F F S E T  w ill g iv e  th e  c o r re c t o f f s e t.  It is  h o w e v e r  p o s s ib le  f o r th e
c ro s s - c o r r e la tio n  o f  th e  s p e c tr a l f e a tu re s  in  th e  W A V E CA L  w ith  th e  te m p la te  s p e c tr u m  to  f a il
a n d  fin d  th e  m a x im u m  c o rr e la tio n  a t th e  w r o n g  lo c a tio n .  T h is  c a n  h a p p e n  if th e  s p e c tru m  is
o f fs e t b y  m o r e  th a n  th e  m a x im u m  s e a r c h  d is ta n c e  o r  if  e c h e lle  s p e c tr a l o r d e rs  a r e  id e n tif ie d  w ith
in c o r r e c t s p e c tra l o rd e r  n u m b s e r s .  T o  a s s is t in  id e n tif y in g  th e  r a r e  c a s e s  w h e r e  th e  a u to m a tic
p r o c e s s in g  f a ils , S T IS _ W O F F S E T  g e n e ra te s  a  p lo t o f  th e  r e s u lts  a n d  a ls o  o p tio n a lly  r e tu r n s  th e
c a lib ra te d  W A V E CA L  a n d  te m p la te  s p e c tru m  to  th e  u s e r.  
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In  th e  firs t o rd e r  g ra tin g  m o d e s , S T IS _ W O F F S E T  w ill p lo t s ix  r e g io n s  o f th e  s p e c tru m  c e n te re d
o n  th e  b r ig h te s t s p e c tr a l lin e s  w ith  th e  te m p la te  s p e c tru m  o v e rp lo tte d .  T h e  o b s e rv e d  s p e c tr u m  is
p lo tte d  w ith  a  s o lid  lin e  c o n n e c tin g  d ia m o n d s .  T h e  te m p la te  ( s m o o th e d  to  a p p ro x im a te ly  th e
r e s o lu tio n  o f  th e  o b s e rv e d  W A V E CA L ) is  p lo tte d  w ith  a  d a s h e d  lin e  c o n n e c tin g  a s te r is k s . If  th e
p lo ts  n o t n o t m a tc h , S T IS _ W O F F S E T  m a y  h a v e  f a ile d .  T o  fu r th e r  in v e s tig a te  if  th e  c o rr e la tio n
h a s  fa ile d , y o u  c a n  e x a m in e  th e  o th e r o p tio n a l o u tp u ts  o f S T IS _ W O F F S E T .  T h e  c a llin g
s e q u e n c e  is :

s tis _ w o f fs e t,id ,r e s u lts ,h ,m ,w a v e ,flu x ,w t,t,im a g e

w h e r e  h  is  th e  im a g e  F IT S  h e a d e r , m  is  a  v e c to r  o f s p e c tr a l o r d e r n u m b e rs , w a v e  is  th e  c a lib ra te d
w a v e le n g th  a rr a y , f lu x  is  th e  o b s e rv e d  s p e c tr u m , w t, t a re  th e  w a v e le n g th s  a n d  f lu x  v a lu e s  o f  th e
te m p la te  a n d  im a g e  is  th e  re c tif ie d  c o s m ic  ra y  f ilte re d  im a g e  in  th e  firs t o rd e r  g ra tin g  m o d e s  f o r
th e  la s t r e a d o u t p r o c e s s e d . If th e  ro u tin e  w a s  s u c c e s s f u l, w t a n d  t s h o u ld  o v e r p lo t o n  w a v e  a n d
f lu x  w ith o u t a n y  o ff s e t. N o te , h o w e v e r , lin e  s tr e n g th s  m a y  v a r y  f ro m  th e  te m p la te  a n d  th e
o b s e rv e d  s p e c tr u m .  T h e y  m a y  h a v e  d iff e re n t la m p s  a n d  d iff e re n t c u rr e n t s e ttin g s . K e y w o r d
p a ra m e te r  M A X O F F  c a n  b e  u s e d  to  v a ry  th e  m a x im u m  s e a r c h  d is ta n c e  fo r  c ro s s - c o r r e la tin g  th e
s p e c tr a .

In  e c h e lle  o b s e r v a tio n s , a n  o f f s e t is  c o m p u te d  f o r e a c h  s p e c tra l o rd e r .  T h e  re tu rn e d  o f fs e t is  th e
m e d ia n  o f th e s e  o f f s e ts .  T h e  o ff s e ts  fo r  e a c h  o r d e r a r e  p rin te d  a n d  a ls o  p lo tte d .  If  m o s t o f th e
o f fs e ts  a r e  w ith in  a  p ix e l o f th e  m e d ia n  o f f s e t, th e  r o u tin e  w a s  s u c c e s s fu l.  If  n o t, y o u  m ig h t try
in c r e a s in g  th e  k e y w o rd  p a r a m e te r , M A X O F F , o r v e r if y in g  th a t th e  o r d e rs  w e r e  c o r r e c tly
n u m b e r e d  w ith  th e  p ro p e r  s p e c tra l o rd e r  n u m b e r s .  S p e c tr a l f o rm a t p lo ts  a r e  a v a ila b le  o n  th e
te a m  w e b  p a g e :

h t tp ://h ir e s .g s f c .n a s a .g o v /s t is /s tis p a g e .h t m l

u n d e r " D e s c r ip tio n "  to  a s s is t y o u  in  d e te rm in in g  th e  o r d e r n u m b e rs  o f  a  s p e c tra l c a lib r a tio n  la m p
o b s e rv a tio n .  If  th e  s p e c tr a l o r d e rs  a r e  m is id e n tif ie d , S T IS _ W O F F S E T  k e y w o r d  p a ra m e te r s
s o ff s e t a n d  d is t1  c a n  b e  u s e d  to  c o r r e c t th e  s itu a tio n .

1 4 . I n t r o d u c t io n  t o  T im e - T a g  Da ta  P r o c e s s in g

T h e  f o llo w in g  ro u tin e s  a re  a v a ila b le  f o r a n a ly s is  o f  S T IS  tim e - ta g  d a ta .

