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ABSTRACT 

We describe a Wide-Field S o f t  X-ray Camera (WFSXC) 
s ens i t i ve  i n  t h e  50 - 250 eV band. w h i c h  is p r e s e n t l y  u n d e r  
deve lopment  by MIT and Le ices te r  U n i v e r s i t y .  The camera  
f e a t u r e s  Wol t e r -Schwarzsch i ld  o p t i c s  w i t h  an 8 degree f i e l d  
of view a n d  300 cm2 c o l l e c t i n g  a r e a .  The f o c a l  p l a n e  
i n s t r u m e n t  is a m i c r o c h a n n e l  p l a t e  d e t e c t o r .  Broad-band 
et lergy d i s c r i m i n a t i o n  is p r o v i d e d  by t h i n - f i l m  f i l t e r s  
mounted immedia t e ly  i n  f r o n t  o f  t h e  f o c a l  p l a n e .  The 
WFSXC is c a p a b l e  of d e t e c t i n g  s o u r c e s  w i t h  i n t e n s i t i e s  
> 5 per cent o f  HZ 43 d u r i n g  t y p i c a l  s o u n d i n g  r o c k e t  
exposures, a n d  i t  would approach  t h e  same s e n s i t i v i t y  
r a n g e  a s  EUVE d u r i n g  a t y p i c a l  e x p o s u r e  from t h e  S h u t t l e .  

The X-ray Astronomy s o u n d i n g  r o c k e t  g r o u p  a t  MIT, a l o n g  w i t h  
c o l l a b o r a t o r s  from L e i c e s t e r  U n i v e r s i t y ,  have  deve loped  a Wide F i e l d  
S o f t  X-rsy Camera (WFSXC). T h e  i n s t r u m e n t  f e a t u r e s  Wolter-Schwarz-  
s c h i l d  o p t i c s  ( W o l t e r  1 9 5 2 a , b )  w i t h  an 8 d e g r e e  d i a m e t e r  f i e l d  o f  
view and a m i c r o c h a n n e l  p l a t e  d e t e c t o r  a t  t h e  f o c a l  p l a n e .  The 
WFSXC was d e s i g n e d  t o  c a r r y  o u t  an  a l l - s k y  s u r v e y  i n  t h e  u l t r a s o f t  
X-ray band (50  - 250 eV; 50 - 250 A ) ,  w i t h  m o d e r a t e  s e n s i t i v i t y  
and a rc -minu te  a n g u l a r  r e s o l u t i o n .  

m i s s i o n  o r  S h u t t l e  pay load  a r e  i t s  w i d e  f i e l d  and i t s  o p e r a t i o n  i n  
an e n e r g v  band t h a t  is complementary t o  t h e  t r a d i t i o n a l  s o f t  X-ray 
band ( e , g . , t h e  0.1-4 keV band of E i n s t e i n ) .  Al though t h i s  camera by 
i t s e l f  would n o t  w a r r a n t  an e x o l Q r e r  micaior t ,  e s p e c i a i l y  i n  l i g h t  
o f  t h e  pending  EUV E x p l o r e r ,  WFSXC would be  a n  i d e a l  complement on a n  
e r i p l o r e r  m i s s i o n  t o  a more c o n v e n t i o n a l  s o f t  X-ray te lescope o r  o t h e r  
s o f t  X-ray s p e c t r o m e t e r ,  Pe rhaps  t h e  most a p p r o p r i a t e  a p p l i c a t i o n  
o f  t h e  W F S X C  would  be a s  a S h u t t l e  pay load .  S i n c e  i t  i s  a s u r v e y  
i n s t r u m e n t ,  i t  c o u l d  s i m p l y  b e  mounted i n  t h e  S h a t t l e  bay w i t h o u t  
any i n d e p e n d e n t  p o i n t i n g  mechanism, o b s e r v i n g  in w h a t e v e r  d i r e c t i o n  
t h e  S h u t t l e  p o i n t s .  A l t e r n a t i v e l y ,  its s h o r t  f o c a l  l e n g t h  makes i t  
e a s i l y  a d a p t a b l e  i n t o  an Exper iment  of O p p o r t u n i t y  ( E O P )  package .  

