
. -. - _I 1 

I 

379 I 
37 

:m82* 2 6 0 7 4  

A DIFFUSE S o n  X-RAY SPECTROMETER 

L;m McCammon 

Department of Physics, University of Wisconsin, Madison 
i 

Abstract 

A desig: for a diffuse X-ray spectrometer u t i l i z i n g  Bragg reflec- 

t i o n  i s  described. 

physical size and allows simultaneous observation a t  a l l  wavelengths 

w i t h i n  i t s  range. An implementation w i t h  overall dimensions about 

33 x 66 x 66 cm uses 1800 an 

reflector t o  cover the wavelength range 42 to  84 Angstroms w i t h  a 

throughput of about 0.01 un sr,  including detector efficiency. 

Spectral resolving power i s  about 35 to 50. A similar unit equipped 

with thallium acid pthallate crystals w i l l  cover the 11 - 24 A range 

with about half th i s  t h r o u g h p u t  and twice the resolving power. 

The geometry has a very h i g h  throughput for a given 

2 of lead stearate multilayer Bragg 
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I - I NT RODUCT I ON 

There i s  now s t rong evidence i n d i c a t i n g  tha t  most o f  the d i f f u s e  

X-ray background a t  energies l ess  than 1 keV i s  l oca l  t o  the Galaxy 

(Sanders e t  a l .  1977). D iscre te  sources seem t o  account f o r  a t  most a 

small f r a c t i o n  o f  t h i s ,  a t  l e a s t  below 0.3 keV (Vanderh i l l  e t  a l .  1975; 

Rosner e t  a l .  1981). The lack  o f  acceptable non-thermal d i f f u s e  emission 

mechanisms (Will iamson e t  a l .  

o f  t h i s  X-ray f l u x  i s  due t o  thermal emission from a ho t  (1 ?r 10 

tenuous component o f  the  i n t e r s t e l l a r  medium. 

theo re t i ca l  grounds t h a t  such mater ia l  occupies a l a rge  f r a c t i o n  o f  t he  

volume o f  the Galact ic  d isk ,  w i t h  a f i l l i n g  fac to r  perhaps as h i s h  as 

0.5 - 0.9 (Cox and Smith 1974; Smith 1977; McKee and Os t r i ke r  1977). 

I f  t h i s  i s  t r u e  (and the  u b i q u i t y  of 0 V I  absorpt ion i n  the u l t r a v i o l e t  

lendsconsiderable credence t o  the  idea: see r x i e w  by Jenkins 1977), 

1974) leads t o  the conclusion t h a t  most 

6 
K )  , 

I t  has been argued on 

then the hot component must have a profound in f luence on the nature o f  

the ISM, and any comprehensive understanding o f  Galact ic  s t r u c t u r e  and 

evo lu t ion  w i l l  r equ i re  much more d e t a i l e d  knowledge o f  t h i s  h igh  tempera- 

t u r e  mater ia l  than we c u r r e n t l y  possess (McCray and Snow 1979, and 

references there in ) .  

Our p i c tu re  o f  the I S M  i s  g e t t i n g  so complicated tha t  broad-band 

spectral  measurements are no longer  adequate f o r  t e s t i n g  the more 

de ta i l ed  and complex models now being proposed. Fortunately,  r a d i a t i o n  

from gas around 10 K w i t h  any reasonable composition i s  almost e n t i r e l y  

i n  cha rac te r i s t i c  l i n e s  o f  the heavier elements, and observations o f  

6 

these can i n  p r i n c i p l e  supply a wealth o f  in format ion on phys ica l  con- 

d i  t i ons  w l  t h i n  t h i s  component, and even i t s  past h i s t o r y .  I n t e r p r e t a t i o n  
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of spectra w i l l  admi t ted ly  be compl icated considerably by m u l t i p l e  

temperatures, abundance v a r i a t i o n s  and non-equi 1 i b r i  urn cond i t ions  

o p t i c a l  spectroscopy has had t o  deal w i t h  s i m i l a r  o r  even more severe 

compl icat ions and s t i l l  managed t o  make s i g n i f i c a n t  con t r i bu t i ons  t o  

ast rophys ica l  understandi ng. 

bu t  

11. OBSERVATIONAL APPROACHES 

The fo l low ing  are  poss ib le  avenues t o  observing i n t e r s t e l l a r  gas a t  

6 -10 K: 

1. Opt ica l  and U.V. forbidden l i n e s :  These have been observed i n  some 

h igh  surface b r i  ghtness supernova remnants, bc t  seem hopelessly f a i n t  

from the general ISM. 

