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Abs t rac t .  Ne will i n v e s t i g a t e  t h e  c h a r a c t e r i s t i c s  o f  i n f r a r e d  
molecular  emissions induced  b y  e n e r g e t i c  c o l l i s i o n s  between ambient 
atmospheric s p e c i e s  and s u r  f a c e s  i n  Earth o r b i t ,  us ing low-resolut ion 
i n  f r a r  ed spec t r o  sco py , The spec t r m  e ter w i  11 be a 1 i qu i d-n i trogen-cooled 
f i l t e r  wheel photometer covering t h e  wavelength range 0.9-5.5 microns 
w i t h  a r e so lv ing  pwer ( X / A A )  o f  approximately 100. Th i s  r e s o l v i n g  
power will be s u f f i c i e n t  f o r  i d e n t i f i c a t i o n  of t h e  molecular o r  atomic 
f l u o r e s c e n t  s p e c i e s  caus ing  t h e  glow. 

In t roduc t ion  

The instrment t o  be used f o r  t he  S h u t t l e  Infrared Glow Exper imen t  
(SIRGE) w i l l  be a l i q u i d  n i t rogen  cooled spectrometer  flown i n  a GAS 
c a n i s t e r  i n  t h e  Hitchhiker-G program. With it, we w i l l  s tudy t h e  
i n f r a r e d  (3.9-5.5 micron) component of  t h e  induced  s h u t t l e  glow [Abreu 
e t  a l . ,  1983; Banks e t  a l . ,  1983; Langhoff e t  a l . ,  1983; blende e t  a l . ,  
1983; S lange r ,  1983; Yee and Abreu, 19831. 'he spectrometer  u ses  a 
c i r c u l a r  v a r i a b l e  f i l t e r  (CVF) t o  provide a s p e c t r a l  r e so lv ing  power 
( A / A x )  ?$ 100 and 2 s e n s i t j v i t y  ( s i n g l e  scan PIESR) of  less than 
2 x 10- w a t t d c m  sr c m  . T h i s  is necessary t o  reach t h e  zodiaca l  
l i g h t  l i m i t ,  which is considered t h e  l i n i t i n g  f l u x  sou rce  f o r  astronomy 
i n  t h e  near i n f r a r e d .  The i n f r a r e d  glow s t u d y  has  been requested by t h e  
Hubble Space Telescope (HST) p r o j e c t  o f f i c e  because of  concern expressed 
b y  t h e  astronomical  comnunity regard ing  t h e  impact which  a glow frorn HST 
might have on t h e  f e a s i b i l i t y  o f  i n f r a r e d  obse rva t ions ,  and on t h e  
cho ice  and d e s i g n  o f  i n f r a r e d  instruments for  HST. It has  a l s o  been 
proposed ( C .  R. O ' D e l l ,  p r i v a t e  communication) t h a t  t h e  infrared glow 
spectrometer be flown on t h e  HST deployment mission,  t o  determine t h e  
magnitude and c h a r a c t e r  o f  t h e  glow surrounding t h e  te lescope  a f t e r  
e j e c t i o n  from the  s h u t t l e .  The glow near t h e  s h u t t l e  i t s e l f  w i l l  be 
s tud ied  on t h i s  and subsequent miss ions  t o  h e l p  c h a r a c t e r i z e  and model 
t h e  emission so t h a t  p r e d i c t i o n s  can be made f o r  v a r i o u s  s p a c e c r a f t  and 
va r ious  a l t i t u d e s .  The h igh  s e n s i t i v i t y  and moderate r e s o l u t i o n  
spec i f i ed  f o r  t h i s  i n s t r u m e n t  a r e  necessary f o r  a complete 
c h a r a c t e r i z a t i o n  o f  t h e  glow. 