T T A G _ I N F O  -  r o u tin e  to  e x tra c t in f o rm a tio n  a b o u t a  tim e -ta g  d a ta  s e t
T I M E _ T A G  - r o u tin e  to  r e a d  tim e - ta g  d a ta  s e ts
T T A G _ I M A G E  -  r o u tin e  to  c o n s tr u c t a n  im a g e  fr o m  th e  tim e -ta g  d a ta
T T A G _ B I N  -  ro u tin e  to  g e n e r a te  th e  c o u n t r a te  v e rs u s  tim e  f o r  tim e  in te r v a l
T T A G _ C E N T R O I D -  r o u tin e  to  c o m p u te  c e n tr o id  o f  a  fe a tu re  v e rs u s  tim e
T T A G _ M O V I E  - r o u tin e  to  c o n s tru c t a  d a ta  c u b e  ( m o v ie ) f o r  a  s e le c te d  im a g e  r e g io n

o f  a  tim e - ta g  d a ta s e t
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T o  g e t a  s u m m a r y  o f  a  tim e - ta g  d a ta s e t u s e :

T T A G _ I N F O ,id ,o u t

W h e re  id  is  th e  o b s e r v a tio n  ID  ( e n tr y  n u m b e r in  S T IS L O G )  o r  th e  f ile  n a m e  o f th e  tim e _ ta g  d a ta
s e t ( e .g . 'o 3 x l0 8 b n q _ ta g .fits ').  T h e  r o u tin e  w ill p r in t a  s u m m a ry  a n d  a ls o  p la c e  th e  in fo r m a tio n  in
th e  s tru c tu re  O U T . R e f e r to  th e  h e lp file  f o r  T T A G _ IN F O  fo r  th e  f o r m a t o f O U T .

W A R N I N G  -  D o  n o t try  to  re a d  a  v e ry  la rg e  tim e - ta g  d a ta  s e t e n tire ly
 in to  m e m o ry  a t o n c e .  I t m a y  c a u s e  y o u r c o m p u te r to  c h o k e .

If T T A G _ I N F O  re p o rts  th a t th e  d a ta  s e t h a s  m o re  th e n  1 0  to  2 0
m illio n  e v e n ts , re fe r to  " W o rk in g  w ith  v e ry  la rg e  tim e - ta g  d a ta

  s e ts "  fo u n d  in  s e c tio n  1 4 .1 .

T o  r e a d  th e  tim e - ta g  d a ta , u s e  th e  r o u tin e :

T I M E _ T A G ,id ,h ,tim e ,x ,y ,x d o p

w h e r e  id  is  th e  o b s e rv a tio n  ID  (e n try  n u m b e r  in  S T IS L O G ) o r  th e  f ile n a m e  ( p o s t- la u n c h  tim e -ta g
d a ta  f ile s  h a v e  n a m e s  < r o o tn a m e > _ ta g .f its ).  h  is  th e  o u tp u t F IT S  h e a d e r, tim e  is  a  v e c to r  o f
tim e s  f o r  e a c h  e v e n t ( in  u n its  o f  s e c o n d s  s in c e  th e  e x p o s u r e  s ta r t) , x  is  th e  v e c to r o f  x - lo c a tio n s
o f  th e  e v e n ts  ( in  H i- R e s  c o o rd in a te s  fr o m  0  to  2 0 4 7 ) , y  is  th e  y -lo c a tio n s  o f th e  e v e n ts , a n d  x d o p
is  th e  D o p p le r c o r re c te d  x  p o s itio n s  fo r  e c h e lle  s p e c tr a l o b s e r v a tio n s .

T o  c o n s tr u c t a n  im a g e  fr o m  th e  tim e -ta g  d a ta , u s e :

T T A G _ I M A G E ,h ,x ,y ,im a g e

w h e r e  h ,x  a n d  y  a r e  in p u t h e a d e r , x  a n d  y  lo c a tio n s  ( a s  o u tp u t fr o m  T IM E _ T A G ) .  im a g e  is  th e
o u tp u t H i- R e s  im a g e .  Y o u  c a n  te ll T T A G _ IM A G E  to  u s e  o n ly  e v e n ts  o c c u r in g  w ith in  a
s p e c if ie d  tim e  in te rv a l u s in g  o p tio n a l k e y w o r d  p a r a m e te rs  ( tim e , tm in , a n d  tm a x ). F o r  e x a m p le
to  g e n e r a te  a n  im a g e  f ro m  th e  e v e n ts  f r o m  5  to  6  s e c o n d s  a fte r th e  e x p o s u re  s ta r t, u s e :

T T A G _ I M A G E ,h ,x d o p ,y , tim e = tim e , tm in = 5 .0 , tm a x = 6 .0

w h e r e  tim e  is  th e  o u tp u t o f  T IM E _ T A G .

T o  g e n e ra te  a  p lo t o f  c o u n t r a te s  v e rs u s  tim e , u s e  th e  ro u tin e :

T T A G _ B I N ,tim e ,to u t,r a te
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w h e r e  tim e  is  th e  tim e  fo r  e a c h  e v e n t (f ro m  T IM E _ T A G )  a n d  to u t a n d  r a te  a r e  v e c to rs  g iv in g
c o u n t r a te  ( r a te )  v e r s u s  tim e  ( to u t) .  T h e  d e fa u lt is  to  u s e  e v e n ts  a n y w h e r e  w ith in  th e  im a g e  a n d
to  in te g r a te  r a te  o n  0 .0 1  s e c o n d  in te r v a ls . K e y w o r d  p a ra m e te r in te r v a l c a n  b e  u s e d  to  s e t a
d iff e re n t tim e  in te r v a l. K e y w o r d  r a n g e = [ x m in ,x m a x ,y m in ,y m a x ]  c a n  b e  u s e d  to  e x a m in e  e v e n ts
in  a  s u b s e t o f  th e  im a g e , a n d  k e y w o r d  /c o u n ts  c a n  b e  u s e d  to  g e t o u tp u t c o u n ts /tim e  in te rv a l
in s te a d  o f c o u n t ra te s . K e y w o r d s  tm in  a n d  tm a x  c a n  b e  u s e d  to  lim it th e  tim e  p e r io d  p ro c e s s e d ,
F o r  e x a m p le :

T T A G _ B I N ,tim e , t, c , r a n g e = [ 1 5 0 0 ,1 5 1 0 ,8 0 0 ,8 1 0 ], in te r v a l= 0 .0 0 1 , $
tm in  =  5 0 .0 , tm a x  =  5 2 .0 , /c o u n ts

T o  f in d  th e  c e n tr o id  o f  a  fe a tu r e  v e rs u s  tim e , u s e  T T A G _ CE N T R O ID .