The p r imary  a t t r a c t i o n s  o f  u s i n g  WFSXC a s  p a r t  of an explorer  

A s c h e m a t i c  o f  t h e  WFSXC a p p e a r s  i n  Fig .  1. A p h o t o  o f  t h e  
pay load  ( p r i o r  t o  f i n a l  w i r i n g  f o r  a s o u n d i n g  r n c k e t  e x p e r i m e n t )  is 
shown i n  F i g .  2. Br ie f ly ,  t h e  experiment c o n s i s t s  o f  three nested 
Wol t e r -Schwarzsch i ld  t y p e  I m i r r o r s .  w i t h  a m i c r o c h a n n e l  p l a t e  d e t e c t o r  
i n  t h e  f o c a l  p l ane .  Broad-band e n e r g y  d i s c r i m i n a t i o n  is p r o v i d e d  by 
t h i n - f i l m  f i l t e r s  mcunted i m m e d i a t e l y  above  t h e  f c z a l  p l a n e .  

a r e a  o f  “300 cm . I n  o r d e r  t o  o b t a i n  a r e a s o n a b l e  a n g u l a r  r e s o l u -  
t i o n  o v e r  s u c h  a b i d e  f i e l d ,  ?t rJas n e c e s s a r y  t o  machine  t h e  mirrors i n  
a Wolter-Schwarzsch!ld t y p e  I c o n f i g u r a t i o n ,  r a t h e r  t h a n  t h e  more 

The m f r r o r s  have  an 8 d e g r e e  f i e l d  of view and a g e o m e t r i c a l  
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commonly used Wolter t y p e  I p a r a b o l o i d - h y p e r b o l o i d .  The Wol te r -  
S c h w a r z s c h i l d  o p t i c s  a r e  s i m i l a r  t o  t h o s e  o f  t h e  W o l t e r  t y p e  1 ( W o l t e r  
1952a1 ,  except t h a t  t h e  s u r f a c e s  e x a c t l y  f u l f i l l  t h e  Abbe c i n e  cond i -  
t i o n  ( W o l t e r  1952b) .  The  optimum f o c a i  s u r f a c e  is t h e r e f o r e  f r ee  o f  
t h o s e  a b e r r a t i o n s  which grow l i n e a r l y  w i t h  o f f - a x i s  a n g l e  (i.e.s coma).  
Hence t h e  Wol t e r -Schwarzsch i ld  is t h e  s u p e r i o r  d e s i g n  f o r  w i d e - f i e l d  
g r a z i n g - i n c i d e n c e  o p t i c s  (Chase  and VanSpeybroeck 1373) .  

T h e  d e s i g n  cf s u c h  a w i d e - f i e l d  m i r r o r  a l s o  n e c e s s i t a t e d  a 
s m a l l  f o c a l  r a t i o  and t h e  a s s o c i a t e d  l a r g e  g r a z i n g  a n g l e s -  The m i r r o r s  
t h e r e f o r e  hav2 l i t t l e  r e s p o n s e  above  -250 eV. T h i s  is i n d i c a t e d  i n  
F ig .  3 a ,  which shows t h e  e f f e c t i v e  a r e a  o f  t h e  o p t i c s  a s  a f u n c t i o n  
o f  o f f - a x i s  a n g l e  f o r  v a r i o u s  w a v e l e n g t h s .  Approximate ly  t w o - t h i r d s  o f  
t h e  e f f e c t i v e  a r e a  i s  preserved o u t  t o  4 d e g r e e s  o f f  a x i s .  The m i r r o r s  
e s s e n t i a l l y  compr i se  an  f : l  o p t i c a l  system, w i t h  a 55 cm f o c a l  l e n g t h  
and a 38 cm e n t r a n c e  a p e r t u r e .  