Instrument Specifications 

Figure 1 shows a conceptual  drawing o f  t h e  S I R G E  instrument. Table 1 
l is ts  t h e  basic s p e c i f i c a t i o n s ,  'Ihe spec t rone te r  will be mounted i n  a 
l i q u i d  n i t rogen  dewar, and housed i n  a Getaway Spec ia l  (GAS)  can. The 
i n s t r u m e n t  w i l l  be mated w i t h  t h e  Hitchhiker-3 a v i o n i c s ,  and mounted on 
a s i n g l e  G A S  besn f o r  e a s e  o f  i m i f c s t i c g  on t h e  space s h u t t l e  ( F i g u r e  
2). 
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The i n n e r  l i q u i d  n i t r o g e n  c o n t a i n e r  w i l l  be s u p p o r t e d  w i t h i n  t h e  GAS 
can  w i t h  a t h e r n a l l y  i s o l a t e d  s t r u c t u r e ,  and w i l l  be r a d i a t i v e l y  
s h i e l d e d  w i t h  m u l t i p l e - l a y e r - i n s u l a t i o n .  F i l l  and v e n t  p o r t s  will be 
p r o v i d e d ,  a l o n g  w i t h  a pumping port for  t h e  dewar vacuum j acke t ,  and 
t h e s e  w i l l  be accessible from t h e  t o p  of t h e  GAS c a n .  The e f f l u e n t  g a s  
w i l l  be r o u t e d  away from t h e  v i c i n i t y  o f  t h e  o p t i c a l  a p e r t u r e  t o  a v o i d  
p o t e n t i a l  m o d i f i c a t i o n  of t h e  l o c a l  glow effects  on o r b i t .  A sealed 
a p e r t u r e  door w i l l  o p e n  i n  o r b i t  t o  e x p o s e  t h e  i n s t r u m e n t  t o  t h e  glow. 
This door  will a l s o  p r o v i d e  a r a d i a t i o n  (hea t )  s h i e l d  for t h e  a p e r t u r e  
d u r i n g  t h e  ground ho ld  time. A sun  s e n s o r  w i l l  close t h e  door 
a u t o m a t i c a l l y .  The dewar w i l l  h a v e  a minimum ho ld  t i n e  of 15 d a y s ,  
i n c l u d i n g  5 d a y s  p re - l aunch  ho ld  time. The dewar w i l l  be f i l l e d  w i t h  a 
c a r b o n i z e d  rayon porous m , - t e r i a l  t o  p r e v e n t  phase  s e p a r a t i o n  i n  z e r o  
g r a v i t y .  The dewar w i l l  be v e n t e d  t h r o u g h  a p r e s s u r e  r e g u l a t o r ,  
m a i n t a i n i n g  t h e  t e m p e r a t u r e  of t h e  l i q u i d  n i t r o g e n  a t  65 k e l v i n  ( o r  
lower, TBD) . 
CVF) t o  r e d u c e  s c a t t e r e d  l i g h t  and improve  t h r o u g h p u t  ( F i g u r e  3). 
R e f l e c t i v e  opt ics  p r o v i d e  s e v e r a l  a d d i t i o n a l  ad v a n t a g e s ,  p r  i n c i p a l l  y 
r e l a t e d  t o  t h e  a b s e n c e  of d i s p e r s i o n .  Thus,  a l l  w a v e l e n g t h s  a r e  
f o c u s s e d  s i m u l t a n e o u s l y  a t  t h e  same p o i n t ,  and t h e  wave leng th  r e s p o n s e  
c a n  be ex tended  i n  f u t u r e  b y  r e p l a c i n g  o n l y  t h e  detectors and t h e  
w a v e l e n g t h - s e l e c t i n g  f i l t e r s .  Al ignment  c a n  be  carried o u t  a t  v i s u a l  
w a v e l e n g t h s ,  and t h e  parabol ic  mirrors c a n  be diamond-machined u n d e r  
n u m e r i c a l  c o n t r o l ,  which g r e a t l y  a s s i s t s  assembly  and a l i g n m e n t .  1 