T T A G _ C E N T R O I D , tim e , x , y , to u t, x c e n t, y c e n t, x r a n g e = [ x m in ,x m a x ] , $
y r a n g e  =  [ y m in , y m a x ]

w h e r e  tim e , x , a n d  y  a re  th e  in p u t tim e s  a n d  p o s itio n s  o f  th e  e v e n ts , a n d  to u t, x c e n t, a n d  y c e n t
a re  th e  o u tp u t tim e s , x - c e n tr o id , a n d  y -c e n tr o id  o n  o n e  s e c o n d  in te rv a ls .  x r a n g e  a n d  y r a n g e  a re
k e y w o rd  in p u ts  g iv in g  th e  r a n g e  o f  x /y  c o o r d in a te s  to  c e n tr o id .  T o  c h a n g e  th e  tim e  in te rv a l o f
th e  c e n tro id s  u s e  k e y w o rd  in te r v a l. T o  o n ly  c e n tr o id  a  p o r tio n  o f  th e  d a ta  ( in  tim e )  u s e  k e y w o rd
p a ra m e te r s  tm in  a n d  tm a x .

M u c h  o f th e  a r c h iv e d  d a ta  is  c o m p r e s s e d .  It w ill s ig n ific a n tly  s lo w  y o u  d o w n  if  e v e ry  tim e  y o u
r e a d  a n  a rc h iv e d  tim e - ta g  f ile , it g e ts  u n c o m p r e s s e d .  T o  a v o id  th is  p ro b le m , u s e  th e  /K E E P
k e y w o rd  p a r a m e te r  in  y o u r c a ll to  T T A G _ IN F O  o r  T IM E _ T A G .  If  th e  f ile  w a s  c o m p r e s s e d , a n
u n c o m p r e s s e d  v e r s io n  w ill b e  le f t in  y o u r c u r re n t d ir e c to r y .  T h is  v e r s io n  w ill b e  u s e d  f o r
s u b s e q u e n t c a lls  to  T IM E _ T A G  o r  T T A G _ IN F O .

E X A M P L E  S E S S I O N  1 : M a k e  a  m o v ie  o f a  L y m a n  A lp h a  f o r  a  G 1 4 0 L  o b s e r v a tio n  o f
ta r g e t J U P -A U R -O V A L N  a n d  p e r fo r m  a n  e x te n d e d  s o u r c e  flu x  c a lib ra tio n  f o r  a  s e le c te d  tim e
p e rio d  o f  th e  im a g e .

;
;  g e t in fo rm a tio n  a b o u t th e  o b s e rv a tio n  a n d  k e e p  th e  u n c o m p re s s e d  v e rs io n
;  if th e  file  w a s  c o m p re s s e d
;

    id  =  1 6 1 6 4
    tta g _ in f o ,id ,o u t,/k e e p
;
;  re a d  th e  e v e n ts
;
    tim e _ ta g , id , h , tim e , x , y

;
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;  c o n s tru c t a  H i- R e s  im a g e  fro m  th e  e v e n ts
;
    tta g _ im a g e , h , x , y , im a g e
;
;  u s e  S T I S L O O K  to  fin d  a  re g io n  o f in te re s t
;
    s tis lo o k , im a g e
    r e g io n  =  [9 2 ,4 9 1 ,1 0 2 0 ,1 4 1 9 ] ;  [ x m in ,x m a x ,y m in ,y m a x ]
;
;  p lo t th e  to ta l c o u n t ra te  v e rs u s  tim e  fo r th e  re g io n  a v e ra g e d  in  1 0
;  s e c o n d  in te rv a ls
;

    tta g _ b in , tim e , to u t, r a te , x = x , y = y , r a n g e = r e g io n , in te r v a l= 1 0
    p lo t, to u t, r a te

;
;  c re a te  a  d a ta  c u b e  (m o v ie ) o f th e  re g io n  b y  in te g ra tin g  in  2 0  s e c o n d
;  in te rv a ls  w ith  d a ta  b in n e d  b y  4  (2  x  2  lo re s  p ix e ls )
;
    tta g _ m o v ie , tim e , x , y , c u b e , in te r v a l= 2 0 .0 , r a n g e = r e g io n , b in s iz e = 4
;
;  lo a d  c u b e  in to  I D L  m o v ie  w id g e t w h ic h  w ill a ls o  le t y o u  s a v e  it a s  a n
;  M P E G  file
;

    s  =  s iz e ( c u b e ) &  n x  =  s ( 1 ) &  n y  =  s ( 2 ) &  n f r a m e s  =  s ( 3 )
    x in te r a n im a te , s e t= [n x ,n y ,n fr a m e s ] , /s h o w lo a d
    f o r  i= 0 ,n fr a m e s - 1  d o  x in te r a n im a te , f r a m e = i, $
    im a g e  =  b y ts c l( c u b e (* ,* ,i),m in = 0 ,m a x = 5 ,to p = ! d .n _ c o lo r s )
    x in te r a n im a te ,/k e e p _ p ix m a p s
;
;  c re a te  a n  im a g e  a n d  c a lib ra te  it fo r th e  p e rio d  o f 1 0 0  to  3 0 0  s e c o n d s  s in c e  
;  th e  o b s e rv a tio n  s ta rt.
;
    tta g _ im a g e , h , x , y , im a g e , tim e = tim e , tm in = 1 0 0 , tm a x  =  3 0 0
    s x a d d p a r ,h ,'e x p tim e ',2 0 0
    s x a d d p a r ,h ,'in te g ',2 0 0
    c a ls tis ,id ,'e x te n d e d = 1 ',h ,m ,w a v e ,flu x ,e p s ,e r r , h e a d e r = h , d a ta = im a g e

    

E X A M P L E  S E S S I O N  2 :  E x a m in e  B a n d  2  M A M A  d a r k  m ic ro b u r s ts .

