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Introduct ion 

This is our semi-annual progress  repor t  for NASA gran t  NAC5-629 "Cosmic 

X-ray physics''. 

I. Soft X-rays and I n t e r s t e l l a r  Medium 

The primary area of our research 1s t h e  s t u d y  of the s o f t  X-ray d i f f u s e  

background and the n a t u r e  of its o r i g i n  i n  t he  i n t e r s t e l l a r  medium. It 

appears  f a i r l y  c e r t a i n  that much of t h e  volume of space wi th in  -100 pc of 

the Sun con ta ins  gas  a t  temperatures near one m i l l i o n  degrees. It is not  

ye t  known whether such r eg ions  are r a r e  and t h e  Sun i n  one by un l ike ly  

acc iden t ,  or whether large f r a c t i o n  of t he  galactic d i s k  con ta ins  such 

material, with the well-known cool component of i n t e r s t e l l a r  gas confined 

mostly t o  sheets and bubble walls separa t ing  t h e  hot reg ions .  

We are c u r r e n t l y  combining our soft X-ray s k y  survey data with r e s u l t s  

from our UXT sounding rocket payload that  can make measurements near 

0.1 keV, where t h e  i n t e r s t e l l a r  mean free path is a factor of seven or so 

shorter than  for t h e  lowest energy band of the sky survey. With t h i s  long 

' l eve r ' ,  very  s t r o n g  c o n s t r a i n t s  can be placed on models of the  o r i g i n  of 

the so f t  d i f f u s e  background. I n  gene ra l ,  a d d i t i o n a l  observa t iona l  

c o n s t r a i n t s  force more complicated and 'realistic' models. Rather 

s u r p r i s i n g l y ,  i n  t h i s  case there is still a very s imple model that  appears  

c o n s i s t e n t  with a l l  observa t ions .  This s imples t  possible p i c t u r e  is tha t  

e s s e n t i a l l y  a l l  of the observed 0.1-0.3 keV X-rays (Be, B, and C band) are 

Produced by hot gas  i n  a c a v i t y  surrounding the  Sun. Var ia t ions  i n  X-ray 

i n t e n s i t y  i n  d i f f e r e n t  d i r e c t i o n s  are produced by v a r i a t i o n s  i n  t h e  e x t e n t  
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of the c a v i t y .  By assuming a uniform volume e m i s s i v i t y ,  one can then  map 

out t h e  three-dimensional s t r u c t u r e  of the hot gas. Small temperature  

v a r i a t i o n s  i n  d i f f e r e n t  d i r e c t i o n s  a re  r equ i r ed  t o  provide t h e  observed 

v a r i a t i o n s  i n  C/B ra t io  or 'colort;  according t o  c u r r e n t  models of 

equi l ibr ium X-ray emisssion,  these temperature v a r i a t i o n s  are e n t i r e l y  

c o n s i s t e n t  wi th  the  constancy of  the Be/B r a t i o  observed on f l i g h t s  of our  

new payload. (Steve Snowden and Don Cox have developed the  de ta i l s  of t h i s  

model and presented it a t  the  COSPAR X X V I  conference i n  Toulouse. They are 

now completing a more detailed paper for  the Astrophysical  Journa l . )  

Two l e s s - than - sa t i s f ac to ry  aspec ts  of t h i s  model are the  observed 

constancy of the soft X-ray f l u x  i n  a l l  d i r e c t i o n s  i n  t he  galactic p lane ,  

which r e q u i r e s  t h e  Sun t o  be rather well-centered, and t h e  e x i s t e n c e  of a t  

least one c l o u d l e t  of cooler  gas ( i n  which the  Sun happens t o  be embedded) 

w i t h i n  the  volume of X-ray emi t t i ng  material. Mike Juda is j u s t  completing 

h i s  thesis on an i n v e s t i g a t i o n  of the latter problem, p l ac ing  l i m i t s  on the  

number and s ize  of such c l o u d l e t s  within t h e  c a v i t y  t h a t  can be c o n s i s t e n t  

w i th  both so f t  X-ray observa t ions  and the r e s u l t s  of the  21 cm measurements 

w e  have been making. 

Another i n t e r e s t i n g  aspect of the Be band observa t ions  is t h a t  

accord ing  t o  Raymond's emission models, most of the observed X-rays are 

produced i n  a small number of l i n e  complexes, and t h e  r e l a t i v e  i n t e n s i t 4 e s  

Of these are very s e n s i t i v e  t o  t h e  detai ls  of the  physics  of the  hot gas. 

This provides  a unique oppor tuni ty  t o  do some detailed 'spectroscopic' work 

w i t h  p ropor t iona l  counter  r e so lu t ion .  Jeff Bloch (see below) is pursuing 

t h i s  as part of h i s  thes i s ,  us ing  a detailed model of the  p ropor t iona l  

counter  ope ra t ion  we have developed (now described i n  a paper submit ted t o  
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Nuclear Instruments  and Methods) t o  extract as much information as possible 

from the  shape of the  pulse  he ight  spectrum. 

We would n a t u r a l l y  l i k e  to  extend the rather small amount of Be band 

data we have t o  confirm the above results and search f o r  dev ia t ions  from t h e  

simple s ingle-source model. We had planned a sounding rocket f l i g h t  for 

t h i s  f a l l ,  b u t  it is now unce r t a in  whether or not  t h i s  can be supported due 

t o  NASA commitments t o  the supernova expedi t ions .  If t h i s  f l i g h t  must be 

delayed, we can u s e f u l l y  concen t r a t e  our e f f o r t s  on developing our next  new 

sounding rocke t  payload, d i scussed  below under I V .  