from t h e  Sun, E a r t h ,  and Poon. R e j e c t i o n  o f  o f f - a x i s  s t r a y  l i g h t  w i l l  
be f u r t h e r  enhanced w i t h  a Lyot  s t o p  i n  t h e o f o r % o p t i c s  ( F i g u r e  3 ) .  
f i e ld -o f -v i ew o f  t h e  s p e c t r o m e t e r  w i l l  be 4 x 4 s q u a r e  and t h e  
c o l l e c t i n g  a p e r t u r e  will be 0.6 i n c h  diameter. After p a s s i n g  t h e  Lyot  
s t o p ,  t h e  collected r a d i a t i o n  is re - focussed  o n t o  a c i r c u l a r - v a r i a b l e -  
f i l t e r  whee l  (CVF) where wave leng th  s e l e c t i o n  o c c u r s .  The CYF w i l l  h a v e  
three s e c t i o n s ,  v a r i a b l e  i n  wave leng th :  0.9-1.8, 1.5-3.0, and 2.7-5-5 
m i c r o n s .  The s p e c t r a l  r e s o l u t i o n  o f  t h e  CVF is 1% o f  t h e  wave leng th .  
A l l  f i l t e r  components  are a v a i l a b l e  commerc ia l ly .  The t r a n s m i t t e d  
r a d i a t i o n  is re - focussed  o n t o  an  i n f r a r e d  detector  ( I n S b ) ,  o y g r a t e d  a t  
6 5  l t e l y i n  - ( o r  lower) t o  p r o v i d e  an  MESR o f  less t h a n  2 x IO- 
sr cm i n  a 5-second s c a n .  The s c a n  time w i l l  b e  a s  s h o r t  as i s  
possible (4 s e c o n d s )  w i t h o u t  d e g r a d i n g  s e n s i t i v i t y  d u e  t o  bandwidth  
l i m i t a t i o n s .  
l o a d  resistor o f  a p p r o x i m a t e l y  2 x 1 0  ohms. A s t i m u l a t o r  ( i n f r a r e d  
s o u r c e )  w i l l  be located i n  t h e  p r e - o p t i c s  area t o  p r o v i d e  an  i n t e r n a l  
c a l i b r a t i o n  s o u r c e .  The e x p e c t e d  i n s t r m e n t  s e n s i t i v i t y  is compared 
w i t h  t h e  z o d i a c a l  background,  w i t h  v a r i o u s  e x t e r n a l  c a l i b r a t i o n  objects ,  
and w i t h  possible glow i n t e n s i t i e s  i n  F i g u r e  4. 

i n  t h e  broadband mode. It will be sampled a t  t h e  same r a t e  a s  t h e  
narrow-band d e t e c t o r  i n  t h e  f o c a l  p l a n e ,  b u t  w i l l  o b s e r v e  t h e  f u l l  
spec t rum a t  once  t o  m o n i t o r  r a p i d  c h a n g e s  i n  t h e  glow f l u x  l e v e l  ( d u r i n g  
t h r u s t e r  f i r i n g ,  for i n s t a n c e )  and t o  n e a s u r e  v e r y  weak f l u x e s .  The 
f l i g h t  e l e c t r o n i c s  w i l l  ove r sample  t h e  f o c a l  p l a n e  detector s i g n a l  by a 

The spectrometer w i l l  u s e  e n t i r e l y  r e f l e c t i v e  o p t i c s  ( e x c e p t  fo r  t h e  

The i n p u t  a p e r t u r e  w i l l  be b a f f l e d  t o  min imize  s c a t t e r e d  l i g h t ,  e.g. 

The 

wattS/Cm 

The detector w i l l  u s e  a lb rans - impedance  amplif ier  w i t h  a 

A second  d e t e c t o r  w i l l  be p rov ided  i n  t h e  p r e - o p t i c s  a r e a  t o  be u s e d  
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5 factor  of 5-10 and p r o v i d e  a dynamic r a n g e  o f  10 . A d d i t i o n a l  c h a n n e l s  
w i l l  be p rov ided  for  t h e  broadband detector and s e v e r a l  t e m p e r a t u r e  
s e n s o r s .  The o u t p u t  of t h e  e l e c t r o n i c s  w i l l  be c o m p a t i b l e  w i t h  t h e  
H i t c h h i k e r  a v i o n i c s .  The power and i n s t r u m e n t  c o n t r o l  l i n e s ,  and t h e  
d a t a  l i n e s ,  w i l l  be r o u t e d  t h r o u g h  t h e  bottom of t h e  G A S  c a n  ( F i g u r e  I )  e 