;
;  re a d  tim e  ta g  d a ta  s e t
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;
tim e _ ta g , 2 6 5 7 , h , tim e , x , y

;
;  c re a te  a n  im a g e  fro m  th e  tim e  ta g  d a ta  a n d  d is p la y
;

tta g _ im a g e , h , x , y , im a g e
tv s c l, r e b in ( flo a t( im a g e ) ,5 1 2 ,5 1 2 ) <  1

;
;  d e te rm in e  c o u n t ra te s  in  0 .0 1  s e c o n d  tim e  b in s  a n d  p lo t ra te  v e rs u s  tim e
;

tta g _ b in , tim e , to u t, r a te , in te r v a l= 0 .0 1
p lo t, to u t, r a te

;
;  fin d  th e  tim e  b in  w ith  th e  p e a k  ra te  a n d  g e n e ra te  a n  e x p a n d e d  p lo t o f 
;  c o u n ts  v e rs u s  fin e  tim e  in te rv a l (1 2 5  m ic ro s e c o n d s ) fo r a  0 .0 4  s e c o n d
;  in te rv a l c o n ta in in g  th e  p e a k
;

p r in t, m a x ( r a te ,p o s itio n )
t =  to u t( p o s itio n ) ; tim e  o f  m a x im u m  c o u n t r a te
tta g _ b in , tim e , t1 , c 1 , tm in  =  t- 0 .0 2 , tm a x  =  t+ 0 .0 2 , $

/c o u n ts , in te r v a l= 0 .0 0 0 1 2 5
p lo t, t1 , c 1 , p s y m = - 4

;
;  It lo o k s  lik e  a  m ic ro - b u rs t;  p lo t a  s c a tte r p lo t o f th e  x  a n d  y  c o o rd in a te s
;  o f th e  e v e n ts  fo r th e  tim e  p e rio d  o f th e  m ic ro b u rs t. 
;  (i.e . w h e re  w e  g o t 4  c o u n ts /fin e  tim e  in te rv a l)
;

b u r s t =  w h e r e (c 1  g e  4 )
s ta r t_ b u r s t =  m in ( t1 ( b u r s t) )  - 0 .0 0 0 1 2 5
s to p _ b u r s t =  m a x ( t1 ( b u r s t) ) +  0 .0 0 0 1 2 5
b u r s t =  w h e r e (( tim e  g e  s ta r t_ b u r s t) a n d  (tim e  le  s to p _ b u r s t) )
p lo t, x ( b u r s t) , y (b u r s t), p s y m = 4

1 4 .1  W o r k in g  w it h  V e r y  L a r g e  T im e - T a g  Da t a  S e t s .

M o s t o f  th e  tim e -ta g  d a ta  s e ts  in  th e  a rc h iv e  h a v e  o n ly  a  fe w  m illio n  o r f e w e r n u m b e r o f  e v e n ts .
S o m e , h o w e v e r, w ill h a v e  m a n y  m illio n s  o f e v e n ts . In  th e s e  c a s e s , u n le s s  y o u r c o m p u te r  h a s  a
v e ry  la r g e  a m o u n t o f  m e m o r y , it w ill b e  v e r y  in e f f ic ie n t to  re a d  th e  e n tir e  tim e - ta g  d a ta  s e t in to
ID L . U s e  T T A G _ IN F O  to  d e te r m in e  if th is  is  th e  c a s e .

T o  p r o c e s s  th e  v e r y  la rg e  d a ta  s e ts , y o u  w ill n e e d  to  re a d  th e  im a g e  in  p a r ts . T h e  r o u tin e
T IM E _ T A G  h a s  tw o  m e th o d s  to  a llo w  y o u  to  re a d  p a rts  o f th e  d a ta  s e t.  T h e  tim e -ta g  d a ta  in  th e
r a w  d a ta  f ile  is  p a rtitio n e d  in to  s e p a r a te  g ro u p s  o r  file  e x te n s io n s  w h e r e  e a c h  e x te n s io n  c o n ta in s
a n  o n -b o a r d  m e m o ry  d u m p .  E a c h  g r o u p  is  a  g o o d  s iz e  to  r e a d  w ith o u t g e ttin g  in to  m e m o r y
p r o b le m s .
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T o  r e a d  a  s in g le  g ro u p  u s e  th e  G R O U P  k e y w o rd  p a r a m e te r  w h e n  c a llin g  T IM E _ T A G  (G R O U P
r u n s  f r o m  1  to  th e  n u m b e r o f  g ro u p s ) .   T T A G _ IN F O  w ill p r in t th e  n u m b e r o f  g ro u p s  in  th e  f ile
a n d  a ls o  r e tu r n  it in  a n  o u tp u t d a ta  s tr u c tu r e .  F o r  e x a m p le , to  c r e a te  a n  im a g e  f ro m  a  la r g e
E 1 4 0 M  tim e -ta g  d a ta  s e t, u s e :

tta g _ in f o ,2 2 2 2 ,o u t,/k e e p
im a g e  =  lo n a r r ( 2 0 4 8 ,2 0 4 8 )
n  =  0 L
.r u n
f o r  i= 1 ,o u t.n g r o u p s  d o  b e g in ;ST A R T  L O O P  A T  1  n o t 0 !

tim e _ ta g ,2 2 2 2 ,h ,tim e ,x ,y ,x d o p ,g r o u p = i
tta g _ im a g e ,h ,x d o p ,y ,im
n  =  n + n _ e le m e n ts (tim e )
p r in t,m in (x d o p ) ,m in (y ) ,m a x ( x d o p ) ,m a x ( y )
im a g e  =  im a g e  +  im

e n d f o r
e n d

N o te  th a t in  th e  e x a m p le , th e  D o p p le r c o r re c te d  x  p o s itio n  w a s  u s e d  fo r  th e  e c h e lle  tim e - ta g
o b s e rv a tio n .