T h e  r e s o l u t i o n  of t h e  m i r r o r s  (rms b l u r  c i r c l e  r a d i u s )  a s  a 
f u n c t i o n  o f  o f f - a x i s  a n g l e  is i l l u s t r a t e d  i n  F i g .  3b. The d o t t e d  
curve shows t h e  f o c a l  p l i , n e  c h a r a c t e r i s t i c s  f o r  a f i a t  d e t e c t o r  
l o c a t e d  a t  t h e  o n - a x i s  f o c u s .  S i n c e  a ma jo r  a b e r r a t i o n  is c u r v a t u r e  
o f  f i e l d ,  ' t  i s  p o s s i b l e  t o  s i g n i f i c a n t l y  improve t h e  o f f - a x i s  p o i n t  
r e s p o n s e  by c u r v i n g  t h e  f r o n t  m i c r o c h a n n e l  p l a t e  t o  match t h e  optimum 
f o c a l  s u r f a c e .  The optimum f o c ? l  n h a r a c t e r i s t i c s  o f  t h e  m i r r o r s  a r e  
r e p r e s e n t e d  by t h e  s o l i d  l i n e  i n  F i g .  3b. The Leicester  U n i v e r s i t y  
g roup  i s  d e v e l o p i n g  s u c h  a c u r v e d - p l a t e  m i c r o c h a n n e l  p l a t e  d e t e c t o r  f o r  
f u t u r e  u s e  w i t h  t h e  WFSXC. A t  t h e  ;)resent time, a f l a t  m i c r o c h a n n e l  
p l a t e  c j e t e c t o r  h a s  been r e p o s i t i o n e d  1.25 mm i n  f r o n t  o f  t h e  o n - a x i s  
f o c a l  p o s i t i o n  t o  p r o v i d e  t h e  best  a v e r a g e  imaging  p r o p e r t i e s  o v e r  t h e  
inner 5 degree d i a m e t e r  of t h e  f o c a l  p l a n e ,  a s  represented by t h e  
dashed  l i n e  i n  F i g .  3b. 

The m i r r o r s  were machined o u t  o f  18 cm aluminum p l a t e  s t o 2 k .  
S i n c e  e a c h  o f  t h e  two r e f l e c t i n g  s u r f a c e s  is so s h o r t ,  i t  was p o s s i b l e  
t o  machine bo th  s u r f a c e s  from a s i n g l e  piece of  aluminum. T h e  m i , - r a r s  
were machined on an  o r d i n a r y  n u m e r i c a l l y - c o n t r o l l e d  l a t h e  and p l a t e d  
w i t h  250 m i c r o n s  o f  . = l e c t r o l e s s  n i c k e l .  The f i n s 1  s u r f a c e s  were t h e n  
cu t  on t h e  s i n g l e - p o i n t  d i amond- tu rn ing  l a t h e  a t  t h e  Y-12 p l a n t  a t  Oak 
Ridge, Tennessee. The r e f l e c t i n g  s u r f a c e s  were p o l i s h e d  t o  a low-sca t -  
t e r  f i n i s h  and e l e c t r o p l a t e d  w i t h  1000 A o f  g o l d  t o  enhance t h e i r  
r e f l e c t i v i t y  below 250 eV (Mal ina  and Cash 1 9 7 8 ) .  