The power and i n s t r u m e n t  c o n t r o l  will be s u p p l i e d  v i a  t h e  H i t c h h i k e r  
a v i o n i c s .  Data w i l l  be r e c o r d e d  onboard  and a l so  downl inked  t o  
s u p p o r t  eqGipment ,  p r o v i d i n g  d i rec t  c o n t r o l  of t h e  e x p e r i m e n t  and 
r e a l - t i m e  d a t a  i n s p e c t i o n  d u r i n g  f l i g h t .  

o r b i t  c o n d i t i o n s ,  and w i l l  s a t i s f y  s t r u c t u r a l ,  t h e r m a l ,  and s a f e t y  
r e q u i r e m e n t s  for GAS p a y l o a d s .  The e n t i r e  f l i g h t  i n s t r u m e n t  will be 
c o n t a i n e d  i n  a s i n g l e  GAS can ,  so  t h a t  t h e  Hi tchhiker  a v i o n i c s  and 
i n s t r u m e n t  GAS c a n i s t e r  can  be flown on a s i n g l e  G4S beam ( F i g u r e  2). 

The e n t i r e  a s sembly  w i l l  be compatible w i t h  G A W s h u t t l e  l a u n c h  and 

S e n s i t i v i t y  

InSb d e t e c t o r s  n e a r  1 mm i n  d i a m e t e r  and h a v i n g  h i g h  s e n s i t i v i t y  are  
c o m n e r c i a l l y  a v a i l a b l e ,  and w i l l  be used.  The o p t i c a l  t h r o u g h p u t  
( e t e n d u e )  is t h e n  e a s i l y  c a l c u l a t e d  from t h e  f/.83 detector f o c u s s i n g  
mirror t o  be 

(1 1 -2 A n  = 1.03 x 1 0  cm2 sr 

T h i s  e t e n d u e  is p r e s e r v e d  t h r o u g h o u t  t h e  o p t i c a l  sys tem.  The c o l l e c t i n g  
mirror a t  t h e  e n t r a n c e  a p e r t u r e  h a s  an  e f f e c t i v e  d i a m e t e r  of 3.14 cm and 
is o p e r a t e d  a t  f / l .6 .  The f i g l d  stog is 4 mm x 4 mn, c o r r e s p o n d i n g  t o  a 
s q u a r e  beam on t h e  s k y  of  4.5 x 4 .5  . 

The Noi se -Equ iva len t -Spec t r a l -Rad iance  (NESR) , for an ex tended  s o u r c e  
o f  uni form s u r f a c e  b r i g h t n e s s  which  f i l l s  t h e  f i e ld -o f -v i ew,  i s  g i v e n  by 

(2 1 -1 NE P 

TAQ A V  4; 
NESR = w a t t s / c n 2  sr em 

where 

NEP 
NEPI 
T 
An 
Av 
R 
t 
'i 

N 
"t 

= ( l o 4  V)N$FI, t h e  detector NEP a t  f r e q u e n c y  v (cm-'), 
= 1.8 x 10- 
= 0.4, t h e  t y t a 1 2 t r a n s n i t t a n c e  of t h e  o p t i c a l  s y s t e m ,  
= 1.03 x IO- cm sr, t h e  e t e n d u e ,  
= v / R ,  t h e  spectral  r e s o l u t i o n  e l e n e n t ,  
= 100, t h e  s p e c t r a l  r e s o l v i n g  pwer,  
= Ti /R,  t h e  i n t e g r a t i o n  time p e r  s p e c t r a l  e l e m e n t ,  
= 5 s e c o n d s ,  t h e  i n t e g r a t i o n  time r e q u i r e d  for  one  c o m p l e t e  

= t h e  number of complete s c a n s ,  and 
= NT., t h e  t o t a l  i n t e g r a t i o n  time. 

W J R z ,  t h e  NEP a t  x = l p n  wave leng th ,  

s c a n ,  

1 
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Then, 

-1 R 3 l 2  NEPl  
NESR = watts/cm2 sr cin 

TAdb J; 

or ,  u s i n g  t h e  v a l u e s  g i v e n  above ,  

- 14 
-1 4.36 x 10 

J T  

watts/cM2 sr cn - NESR = (4 

Note t h a t  t h e  MESR e x p r e s s e d  i n  e q u a t i o n s  ( 3 )  and ( 4 )  is i n d e p e n d e n t  of 
wave leng th ,  i f  t h e  r e s o l v i n g  power is k e p t  c o n s t a n t .  