2. Resonance absorpt ion l i n e s :  I n  t h i s  temperature range, on ly  the 

0 V I  l i n e s  f a l l  longward o f  the Lyman l i m i t .  

l o c a l  neutra l  hydrogen dens i ty  might a l l ow  observat ion o f  o ther  l i n e s  

i n  the XUV out  t o  a d is tance o f  100 pc o r  so, and could provide much 

The anomalously low 

usefu l  in format ion about the  so la r  neighborhood. Observation o f  

absorpt ion l i n e s  i n  the  X-ray reg ion  could be done against  b r i g h t  

Galact ic  X-ray sources w i t h  AXAF-class inst rumentat ion and should 

g ive some very i n t e r e s t i n g  r e s u l t s  . 
few i n  number and almost a l l  a t  l a r g e  distances, so on ly  a very 

However, su i  t ab le  sources are 

l i m i t e d  amount o f  in fo rmat ion  can be obtained i n  t h i s  way. 

3 .  Photo ion izat ion s ignatures:  One colrld conceivably look f o r  evidence 

o f  absorpt ion o f  X-ray and XUV photons i n  surrounding cooler  ma te r ia l .  

However, none o f  the  access ib le  r e s u l t i n g  s tates seems s u f f i c i e n t l y  

unique t o  make t h i s  a p r a c t i c a l  approach. 



4. X-ray emission l i n e s :  These represent the  dominant coo l ing  mechanism 

f o r  the hot gas and have p o t e n t i a l l y  t h e  h ighest  in format ion content. 

One o f  the major observat ional  d i f f i c u l t i e s  i s  the  low surface 

br ightness. Since t h i s  i s  a t r u e  d i f f u s e  source, c o l l e c t i n g  o r  

focussing op t i cs  can serve only  t o  increase s p a t i a l  resolut ion,  

which w i l l  be des i rab le someday, bu t  i n  a f i r s t -genera t i on  instrument 

the  add i t i ona l  i n e f f i c i e n c y  in t roduced by these elements would 

exacerbate the major problem o f  g e t t i n g  enough photons. 

111. TYPES OF SPECTROSCOPIC INSTRUMENTS 

Possible instrumental  types f o r  moderate-resolut ion spectroscopy 

below 1 keV inc lude:  

1. S o l i d  s t a t e  detectors :  These have wide acceptance angles, but  

a t  the cur ren t  s t a t e  o f  the a r t  g ive l i t t l e  improvement over propor t ional  

counters below 1 keV. 

2. Re f lec t i on  gra t ings :  Al low observat ion o f  a l l  wavelengths 

simultaneously, but  must be used near g raz ing  incidence, making acceptance 

angles and throughput extremely small f o r  d i f f u s e  sources. 

3 .  Transmission gra t ings :  S m a l l  d ispers ions again requ i re  small 

E f f i c i ency  i s  a l so  lower than r e f l e c t i o n  grat ings.  acceptance angles. 

4. Bragg c r y s t a l s  and mu1 t i - l a y e r  analyzers:  These have r e l a t i v e l y  

h igh  in tegra ted  r e f l e c t i v i t i e s ,  can work a t  l a r g e  angles, and thus can 

have r e l a t i v e l y  h igh  throughput. 

c r y s t a l  a r e a  can be used for  on l y  one wavelength a t  a time, i f  a l l  incoming 

X-rays a r e  a r r i v i n g  from the same d i r e c t i o n .  