T o  c r e a te  a  m o v ie  o f  a  s e le c te d  r e g io n  o f a  la rg e  tim e  ta g  o b s e r v a tio n  u s e :

tta g _ in f o ,id ,o u t,h ,/k e e p
c u b e  =  0
.r u n
f o r  i= 1 ,o u t.n g r o u p s  d o  b e g in

tim e _ ta g ,id ,h ,tim e ,x ,y ,g r o u p = i
tta g _ m o v ie ,tim e ,x ,y ,c u b e ,tm in = 0 ,tm a x = tm a x ,in te r v a l= 1 0 0 , $

r a n g e = [ 3 0 0 ,4 0 0 ,5 0 0 ,6 0 0 ],b in s iz e = 2 ,/u p d a te
e n d f o r
e n d

T o  c r e a te  a  v e c to r o f  c o u n t r a te  v e rs u s  tim e , u s e :

tta g _ in f o ,id ,o u t,h ,/k e e p
tm a x  =  s x p a r ( h ,'e x p tim e ')
.r u n
f o r  i= 1 ,o u t.n g r o u p s  d o  b e g in

tim e _ ta g ,id ,h ,tim e ,x ,y ,g r o u p = i
tta g _ b in ,tim e ,to u t,r ,tm in = 0 ,tm a x = tm a x ,in te r v a l= 1
if i e q  1  th e n  r a te = r  e ls e  r a te = r a te + r

e n d f o r
e n d
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A n  a lte r n a te  w a y  o f s e le c tin g  w h ic h  e v e n ts  to  u s e  is  to  s p e c if y  th e  n u m b e r o f  th e  f irs t e v e n t a n d
th e  n u m b e r o f  e v e n ts  to  re a d . F o r e x a m p le :

tim e _ ta g ,2 2 2 2 ,h ,tim e ,x ,y ,x d o p ,f ir s t= 4 0 0 0 0 0 0 ,n u m b e r = 2 0 0 0 0 0 0
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A p p e n d ix  A
Da t a  Q u a lit y  F la g  V a lu e s

A  v a lu e  o f 0  in d ic a te s  n o  a n o m a lo u s  c o n d itio n .  F la g s  a r e  c o d e d  u s in g  th e  s a m e  b a s ic  p rin c ip a l
u s e d  b y  th e  F O S  a n d  G H R S  S T  S c I c a lib ra tio n  p ip e lin e s . V a lu e s  fr o m  1  to  9 9  a r e  m in o r
c o n d itio n s  w h ic h  a r e  r e fle c te d  in  th e  p r o p a g a te d  s ta tis tic a l e rr o r s .  V a lu e s  fr o m  1 0 0  to  1 9 9  a r e
m o re  s e rio u s  c o n d itio n s  w h ic h  a re  n o t p ro p e r ly  re f le c te d  in  th e  p r o p a g a te d  s ta tis tic a l e r ro r  a rr a y .
V a lu e s  f r o m  2 0 0  to  2 5 5  re p r e s e n t d a ta  th a t is  to ta lly  u s e le s s .  E a c h  d a ta  v a lu e  is  f la g g e d  w ith  its
m o s t s e rio u s  c o n d itio n  ( la r g e s t d a ta  q u a lity  v a lu e ) .

N o  a n o m a lo u s  c o n d itio n  n o te d0
1  p ix e l re je c te d  d u rin g  CR -S P L IT  im a g e  c o m b in a tio n6 1
2  p ix e ls  re je c te d  d u rin g  CR - S P L IT  im a g e  c o m b in a tio n6 2
3  p ix e ls  re je c te d  d u rin g  CR - S P L IT  im a g e  c o m b in a tio n6 3
4  p ix e ls  re je c te d  d u rin g  CR - S P L IT  im a g e  c o m b in a tio n6 4

5  o r m o re  p ix e ls  r e je c te d  d u r in g  CR - S P L IT  im a g e
c o m b in a tio n

6 5
H o t p ix e l re p a ire d  b y  in te r p o la tio n1 2 5
W a r m  p ix e l (CCD  d a r k  r a te  >  0 .0 5  c o u n ts /s e c o n d )1 5 0
N U V  M A M A  V ig n e tte d  p ix e ls1 5 4
D a ta  n e a r e d g e  o f d e te c to r1 5 5
D a ta  c o r ru p te d  b y  th e  b a n d  1  r e p e llo r w ir e1 7 4
S e v e r e  fla t f ie ld  b le m is h1 7 5
H o t p ix e l ( d a r k  ra te  >  H O T T H R E S H  c o u n ts /s e c o n d )1 8 0
S a tu r a te d  p ix e l1 9 0
D e a d  d e te c to r  e le m e n t o f  b a d  CCD  c o lu m n2 4 0

A ll p ix e ls  r e je c te d  d u r in g  c o s m ic  ra y  re m o v a l/ im a g e
c o m b in a tio n

2 3 9

F o r a b s o lu te  flu x  v e c to r  ( d a ta  o u ts id e  ta b u la te d
s e n s itiv ity  c u r v e )

2 5 1
U n r e p a ira b le  h o t p ix e l2 5 2
D a ta  p o in t o u ts id e  b o u n d a r y  o f  th e  im a g e2 5 4
F ill d a ta  (te le m e tr y  d r o p o u t)2 5 5

C o n d it io nF la g
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A p p e n d ix  B
S a m p le  S e s s io n s

B .1  F in d in g  a n d  R e a d in g  S T I S  Da ta

;
;  L is t a v a ila b le  c a ta lo g s
; ����������

3cr                abell               ans                 bruzual
cycle7_abs         cycle7_exp          donas               faust

...
stisgto            stislog             td1                 td1_spec
td1_x              uit_bright          uvgalaxy            virgo
wdwarf             wdwarf_iue          yale_bs             yale_bs_rmks

;
;  o p e n  s tis  c a ta lo g  a n d  lis t ite m s  s to r e d  fo r  e a c h  o b s e r v a tio n
; ���������� ����������� ����� ����������� �! 

----- STISLOG  STIS observation log
   ITEM               TYPE            DESCRIPTION
ENTRY              int*4    Entry or Record Number
ROOTNAME           char*10  rootname of the observation set
FILENAME           char*20  
FILETYPE           char*3   file type RAW, TAB, or WAV
NREADS             int*4    number of image readouts in the file
TARGNAME           char*18  proposer's target name
RA_TARG            real*4   right ascension of the target (deg) (J2000)
DEC_TARG           real*4   declination of the target (deg) (J2000)
PROPOSID           int*4    PEP proposal identifier

. . .