It is also u s e f u l  t o  e x p r e s s  t h e  NESR i n  u n i t s  of R a y l & i g h s / t  ( t h e  
Ray3eigh-Is  - a u n i t  o f  s u r f a c e  b r i g h t n e s s  e q u i v a l e n t  t o  10 p h o t o n s  
cm sec , r a d i a t e d  i n t o  4~ s r ) ,  

4a e 10-18 R3'2 
Rayle ighs /8  vC NESR = 

hc TAB JT 

For  t h e  p a r a m e t e r s  g i v e n  above ,  t h e  NESH may b e  

2.75 
NESR = Ra y l e i g  h s / 8  

x J.r 

re-wr i t t e n  

(5 

(6 

where is g i v e n  i n  The e x p e c t e d  NESR i s  shown i n  F i g u r e  4 f o r  
~ = 1 0 0  s e c o n d s  and a r e s o l v i n g  power of 100, r e p r e s e n t i n g  c23 co-added 
s p e c t r a l  s c a n s .  

For f a i n t  cont inuum e m i s s i o n s ,  t h e  s p e c t r a l  r e s o l v i n g  power c a n  be 
degrigded i n  software by @IO-fold ( t o  R = IO), p r o v i d i n g  an NESR of 1.4 x 
10- b J / ~ k  for = 100 s e c o n d s ,  This is compared w i t h  t h e  i n t e n s i t y  of  
t h e  z o d i a c a l  l i g h t  t o w a r d s  t h e  e c l i p t i c  pole  i n  F i g u r e  4, where it is 
s e e n  t h a t  good s i g n a l - t o - n o i s e  can  be o b t a i n e d  on t h i s  i m p o r t a n t  
a s t r o n a n i c a l  background s o u r c e .  The zodiacs1 l i g h t  i s  t y p i c a l l y  2-3 
times b r i g h t e r  i n  t h e  ec l ip t i c  p l a n e ,  a t  9 0  e l o n g a t i o n .  The a p p a r e n t  
mean s u r f a c e  b r i g h t n e s s  of Mars, J u p i t e r ,  and S a t u r n ,  d i l u t e d  t o  o u r  
beam s i z e  i n  August  1986, a re  a l so  shown. S p e c t r a l  s t r u c t u r e  h a s  been  
a n i t t e d  for r e p r e s e n t a t i o n  pu rposes .  

The s t r o n g e s t  e m i s s i o n s  of a l l  may be  t h o s e  of t h e  induced  glow. For  
, i f  t h e  u n r e s o l v e d  cont inuum l e v e l  s e e n  i n  t h e  IS0 s p e c t r a  (c50 

band e m i s s i o n ,  t h e n  Langhof f ' s  s p e c t r a l  model c o u l d  be used  t o  e s t i m a t e  
t h e  i n t e n s i t y  expected a t  1.5 pm CLanghoff e t  a1. ,19831.  Accord ing  t o  
t h i s  model, it would be c3O times b r i g h t e r  there. The r a t i o  o f  
s i g n a l - t o - n o i s e  e x p e c t e d  u s i n g  t h e  S IRE s p e c t r o m e t e r  ( s i n g l e  s c a n ,  T = 
5 s e c o n d s )  would t h e n  be cl800. However, t h i s  is probably a n  
o v e r - e s t i m a t e  for  t h e  OH i n t e n s i t y .  In a d d i t i o n  t o  p o t e n t i a l  OH 
e m i s s i o n ,  o the r  b a n d s  n a y  be p r e s e n t  s u c h  a s  NO2 ( V  + v , and v3) ,  H2Q 
( v l  and 1, MO (1-0, o v e r t o n e s ,  and h o t  S a n d s ) ,  H d (v3? ,  CO 
( fundamen2al .  o v e r t o n e s ,  ho t  bands) ,  and C 0 2  ( V  ) ,  $0 m e n t i o n  o n l y  those  
which have  been  s u g g e s t e d  or which seem p a r t i c a l a r l y  l i k e l y .  