Thei r  major disadvantage i s  t ha t  a given 

e 



For studying the  d i f f use  background, we can get around the prob:em 

o f  one wavelength a t  a t ime when us ing Bragg r e f l e c t i o n  by look ing  a t  

many wavelengths simultaneously, but  from d i f f e r e n t  pa r t s  o f  t he  sky. 

,pat ia l  coverage can e i t h e r  be smeared ou t  t o  get an average spectrum o r  

sor ted ou t  by s p a t i a l  b ins as the  instrument p o i n t i n g  i s  changed t o  

eventua l l y  ob ta in  a complete spectrum o f  each s p a t i a l  element wh i le  

r e t a i n i n g  the spect ra l  mu l t i p lex  advantage. 

describes one geometry which has been worked out  t o  take advantage o f  

t h i s  scheme. 

The 

The fo l l ow ing  sec t ion  

I V .  GEOMETRY FOR A DIFFUSE X-RAY BRAGG SPECTROMETER 

To ob ta in  a f i n i t e  count ing r a t e  from a t r u l y  d i f fuse  source, the 

de tec tor  must accept X-rays from a f i n i t e  range o f  angles. To keep the 

Bragg r e f l e c t i o n  angle (and thus the observed wavelength! from changing 

as f a s t  as the angle w i t h  respect t o  the de tec tor ,  the  c r y s t a l  can be 

curved t o  compensate f o r  the changing look d i r e c t i o n ,  keeping the r e f l e c -  

t i o n  angle constant. For a one-dimensional de tec tor ,  the requi red curve 

i s  an exponential s p i r a l .  

l a r g e  as desired wi thout  a f f e c t i n g  the spec t ra l  resol!:t ion, but  i t  

works on ly  f o r  a s ing le  wavelength. 

This a l lows the f i e l d  o f  view t o  be made as 

Our approach i s  t o  extend a pos i t i on -sens i t i ve  detector  along the 

x - a x i s ,  and t o  make the curvature o f  the c r y s t a l  above each po in t  on 

the counter appropr ia te t o  an exponential s p i r a l  about t h a t  po in t ,  

subject  t o  the cons t ra in ts  tha t  the c r y s t a l  be continuous and have a 

continuous slope. This al lows the use o f  a plane detector  w i t h  a simply 

constructed c o l l i m a t o r  d i rec ted  perpendicular t o  the counter face a t  a l l  
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p o s i t i o n s .  

w i l l  va ry  w i t h  p o s i t i o n  on t h e  x-axis,  b u t  a t  any g iven p o s i t i o n  t h e r e  

w i l l  be no change i n  t h i s  angle t o  f i r s t  o r d e r  as t h e  c o l l i m a t i o n  angle 

departs from pe rpend icu la r .  The shape thus determined for  t h e  c r y s t a l  

t u r n s  o u t  t o  be a c i r c u l a r  c y l i n d e r ,  w i t h  t h e  d e t e c t o r  l o c a t e d  a long  a 

diameter, as shown i n  F i g u r e  1. 

a n a l y t i c  express ions f o r  parameters o f  i n t e r e s t ,  which a r e  g i ven  i n  

Table 1 .  

expression cvs 0' = cos 0 cos &+,and the  approx imat ion s i n  0'2 s i n  0 cos A $ ,  

where 0 i s  t h e  r e f l e c t i o n  angle f o r  t h e  ray pe rpend icu la r  t o  t h e  d e t e c t o r ,  

and 0 '  i s  t h e  r e f l e c t i o n  angle f o r  a r a y  which i s  a t  an angle AI$ from per-  

pend icu la r  i n  t h e  d i s p e r s i o n  d i r e c t i o n  o r  A* from pe rpend icu la r  i n  t h e  

cross d i r e c t i o n .  

i n  the d i s p e r s i o n  d i r e c t i o n  always increases t h e  wavelength from t h e  nominal 

va lue a t  t h a t  x - p o s i t i o n ,  w h i l e  going o f f - a x i s  i n  t h e  cross d i r e c t i o n  always 

decreases i t . 

f i e l d  o f  view, and t h e  FWHM o f  the  r e s u l t i n g  p r o f i l e  i s  l e s s  than h a l f  

t h e  A X  c a l c u l a t e d  us ing  t h e  FWHM angle o f  t h e  c o l l i m a t o r .  