;
;  F in d  o b s e r v a tio n s  f r o m  p r o p o s a l 7 1 2 3
; � �����#" ��%$ � ���& � ��'(����� ���  "*)+ %,�-.�0/

           12 entries found in STISLOG
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;
;  p r in t s e le c te d  in fo r m a tio n  a b o u t th e  o b s e r v a tio n s
; �����' � � �(� � ���1����2

� ��� � '43 � $ � �5�.��6�78� � ��'���6� ����� 6�'�����6�78� � 78���� 9 �  ��: ���%;<6%=>� � 6�����' ��? '(� ����: ��6�78� �
                   STIS observation log                                       
-----------------------------------------------------------------------------
                              n                   mode   cen               sc  
 ENTRY      FILENAME        read    TARGNAME      _id   wave  APERTURE   lamp  
                                                                        
-----------------------------------------------------------------------------
   933 o3xl07a3m_raw.fits      3 LMC-SN1987A-OFF 3.6        0 F28X50LP   NONE 
   934 o3xl07010_raw.fits      2 LMC-SN1987A     4.2     6581 52X2       NONE 
   935 o3xl07010_wav.fits      1 WAVELINE        4.2     6581 52X0.1     LINE 
   936 o3xl07a8m_raw.fits      1 WAVEHITM        4.2     6581 52X0.1     HITM1
   937 o3xl07020_raw.fits      2 LMC-SN1987A     3.2     4961 52X2       NONE 
   938 o3xl07020_wav.fits      1 WAVELINE        3.2     4961 52X0.1     LINE 
   939 o3xl07acm_raw.fits      1 WAVEHITM        3.2     4961 52X0.1     HITM1

. . .

;
;  r e a d  o n e  o f  th e m
; ���(��� 9 '���6� �*@�-�A.� � � 
;       o r ���(��� 9 '���6� �*� � -%B ��C ) C  C 9 '�6%;<DE$ ��������� � �  ;  d o e s  th e  s a m e  th in g����' � � �(� � ;  d is p la y  h e a d e r; � ����%; �FB+��"G C ,�A�� 3 �1"G C ,�A

� = ��: � � 6������  C�&4�H�C�D  %/ ;  d is p la y  im a g e

���(��� 9 '���6� �*@�-�A.� � �  � '���6��� ?���"�, ;  g e t s e c o n d  r e a d o u t

���(��� 9 : ' �*@�-�A�� � �  ;  c o s m ic  r a y  r e je c tio n  u s in g  
;  b o th  r e a d o u ts

���(��� ������I �  ;  in te r a c tiv e ly  e x a m in e  it
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B .2  F ir s t  O r d e r  G r a t in g  P o in t  S o u r c e  S p e c t r a l E x t r a c t io n

;
;  c a lib r a te  o b s e r v a tio n  7 3 0  w ith  c o s m ic  r a y  r e je c tio n  fo r  th e  c r - s p lit s c ie n c e  o b s e r v a tio n
;  u s in g  th e  a s s o c ia te d  w a v e c a l, id = 7 3 1 , to  a d ju s t th e  w a v e le n g th  z e r o  p o in t.
; : 6�� ���(�����*)�- C � C � � � 7 � ;<6%=>� � $(� ?%BJ� ��� ��� ��'�' �EKL: ' 9 '��%M!� :.��� 6 ?�� �%;<6%=>� "*)�-+ 

����� ��� ;N6%=.� � $O� ?%B
;
;  r e a d  c a ls tis  e x tr a c te d  s p e c tr u m  file
; 6 " 78'�%$ ����� &QP � ��� : 9 )�- C�DE$ ������R0�! %� � /
;
;  s c a le  u p p e r  a n d  lo w e r  b a c k g r o u n d  to  g r o s s  e x tr a c tio n  s lit
; � ? ������' " 6�D�� ? ������' K.�SB ��6�'�&Q� ��R �%; �  � � R0/OTU�SB ��6�'(&4� ��R �%; �  � � R�/�����%;<��' " 6�D������%;<��' K.�SB ��6�'(&4� ��R �%; �  � � R�/(TU�SB ��6.'�&4� ��R ��; �  � � R0/����� ��� 6�DE;N6%=.��������� � � � � ? �.����' � � � 3.7 "*,������� ��� 6�DE;<6%=.��������� � � � �����%;N��' � � � 3.7 "*A
;
;  o v e r p lo t th e  s m o o th e d  b a c k g r o u n d  u s e d  b y  C A L ST I S
; ������� ��� 6�DE;N6%=.��������� � � � 6�D���'�� ���WV 6�D���� ����� � ��: I "*-
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B .3  G 7 5 0 M  E x t e n d e d  S o u r c e  E x t r a c t io n  o f  a  L o n g  S lit  O b s e r v a t io n .

;
;  P e r f o r m  e x te n d e d  s o u r c e  e x tr a c tio n  o n  G 7 5 0 M  o b s e r v a tio n  9 3 4  u s in g  w a v e c a l 9 3 5  to  a d ju s t 
;  th e   w a v e le n g th  z e r o  p o in t.  U s e  ST I S_ C R  to  c o m b in e  th e  c o s m ic  r a y  s p lits  w ith  th e  r e s u lts
;  w r itte n  in to  f ile  m y im a g e .f its .
; ���(��� 9 : ' �*@�-�A�� � ?�� $ � ��� "*� 7X3 � 786����.DY$ ������R

���(��� 9 ;<�%$Q$ � � ����@�-�Z�� '�� �1? � ���
: 6�� ���(�����[� 7X3 � 786�����DE$ ���������*� � B+� �.����� "G \R0� � � 7 � ;<6%=.� � $O� ?%B+��26 ?�� �%;N6%=.� " '�� �1? � ���

;
;  e x tr a c t a  s in g le  s p e c tr a l lin e  in to  a  4 0  x  1 0 0  im a g e .  A d ju s t th e  x -d ir e c tio n  p la te  s c a le  in  th e  
;  o u tp u t im a g e  to  m a tc h  th e  y -d ir e c tio n  p la te  s c a le .   T h e  p la te  s c a le s  in  th  r a w  im a g e s  a r e
;  x  =  0 .5 4  a r c s e c /p ix e l a n d  y  =  0 .5  a r c s e c /p ix e l.  U s e  a n  x  s a m p le  s p a c in g  o f  0 .9 2 6  (r a tio  o f  y  
;  p la te  s c a le  o v e r  th e  x  p la te  s c a le ) to  m a tc h  th e  y -s a m p le  s p a c in g .
; ��6�' "]� � B+� ������� "G %� � � � � � ?���"*A C � � � ����� ?���"G C�C �^R1_]2P�� ��: ��� � ; "*`�Z�@�A�� � � ���� � 6 ��" C�D @�,�`��

: 6�� ���(�����[� 7X3 � 786�����DE$ ��������� ��6�' � � � 7 � ;  %� $  �� 6 ?�� �%;<6%=.� " '�� ��? � �(�
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B .4  L o n g  S lit  E x t e n d e d  S o u r c e  E x t r a c t io n  ( M 8 4 )  w it h  a  C o n s t a n t
De lt a  R a d ia l V e lo c it y

;  D a ta  P r e p a r a tio n , C o s m ic  R a y  a n d  H o t P ix e l r e m o v a l

���(��� 9 : ' �*a�`�-�� � � �6 � 6 � ��'�' � ��� �� 78� : ����6�� � �6 � 6 � �

;  E x te n d e d  s o u r c e  e x tr a c tio n  o n  c o n s ta n t d e lta  L o g (W a v e le n g th )  Sc a le  s o  th a t r a d ia l v e lo c ity  
;  s h if ts  a r e  e q u a l a t a ll w a v e le n g th s .  w e  w ill p r o v id e  th e  in p u t d a ta  to  C A L ST I S a s  I D L  
;  v a r ia b le s  in s te a d  o f  u s in g  th e  d a ta  in  th e  r a w  d a ta  file

: 6�� ���(�����*a�`�-���� � B+� �.����� "G %� � � ������� "G %��� � � 7 � ;<6%=.� � $O� ?%B+��2�6 � 6 " �6 � 6 � ����6.���' " � � ��� ��� � " ��� ��� ��'(' � � " ��'�'

;  C r e a te  a  te m p la te  s p e c tr u m  f o r  c r o s s  c o r r e la tio n  u s in g  th e  r e s t w a v e le n g th s  o f  th e  s p e c tr a l
;  lin e s  p r e s e n t in  th e  o b s e r v a tio n .  T h e  lin e  a t r e s t w a v e le n g th  6 5 8 3 .4  is  a p p r o x im a te ly  tw ic e  
;  a s  b r ig h t a s  th e  o th e r s .

��� � "]) D�C KL, D -�Z�A�a ;  s e v e n  p ix e l F W H M��6 ?����1� ;<6%=.� ��`�Z�A�a D  %�.��� � �G D�C � �  ��6 ?����1� ;<6%=.� ��`�Z�`�, D a��.��� � �G D�C � � ,��6 ?����1� ;<6%=.� ��`�Z�a�- D A��.��� � �G D�C � � -��6 ?����1� ;<6%=.� ��`�)+ %` D A��.��� � �G D�C � � A��6 ?����1� ;<6%=.� ��`�)�- C�D a��.��� � �G D�C � � Z
� ��78����6 � � " �  X_ � ,8_b,+T � -<_ � A8_ � Z

;  c r o s s  c o r r e la te  e a c h  s p a tia l p o s itio n  w ith  te m p la te�%$Q$ � � ���W" $O� � 6�'�'�&  C�C�C /D�' ? �
V $O��' ��"*A�Z C �5` C�C8��8����� � �
V : '�� �1� 9 : ��'�'(����6 � � ��� ��78����6 � � � $O� ?%B & Tc����/Q� �%$Q$ � � ���*��� � � $ ��"�V�A C �*2
V ; �  � � "G C�C
V �%$Q$ � � ��� & ��/G" �%$Q$ � � �
V ����
V ����
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;  c o n v e r t to  s lit p o s itio n  a n d  r a d ia l v e lo c itie s  a n d  p lo t 

� � ��� �.� �X" &d$ � ���������&  C�C�C /QV�Z�-�A D�C /eT C�D�C Z'^= "]V �%$Q$ � � ���NT &5;<6%=.��& Z C�C /QV ;<6%=.��& A�@�@�/Q/5K ;<6%=>��& Z C�C /fTg, D @�@�)�@ � Z����� ���*� � ��� ��� ��� '^= � � � 3>7 "*V�A��FB '�6.����� "*hQV�, D�C ��, D�C�i � 3.'(6������ "*hQ) C�C �! %` C�C�i �>27 � � 9 =.6�� ? � "�) C�C � 786 B 9 =>6�� ? � "G %` C�C �>23 ����� ��� "]�Lj 6� � 6��%k
����� :���� 3<&QI�7 Kl� � :�/Q�0��2
B+����� �5� "]�0m � ������� ���Xno�������8pG� �5� &Q6�' :�� � :�/Q�
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B .5   C a lib r a t e  a n  E c h e lle  S p e c t r u m  I n c lu d in g  a  S c a t t e r e d  L ig h t
C o r r e c t io n

;
;  C a lib r a te  a n  E 1 4 0 M  o b s e r v a tio n  o f  C P D - 5 9 D 2 6 0 3  in  M A M A  H i- R e s  ( 2 0 4 8 x 2 0 4 8 ) m o d e
;  u s in g  th e  a s s o c ia te d  w a v e c a l fo r  z e r o  p o in t w a v e le n g th  a d ju s tm e n t.
; : 6�� �1�������! %,�)�,�@���R � ?���� 786���� " ��%$ � � � '�� �1"G %R0�EK 6 ?�� �%;<6%=>�
;
;  P e r f o r m  e c h e lle  s c a tte r e d  lig h t c o r r e c tio n
; � : ���.�5��� 9 �1: 6 ���! %,�)�,�@
;
;  r e a d  s p e c tr a l o u tp u t f o r  b o th  b e f o r e  a n d  a fte r  s c a tte r e d  lig h t c o r r e c tio n
; ���%$O��'�� " 78'�%$ ����� &QP � ��� : 9  %,�)�,�@ DE$ ���(��Rq�G %/6%$ � ��' " 78'�%$ ����� &QP0���%; � ��� : 9  %,�)�,�@ DE$ ������Rq�+ %/
;
;  c o m p a r e  o n e  o f th e  o r d e r s  b e f o r e  a n d  a f te r  th e  s c a tte r e d  lig h t c o r r e c tio n
; r���' �  "s ����� ��� ���%$O��'��.& ->Z�/ DE;<6%=.�������.� � � � ���%$(��'(��& ->Z�/ DE$O� ?%B+tG � V! %,�� � ��? 7 "G � ������� �(� 6%$ � ��'�& -�Z./ DE;N6%=.��������� � � � 6%$ � ��'�& -�Z./ DE$O� ?%B+� � ��? 7 "G � %�.� � ��: I "*,
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B .6   C a lib r a t e  a n d  M e r g e  a  T w o  R e a d o u t  E c h e lle  O b s e r v a t io n