I n  o r d e r  t o  a t t a i n  even  a modest ("1 a r c  m i n u t e )  a n g u l a r  
r e s o l u t i o n  ( t h e  s c a l e  of an image on t h e  f o c a l  p l a n e  i s  10 a r c  
m i n u t e s  / m m ) ,  a s  wei l  a s  d e t e c t  X-rays w i t h  e n e r g i e s  l ess  t h a n  "!OG 
eV, i t  was n e c e s s a r y  t o  use a m i c r o c h a n n e l  p l a t e  d e t e c t o r  a s  t h e  f o c a l  
p l a n e  i n s t r u m e n t .  The d e t e c t o r  c o n s i s t s  o f  two m i c r o c h a n n e l  p l a t e s  i n  
t h e  chevron  c o n f i g u r a t i o n  w i t h  a r e s i s t i v e  anode  r e a d o u t  (Lampton and 
i a r e s c e  1971'). The d e t e c t o r  was d e s i g n e d  and c o n s t r u c t e d  by t h e  
Leicester  , ~ n i v e r s i t y  g roup  u s i n g  p l a t e s  s u p p l i e d  by Mul l a rd .  L t d .  anr! 
a r e s i s t i v e  anode f a b r i c a t e d  b y  E M I ,  L t d . .  S i n c e  t h e  r e f l ec t ed  X-rays 
a r e  i n c i d e n t  on t h e  m i c r o c h a n n e l  p l a t e  a t  l a r g e  a n g l e s  ("30 d e g r e e s )  
and mic rochanne l  p l a t e s  a r e  r e l a t i v e l y  i n e f f i c i e n t  a t  these a n g l e s ,  a 
t o p  p l a t e  w i t h  a 0 d e g r e e  b i a s  was chosen .  t h u s  p r e v e n t i n g  a s y m m e t r i e s  
i n  t h e  camera e f f i c i e n c y  a c r o s s  t h e  f o c a l  p l a n e .  The m i c r o c h a n n e l  p l a t e  
e f f i c i e n c y  was enhanced  i n  t h e  s o f t  X-rzy r e g i o n  by c o a t i n g  t h e  t o p  
p l a t e  w i t h  magnesium f l u o r i d e  (Lapson  and Timothy 1976) .  The r e s i s t i v e  
shee t  r e a d o u t  p r o v i d e s  p o s i t i o n a l  i n f o r m a t i o n  a c c u r a t e  t o  "0.1 mm 
( 1  a r c  m i n u t e ) .  
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Broad-band f i l t e r s  a r e  p l a c e d  i n  f r o n t  of t h e  f o c a l  p l a n e  t o  
p r o v i d e  c r u d e  s p e c t r a l  i n f o r m a t i o n  a s  well a s  t o  f i l t e r  ou t  unwanted 
geocoronal background r a d i a t i o n  ( 3 0 4  A and  584 A ) .  The t r a n s m i s s i o n s  
of t h r e e  s u c h  f i l t e r s  a s  a f u n c t i o n  of w a v e l e n g t h  a r e  shown i n  F i g .  4a .  
We h a v e  chosen  t h e  p a r y l e n e  N and t h e  B e r y l l i u m / p a r y l e n e  N f i l t e r s  f o r  
our f i r s t  s o u n d i n g  r o c k e t  f l i g h t .  F o r  t h e  s o u n d i n g  r o c k e t  e x p e r i m e n t  
we have  s i m p l y  mounted t h e  two f i l t e r s  s i d e  by s i d e ,  e a c h  c o v e r i n g  h a l f  
t h e  f o c a l  p l a n e .  ( A  f i l t e r  whee l  would be  used  on a S h u t t l e  o r  
e x p l o r e r  mission.)  The camera  w i l l  p e r f o r m  i t t  o b s e r v a t i o n s  s c a n n i n g  
a t  a c o n s t a n t  r a t e  i n  t h e  d i r ec t ion  t h a t  a l l o w s  a s o u r c e  p a s s i n g  a c r o s s  
t h e  f o c a l  p l a n e  t o  be o b s e r v e d  t h r o u g h  b o t h  f i l t e r s .  I n  a d d i t i o n  t o  
t h e  two t r a n s m i t t i n g  f i l t e r s ,  an  opaque  f i l t e r  c o v e r s  a s m a l l  p o r t i o n  
of t h e  d e t e c t o r  s u r f a c e  so t h a t  t h e  c o u n t i n g  r a t e  from non-imaged 
events may b e  m o n i t o r e d  d u r i n g  f l i g h t .  F i g .  4b shows t h e  o n - a x i s  
e f fec t ive  a r e a  of t h e  e n t i r e  camera  ( f i l t e r ,  t e l e s c o p e  and d e t e c t o r )  
f o r  t h e  v a r i o u s  f i l t e r s  a s  a f u n c t i o n  of w a v e l e n g t h .  