The r e f l e c t i o n  angle for  rays pe rpend icu la r  t o  t h e  d e t e c t o r  

This  makes i t  s imp le  t o  c a l c u l a t e  

These f o l l o w  from t h e  Bragg c o n d i t i o n ,  X = 2d s i n  0', t h e  exact  

As can be seen from these expressions, Coing o f f - a x i s  

These e f f e c t s  p a r t i a l l y  cancel over  most o f  t h e  o f f - a x i s  

F i y u r e  2 shows a cross s e c t i o n  o f  an i ns t rumen t  as i t  m igh t  be b u i l t  

us ing a l e a d  s t e a r a t e  (PbSt) Bragg r e f l e c t o r  t o  cover  t h e  148-295 eV band. 

The i n h e r e n t  r e s o l v i n g  power o f  PbSt v a r i e s  from 40 t o  60 over  t h i s  range 

and the  c o l l i m a t i o n  ang!es on the  d e t e c t o r  can be opened up t o  20" x 20' 

FWHM be fo re  t h i s  i z  degraded by a f ac to r  o f  

pu te r  model has been w r i t t e n  t o  p r e d i c t  t h e  response 3f  such an inst rument  

t o  an a r b i t r a r y  i n p u t  spectrum. 

E-. A r a y - t r a c i n g  com- 

The program takes i n t o  account o f f - a x i s  
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rays, v ignet t ing ,  c o l l i m a t o r  transmission, and detector  e f f i c i e n c y  for a 

p r a c t i c a l  p ropor t iona l  counter, as w e l l  as the f u l l  rock ing  curve and 

specular r e f l e c t i o n  o f  t he  Bragg c rys ta l s .  The l a t t e r  were measured for 

PbSt a t  the Tantalus synchrotron r a d i a t i o n  f a c i l i t y  of the  Un ivers i ty  o f  

Wisconsin's Physical  Sciences Labaratory, using a g r a t i n g  double 

monochrometer. 

s k i r t e d  0.5 A bandpass o f  t h i s  source allowed measurements o f  the wings 

o f  the rock i i lg  curve down t o  three orders o f  magnitude beloh the peak, 

and specular r e f l e c t i v i t y  out t o  angles where i t  dropped below l o ?  
These parameters are impor tant  i n  determining the response o f  a Bragg 

spectrometer t o  such quasi-continuous sources as ast rophys ica l  plasmas. 

The h igh  i n t e n s i t y ,  low scat tered l i g h t ,  and steep- 

Calcu lat ions f o r  the  geometry o f  Figure 2 w i t h  a de tec tor  23 cm wide 

i n  the x - d i r e c t i o n  and both de tec tor  and c r y s t a l  53 cm long g ive a 

throughput as shown i n  Figure 3 .  

t o  a sky un i fo rm ly  b r i g h t  i n  boron and carbon K-alpha emission. The 

natura l  widths o f  these l i n e s  when they a r e  exc i ted  from elemental s c l i d s  

as published by Ho l l i day  (1967) have been included; the  response t o  a 

monochromatic l i n e  o f  the same nominal wavelength i s  shown by the dashed 

l i n e .  

exposed t o  l a r g e  a lpha -pa r t i c l e  exc i ted  targets  o f  boron and carbon which 

e n t i r e l y  f i l l e d  i t s  f i e l d  o f  view. 

response. ( The ho r i zon ta l  scale,  f o r  which nomi nal  wave1 engths a r e  given , 

i s  l i n e a r  i n  x -pos i t i on  on the detector .  

p ropor t ion  counter i s  about 1 -.un FWHM a t  70 eV pulse height ,  and does not 

con t r ibu te  s i g n i f i c a n t l y  t o  the l i n e  p r o f i l e  widths.)  We do not  know why 