;
;  C a lib r a te  a n d  s c a tte r  lig h t c o r r e c t th e  f ir s t r e a d o u t.  R e n a m e  th e  o u tp u t s p e c tr a l file  s o  th a t it
;  w ill n o t b e  o v e r -w r itte n  w h e n  th e  s e c o n d  r e a d o u t is  c a lib r a te d
; : 6�� ���(������@�-�,�,�A���� � ?��(� 786���� " ��%$ � ��� ��� ��'(� � � " C�D�C�C  %��� '���6.�� ?���"G � : ��������� 9 ��: 6 �(�.@�-�,�,�A� ��6%;N� �*��: �8���%; � ��� : 9 @�-�,�,�A DE$ ����� ���%; � ��� : 9 @�-�,�,�A 9  DE$ �������
;
;  C a lib r a te  th e  s e c o n d  r e a d o u t
; : 6�� ���(������@�-�,�,�A���� � ?��(� 786���� " ��%$ � ��� ��� ��'(� � � " C�D�C�C  %��� '���6.�� ?���"*,� : ��������� 9 ��: 6 �(�.@�-�,�,�A� ��6%;N� �*��: �8���%; � ��� : 9 @�-�,�,�A DE$ ����� ���%; � ��� : 9 @�-�,�,�A 9 , DE$ �������
;
;  r e a d  b o th  s p e c tr a l f ile s  a n d  p la c e  in to  2 -D  a r r a y s
; '���6�  W" 78'�%$ ����� & � ���%; � ��� : 9 @�-�,�,�A 9  DE$ �����1�0�! %� �  %/'���6� ,<" 78'�%$ ����� & � ���%; � ��� : 9 @�-�,�,�A 9 , DE$ �����1�0�! %� � ,�/

;<6%=>� "uhQh '���6�  DE;<6%=>��������� � ��i ��h '(��6� , DE;<6%=.��������� � ��i4i$O� ?%Bs"]h4h '���6�  DE$O� ?%B i ��h '(��6� , DE$O� ?�B i4i��'�' "bhQh '���6�  D���'�'4$(i ��h '���6� , D���'�'4$(iQi��� �v"uhQh '���6�  D���� � $(i ��h '���6� , D���� � $OiQi
;
;  m e r g e  b o th  r e a d o u ts  a n d  a ll o f  th e  s p e c tr a l o r d e r s
;  (U s e  th e  e r r o r s  fo r  w e ig h tin g .  Sm o o th  e r r o r  v e c to r s  b e f o r e  c o m p u tin g  w e ig h ts )
; � 78��� � � 9 ��'�' " ��'('

$O��' ��" C � � 9 ������78��� ��� &Q��'�'(&4C �!TU/Q/QV! �� � 78��� � � 9 ��'�'(&4C ����/G"]2
� 78��� � ��&4��'('�& Tc����/Q�! � %/

;
;  M e r g e  u s in g  d a ta  q u a lity  =  1 5 0  a s  s c r e e n in g  lim it
; ��' � 9 78��'���� � ;<6%=>� � $(� ?%B+� ��� ��� ��'�' � ;N� ?���� $O� ?���� ��� � � ?���� ��'('�� ?�����2��6����� ��"+ %Z C � ;<� � �.� �#"w xK & � 78��� � � 9 ��'('�y ,�/
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A p p e n d ix  C
R e c e n t  C h a n g e s  t o  C A L S T I S

Im p ro v e d  CT E  c o rr e c tio n  c o e f f ic ie n ts  a n d  s e n s itiv ity
tim e /te m p e r a tu r e  c o r re c tio n .

A u g  2 0 0 37 .2
A d d e d  CCD  CT E  c o r re c tio n  f o r p o in t s o u r c e  e x tr a c tio n s .M a y  2 0 0 37 .1

A d d e d  n e w  b a c k g ro u n d  p r o c e s s in g  w h e re  a irg lo w  lin e s  a re  le f t
u n s m o o th e d  d u rin g  th e  p o ly n o m ia l fit to  th e  b a c k g r o u n d .

A u g  2 0 0 27

A d d e d  s e n s itiv ity  v e c to r  to  o u tp u t e x te n d e d  s o u rc e  e x tr a c tio n  file s .
A d d e d  b u p p e r , b lo w e r , b d is tu , a n d  b d is tl b a c k g ro u n d  p a r a m e te r s .
A d d e d  M A M A  g lo b a l n o n - lin e a rity  c o rr e c tio n .

J u n  2 0 0 26 .9

A d d e d  s c a lin g  o f CCD  d a r k s  u s in g  th e  CCD  h o u s in g  te m p e r a tu r e  fo r
s id e  tw o  o p e r a tio n s .

F e b  2 0 0 2

A d d e d  e c h e lle  b la z e  s h if t a s  a  fu n c tio n  o f  tim e  a n d  m o n th ly  M S M
o f fs e t p o s itio n  a n d  a u to _ b s  o p tio n .
M o d if ie d  to  m a k e  a u to  w a v e c a l p ro c e s s in g  th e  d e f a u lt

J a n  2 0 0 26 .8

A d d e d  p r is m  p o in t s o u rc e  s p e c tr a l e x tra c tio n  s u p p o rt.
A d d e d  ta r g o ff s  p a r a m e te r to  a llo w  c o r re c tio n  o f  w a v e le n g th s  f o r
ta r g e ts  n o t c e n te re d  in  th e  s lit.

O c t 2 0 0 06 .7
A d d e d  th e  R . B o h lin  tim e /te m p e r a tu r e  c o rr e c tio n  to  th e  s e n s itiv itie sJ a n  2 0 0 06 .6

A d d e d  m o n th ly  M S M  o f fs e t c o r r e c tio n  to  th e  e c h e lle  d is p e r s io n
c o e ff ic ie n ts . ( n e w  re f e re n c e  file  m s m ta b )

S e p  1 9 9 96 .5
A d d e d  M A M A  h o t p ix e l f la g g in gM a y  1 9 9 96 .4 3

A d d e d  e s p s  p a r a m e te r to  a llo w  p o in t s o u r c e  s lit th ro u g h p u t
c o rr e c tio n  d u rin g  e x te n d e d  s o u rc e  c a lib ra tio n s .

M a y  1 9 9 96 .4 2
M o d if ic a tio n sDa teV e r s io n
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