0.6 T o r r  and T o r r  [19841)  were assumed t o  be due t o  ON Meine l  
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The f lux  seen b y  t h e  d e t e c t o r  m u s t  be < 2.5 x wa t t s ,  f o r  t h e  
NEP u s e d ,  i f  a m p l i f i e r  s a t u r a t i o n  is t o  be avoided. Hence, t h e  beam 
averaged s u r f a c e  b r i g h t n e s s  ( a t  1 ,m) cannot  exceed 

(7 1 -1 2 2 -1 = 2.5 x 10  watts/cm sr cn Rm ax 

Thus, t h e  m a x i m u m  s ignal- to-noise  r a t i o  achievable  i n  a s i n g l e  scan w i l l  
b e  ,~125. If t h e  induced  glow were t o  be a s  b r i g h t  a s  i nd ica t ed  i n  
F igure  4,  our  a m p l i f i e r s  would be s a t u r a t e d ,  t h e r e f o r e  a comnandable 
ranging c a p a b i l i t y  i s  i n c l u d e d  i n  t h e  e l e c t r o n i c s  d e s i g n .  

Test and Ca l ib ra t ion  

Careful  o p t i c a l  c a l i b r a t i o n  and t e s t i n g  will be conducted i n  t h e  
l a b o r a t o r y ,  w i t h  p a r t i c u l a r  emphasis on measureinents of  t h e  o f  f -ax is  
r e j e c t i o n  of  s t r a y  l i g h t ,  t h e  abso lu te  i n t e n s i t y  c a l i b r a t i o n ,  t h e  no i se  
performance, and t h e  measurement o f  l i n e a r i t y .  Addit ional  tests 
( v i b r a t i o n ,  thermal ,  EY1) w i l l  be c a r r i e d  o u t ,  a s  requi red .  

P a r t i c u l a r  emphasis w i l l  be placed on i n t e n s i t y  c a l i b r a t i o n .  
Ground c a l i b r a t i o n  of  t h e  assembled system w i l l  be c a r r i e d  o u t  i n  t h e  
l a b o r a t o r y ,  before  and a f t e r  f l i g h t .  However, because o f  t h e  long time 
(probably  1 year) between t h e  c a l i b r a t i o n s ,  we plan t o  make i n - f l i g h t  
c a l i b r a t i o n  a s  trell. An internal  i n f r a r e d  source  ( s t i m u l a t o r ,  Figure 3 )  
w i l l  provide r e l a t i v e  i n t e n s i t y  c a l i b r a t i o n ,  and e x t e r n a l  sources (Mars, 
J u p i t e r ,  Saturn,  F igure  4 )  w i l l  provide abso lu te  c a l i b r a t i o n .  The 
e x t e r n a l  s au rces  can be acquired by poin t ing  t h e  space s h u t t l e ,  s i n c e  
our  l a r g e  beam s i z e  permi ts  source  a c q u i s i t i o n  w i t h  on ly  modest po in t ing  
accuracy. T e r r e s t r i a l  l imb scans  w i l l  enable  i n t e n s i t y ,  wavelength, and 
dynamic  range c a l i b r a t i o n  from t h e  known OH Meinel ai rglow i t se l f .  
F i n a l l y ,  when v i e w i n g  deep space,  t h e  zodica l  emission provides  an 
a u t m a t i c  s i g n a l  f o r  c a l i b r a t i o n  o f  f a i n t  glow emissions.  
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TABLE 1. SHUTTLE INFRARED GLOW EXPERIMENT: SPECIFICATIONS AND 
REQUImNTS 

Wavelength Coverage 
Resolving Power 
Detector 
Sensitivity (single scan NESR) 
Scan Time 
Operating Temperature 
Dewar Hold Time (minimum) 

Field-of-View 
Aperture Size 

0.9-5.5 microns 
100 
InSb 
<2 x 10-u W/cm 
:5 seconds 
4 5  K 
5 days pre-flight 
10 days in-flight 

2 sr em-’ 

4 O  x 4 O  

3.14 em diameter 
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Fig. 1. Conceptual drawing of SIRGE instrument in GAS can. 
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Fig. 2. SIRGE spectrometer Hitchhiker mounting configuration. 
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Fig. 4. SIRGE sensitivity limits, calibration sources, 
and possible glow intensities. 
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