Figure 4 shows the  ca lcu la ted  response 

A spectrometer has been b u i l t  t o  the above spec i f i ca t i ons  and 

The data po in ts  i n  Figure 4 show i t s  

The p o s i t i o n  reso lu t i on  o f  the 
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the boron l ine appears s ign i f icant ly  narrower than the published p r o f i l e ,  

but this has a lso been noticed when tes t ing  f l a t  crystal  samples i n  a 

monochrometer w i t h  an electron-excited boron source. The spreading of 

the profiles a t  low ampli tudes (most noticeable on the long-wavelength 

wing of the carbon l i n e )  i s  probably due t o  imperfections i n  the cyl indri-  

cal figure a t  the edges o f  the  individual elements of the mosaic crystal  

panel. 

calculated throughput t o  be t te r  than 15% for both l ines .  

Absolute inte:isi ty cal ibrat ions of the sources agree w i t h  the  

Figure Sa shows the response t o  a two-temperature Raymond and S m i t h  

(1977) thermal spectrum which has been f i t  t o  three-band sky survey data 

for  a typical region i n  the southern hemisphere. 

the spectrum a r e  a lso indicated as they appear before being folded through 

the instrumental response. The dashed l i n e  shows the contribution due t o  

the cosmi c-ray background level predicted by laboratory measurements 

( 6  x 

limits used i n  in tegrat ing the signal have been varied w i t h  posit ion on 

the counter t o  roughly optimize the signal t o  noise r a t i o .  

shows the same response integrated in to  position b i n s  for  an assumed 

5000-second observation, w i t h  the resul t ing number of counts i n  each b i n  

further subjected to  a Poisson randomization. 

figures showing the PbSt  bandpass, the collimation angles have been 

reduced t o  10' x 10" FWHM i n  order t o  preserve essent ia l ly  the f u l l  

inherent resolving power o f  the crys ta l s .  

The brighter lines i n  

counts cm -* s-' k e f ' ) .  I t  slopes because the pulse height 

Figure 5b 

For this and the following 

A similar geometry can be used w i t h  other Bragg crys ta l s .  Thallium 

a c i d  pthall2te ( T A P )  shows the greatest  promise for covering the in te res t ing  
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M band region ( .5 - 1 .O keV) where the number of important l i n e s  i s  not 

so large as  a t  lower energies and the physics should be eas ie r  t o  dis- 

entangle. 

means that  the integrated r e f l e c t i v i t y  i s  lower than for  PbSt, and this, 

coupled with the much lower fluxes,  means t h a t  l o n g  observing times will 

be necessary. 

the same s ize  as the PbSt spectrometer, b u t  u s i n g  a TAP crystal  t o  cover 

the 516 t o  1032 eV range. 

15" x 15" i n  order t o  fncrease the throcghput, and as a resu l t  the observzd 

l ine prof i le  w i d t h s  a re  almost ent i re ly  due t o  e f fec ts  o f  the collimation 

angles. 

a re  not u n i q u e ,  and Figures 7 and 8 show the resu l t  of two d i f fe ren t  m u l t i -  

component spectral f i t s  t o  another part of the sky. 

three-temperature f i t s  with equilibrium models, a n d  while non-equilibrium 

models would cer ta inly be d i f f e r e n t ,  they are  unlikely t o  be s igni f icant ly  

more complex. 

Unfortunately, the much higher inherent resolving power of TAP 

Figure 6 shows the predicted resu l t s  from an instrument 

The collimation angle has been opened up t o  

Even thermal equilibrium f i t s  t o  the three-band sky survey data 

These are  one- and 

V .  OTHER BRAGG REFLECTORS 

No natural c rys ta l s  have 2d spacings long enough t o  cover the 

150-300 eV region, and PbSt  i s  the best material tested so f a r  for  a 

Langmuir-Blodgett mu1 t i l a y e r  analyzer. 

the highest integrated r e f l e c t i v i t y  of commercially available c r y s t a l s .  