The s e n s i t i v i t y  of VFSXC a s  a f u n c t i o n  of time i s  shown i n  F ig .  
5. I n  s u n d i n g  r o c k e t  e x p o s u r e s  ('10 sec) w e  c a n  d e t e c t  sources down 

t o  '1/20 t h e  i n t e n s i t y  of HZ 4 3 ,  t h e  S r i g n t e s t  known u l t r a s o f t  X-ray / 
EUV s o u r c e  (Lampton e t  a l .  19?5) .  I n  a t y p i c a l  e x p o s u r e  a v a i l a b l e  
d u r i n g  a S h u t t l e  f l i g h t  (1C3-1000 s e c ) ,  t h e  experiment w i l l  be  10-1CC 
times more sens i t ive ,  p l a c i n g  i t  i n  t h e  same s e n s i t i v i t y  r a n g e  a s  EUVE. 
Of course,  t h e  pr imary  a d v a n t a g e  of t h i c  i n s t r u m e n t  i s  i t s  w i d e  f i e l d  
of v i e d ,  wh ich  makes it p a r t i c u l a r l y  s t i t a b l e  f o r  s u r v e y  a p p l i c a t i o n .  
The e n t i r e  c e l e s t i a l  s p h e r e  car! be  imaged i n  '1000 exposures.  An 
example of s u c h  an a p p l i c a t i o n  is  on t h e  German s a t e l l i t e  ROSAT. The 
KFSXC complements  t h e  e n e r g y  band o f  t h e  main RCSAT t e l e s c o p e ,  a n d  i s  
i d e a l l y  s u i t e d  f o r  t h e  s u r v e y  mission ROSAT i s  t o  u n d e r t a k e .  I n  f a c t ,  
a s c a l e d - u p  v e r s i o n  o f  UFSXC h a s  been p roposed  by a c o n s o r t i u m  of 
B r i t i s h  g r o u p s  a s  an a n c i l l a r y  e x p e r i m e n t  on ROSAT, and h a s  been  
t e n t a t i v e l y  i n c o r p o r a t e d  i n t o  t h e  s a t e l l i t e  d e s i g n .  

The rocket-borne v e r s i o n  o f  t h e  WFSXC was l a u n c h e d  from W h i t e  
Sands Missile Range on O c t o b e r  1 6 ,  1981.  I t s  f l i g h t  p l a n  c o n s i s t e d  o f  
a se r ies  o f  s c a n s  a c r o s s  '100 d e g r e e s  of s k y  i n  wh ich  s e v e r a l  p o t e n t i a l  

u l t r a s o f t  X-ray / E U V  sources a r e  l o c a t e d .  T h e  d a t a  f rom t h e  f l i g h t  
a r e  p r e s e n t l y  b e i n g  p r o c e s s e d ,  and t h e  i n s t r u m e n t  i s  b e i n g  r e f u r b i s h e d  
f o r  a s p r i n g ,  1982 l aunch .  
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Figurn 4 :  (a )  Transmission of th.3 thin-film filters 
vs wavelength. ( b )  Effective a:-ea of the Wide-Field 
Soft X-ray Camera vs. wavelenct-h for each of the three 
filters. These areas include the reflcctivities of 
the X-ray mirrors, txansmisslon of the filters, and 
efficiency of thc microchanriel plate detector. 
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Figure 5: Sensitivity cf the WFSXC vs. observation 
time. Sensitivity represents the minimum source 
flux observable with 5 sigma significance over imageu 
background for the Parylene N filter. Imaged back- 
ground rate is approximatel- 300 photons s-1 sr-1.  