For the 500-1000 eV range, TAP has 

However, recent successful work w i t h  a r t i f i c i a l  multilayers i s  very 

promising (Spi l le r  e t  a t .  1980; Barbee 1981 ; underwood and Barbee 1981). 

The rocking-curve width of PbSt i s  actually rqther well matched t o  the 
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resolving power which could be used on even a fa i r ly  lengthy shuttle- 

based observation. 

probably n o t  more t h a n  a factor of two t o  be gained by going t o  an 

optimized a r t i f i c i a l  multilayer. 

resolving power of abouz lo3, which i s  much higher t h a n  can be used with 

expected observing ti:: es and instrumental backgrounds, and we calculate a 

factor of five potential improvement for a r t i f i c i a l  multilayers that seem 

feasible t o  fabricate. 

The materials are also nearly optimum and there i s  

TAP, on the other hand,  has an inherent 

V I .  CONCLUSIONS 

Spectroscopy o f  the G a l a c t i c  component of the diffuse X-ray background 

i s  necessary for an adequate understanding of the coronal phase of the 

inters te l lar  medium. This i s  especially important i f  t h i s  phase i s  as 

pervasive as has been predicted. 

Whether this  spectroscopy eventually i s  done with an instrument similar 

t o  the one described here, or with some more clever specialized design, 

or as a sideline by a much larger general-purpose instrument, two major 

characteristics must be kept in mind and designed in.  

i s  simply h i g h  t h r o u g h p u t .  I t  i s  probably impractical to  attempt these 

observations with less t h a n  about 10% of the area-solid angle  factor of 

the examples in this  paper. 

of view, th i s  implies very large areas. 

equipped with very high efficiency (50%) objective reflection gratings a n d  

having abou t  the same physical s ize  as the tvJo instruments described above 

p u t  together has abou t  three orders of magnitude less t h r o u g h p u t .  

The f i r s t  of these 

For an imaging telescope with a small f ie ld  

For example, a n  imaging instrument 
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The second v i  t a l  consideration i s  a low-background detector. The 

Bragg spectrometers whose responses are shown i n  Figures 5-8 have about 

aslarge a convergence angle a t  the detector and as high an optical 

efficiency as i s  practical t o  design into an instrument, particularly 

a general-purpose imager, and so we expect that  these simulations repre- 

sent an upper l imit  t o  the surface brightness of the spectrum a t  the 

detector. 

background limited a t  an assumed background rate  o f  6 x 

cm -* s-l keV" between 70 eV and 1000 eV. 

Even so, i t  can be seen that they are very nearly cosrnic-ray 

counts 

During a sounding-rocket 

f l i gh t ,  position-sensitive proportional counters showed a cosmic-ray back- 

ground rate (door-closed o r  earth-looking) wh!ch was actually abou t  one- 

third of t h i s ,  b u t  w i t h  the spectrometer field-of-view exposed to  the sky 

an additional backgrciund due to  electrons scattering off the crystal panel 

and penetrating the counter windows was observed. 

adequately w i t h  magnetic f ie ld  screens,but there i s  also another sky- 

This can be reduced 

related background which may be due to  a sof ter  a n d  mu-h more intense 

component of the electron flux producing fluorescence and bremmsstrahl ung 

X-rays as they s t r ike  the crystal panel. 

This i s  b rough t  up to  emphasize the care t h a t  must be taken t o  mini- 

mize - a l l  extraneous sources o f  background a t  the detector, whether from 

cosmic rays,  scattered electrons, or s t ray ultraviolet ,  i f  there i s  any 

intention o f  making  these interesting and  potentially important measure- 

ments. 
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TABLE 1 . GEOMETRICAL CHARACTERISTICS 

x = d is tance from center o f  curvature,  0. 

I f :  I, = source br ightness i n  photons an" s - l  sterad-' 

and: (A*n), = spectrometer throughput i n  an2 s terad  

Then count ing r a t e  = I, (A*a),. 

(A*r;)x = aR RI(Xjhg A$ s i n  OR().) cx. 

Where: II = l eng th  of  detector  and c r y s t a l  

R = c r y s t a l  rad ius o f  curvature 

RI ( A )  = in tegra ted  r e f l e c t i v i t y  o f  c r y s t a l  

A Q  = c o l l i m a t i o n  HWB i n  d ispers ion  d i r e c t i o n  

A$ = c o l l i m a t i o n  HWB i n  cross d i r e c t i o n  

o(x) = Bragg angle 

E = detector  e f f i c i ency  

Contr ibut ions t o  l i m i t e d  reso lv ing  power: 

x 

A)  Co l l imat ion  i n  d ispers ion d i r e c t i o n :  

2 -- x % -2 tan  0 
A X  2 A Q  

6 )  Col l imat ion  i n  cross-dispersion d i r e c t i o n :  

C )  Pos i t i on  r e s o l u t i o n  of detector :  

-.- A = s i n  a tan  e R- 
A x  A X  

0 )  F i n i t e  width o f  c r y s t a l  Rocking c w v e :  

A = tan  Q 1 
A A  A0 
- - 
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F I  GURE CAPT IONS 

F! gure 1 : The Bragg r e f l e c t o r  i s  on the inner  surface o f  t he  

c i r c u l a r  c y l i n d e r  o f  rad ius R. 

p o r t i o n  o f  t h e  x-ax is  below the  r e f l e c t o r .  

The detector  occupies a 

Figure 2: Cross sec t i on  o f  an instrument t o  cover the energy 

range 148-195 eV, showing sample ray  t rac ings.  

Figure 3: Area-Sol id Angle product vs. photon energy f o r  a 

PbSt spectrometer w i th  a 23 cm x 53 cm propor t ional  counter 

detector  and 20" x 20" co l l ima t ion .  

Figure 4: Predic ted and actual  responses o f  a PbSt spectrometer 

wi th  20" x Z O O  c o l l i m a t i o n  t o  uni form d i f f u s e  i l l u m i n a t i o n  

o f  the f i e l d  o f  view w i t h  boron and carbon K-alpha r a d i a t i o n .  

The dashed curve shows the predic ted response t o  a monochromatic 

l i n e  o f  the  same nominal wavelengtb. 

Figure Sa: Predic ted response o f  a PbSt spectrometer w i t h  10" x 10" 

c o l l i m a t i o n  t o  a twc-temperature equ i l i b r i um plasma model f i t  

t o  observed broad-band count ing ra tes  a t  a t y p i c a l  reg ion  i n  

the southern Ga lac t i c  hemisphere. 

shown before fo ld ing  through the spectrometer response. 

r lght -hand scale cji;'es the i nd i v idua l  l i n e  i n t e n s i t i e s ,  the  

l e f t -hand  scale g iver  s p c t r u m  surface b r a  'Itness on the de tec tor .  

The b r igh te r  l i n e s  a l s o  are  

The 
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FIGURE CAPTIONS, c o n t .  

b: Tne above spectrum i n t e g r a t e d  i n t o  b i n s  over an 

assumd 5000-second observat ion,  w i th  t h e  counts i n  each 

b i n  subsequent ly m o d i f i e d  by a P o i s s o n - d i s t r i b u t e d  Monte- 

Cat l o  procedure. 

F igure .pa: The spectrum o f  f i g u r e  5 f o l d e d  through a TAP spectrom- 

e t ? r  w i t h  15" x 15" c o l l ' m a t i o n  which covers the  515 - 1030 eV 

ratige. 

b:  The above spectrum i n t e g r a t e d  for 5000 seconds, binned 

and randomi red .  

F igure 7a: PbSt spectrum o f  th,.ec-tlainpct-atcrre ' i t  t o  a p a r t  o f  the  

Ngrth Po lar  Spur. 

b: TAP response t o  above spectrum. 

Figure 8a: S i n g l e  tcmperatsre p l u s  power l a w  f i t  suggzstpd by 

Nagoya Univ.  group f o r  data from North Polar  SFur. PbSt 

spec t r m e  t e r  . 

b :  As abave, b u t  TAP spectrnmeter response. 
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