11. UXT Data Analysis 

Since t h e  last  report ,  we have made s i g n i f i c a n t  progress e x t r a c t i n g  

more detailed s p e c t r a l  information from the  UXT data set .  In  May, we 

completed work on a second genera t ion  propor t iona l  counter  response model 

which has greatly improved the  confidence w i t h  which we can i n f e r  t h e  

spectral properties of the sof t  X-ray emission from t h e  local c a v i t y  between 

70 and 111 eV. Equilibrium plasma emission models predict t h a t  t he  majority 

of low energy x-rays seen by the  UXT Be Band detectors should come from two 

l i n e  complexes, one a t  95 eV and another a t  70 eV. These l i n e s  are emi t t ed  

by h ighly  Ionized states of i r o n  i n  the plasma. Prel iminary a n a l y s i s  us ing  

the improved UXT detector model shows t h a t  t he  equi l ibr ium emission models 

are i n c o n s i s t e n t  with the observed pulse  height d i s t r i b u t i o n ,  and t h a t  

ei ther 1 )  most of the emission comes from the 95 eV complex or 2) that  the 

95 eV l i n e  complex is g r e a t l y  reduced and t ha t  the  75 eV complex is p r e s e n t ,  

a long  with another  l i n e  a t  105 eV. We are pursuing these r e s u l t s  f u r t h e r  t o  

determine the spat ia l  dependency of these f i n d i n g s ,  and how models wi th  
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non-equilibrium cond i t ions  and/or non-standard abundance3 f i t  i n  wi th  these 

c o n s t r a i n t s .  We w i l l  s h o r t l y  apply similar methodology t o  t h e  UXT B band 

de tec to r  w i t h  the hope tha t  we w i l l  f ind  similar r e s u l t s .  

By combining the  UXT B band and Be band d e t e c t o r  spectral model f i ts  we 

may be able t o  place much better c o n s t r a i n t s  on d i f f u s e  plasma s o f t  X-ray 

emission models than  were poss ib l e  before. 

The UXT payload inc ludes  3 counters  wi th  bery l l ium,  boron and aluminum 

oxide windows. Our use fu l  r e s u l t s  to  da te  have come only  from the beryl l ium 

(Be) and boron (B) filtered counters .  The aluminum oxide counter ,  probably 

because of its very t h i n  Window, has had low energy e l e c t r o n  contamination 

i n  both f l i g h t s  and we have been unable t o  dev i se  a rellable procedure for 

s u b t r a c t i o n  of t h i s  background. A t  t he  moment we are undecided as t o  

whether t o  cont inue  with fur ther  attempts t o  get data i n  t h e  unexplored 

oxygen (0) band reg ion  that  the  aluminum oxide windows could provide.  

111. Sounding Rocket Calorimeter Payload 

The new sounding rocket payload referred t o  above (under I) w i l l  be 

cen te red  about  the high r e s o l u t i o n  calorimeter being developed here and a t  

Coddard. On the  first f l i gh t  we w i l l  incorpora te  only  a simple mechanical 

collimator t o  s tudy  t h e  d i f f u s e  background. On subsequent f l i g h t s ,  we hope 

t o  put  t he  same detector system at  the focus  of a light-weight con ica l  f o i l  

mirror and use  it t o  map supernova remnants such as  the Cygnus Loop a t  high 

spectral r e s o l u t i o n .  This would permit a c c u r a t e  tests of t h e  detailed 

theoretical work tha t  has been done r e c e n t l y  on t h e  evo lu t ion  of t h e  Cygnus 

Loop. This payload is being developed i n  conjunct ion wi th  t h e  X-ray group 

a t  Coddard Space F l i g h t  Center.  
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We have r e c e n t l y  completed a l abora to ry  test vers ion  of a f l y a b l e  

cryogenic system. The laboratory vers ion  weighs about 100 lbs . ,  reached a 

minimum temperature of 32 m i l l i k e l v i n s ,  and can hold t h e  des ign  o p e r a t i n g  

temperature of 100 m i l l i k e l v i n s  f o r  more than  twelve hours. We should be 

able t o  scale t h i s  sys t em down i n  s i z e  by a factor of s e v e r a l ,  and are 

c u r r e n t l y  working on the  mechanical design. 

I V .  Theore t i ca l  S tud ie s  

This period saw the submission of a major c o l l a b o r a t i v e  paper on 

comparison between theo ry  and observa t ions  of a Cygnus Loop f i l a m e n t ,  as 

well as that  of an Annual Reviews a r t i c l e  by Cox and Reynolds on the Local 

I n t e r s t e l l a r  Medium. 

The Cygnus Loop r e s u l t s  suggested t h a t  cosmic r a y s  could c o n t r i b u t e  

apprec iab ly  t o  t h e  post shock pressure, encouraging Cox t o  indulge  h i s  

i n t e r e s t  i n  cosmic r a y  a c c e l e r a t i o n  by shocks. A paper is i n  p repa ra t ion  by 

Ahmed Boulares (one of Cox's s t u d e n t s )  on t h i s  topic ,  as applied t o  the 

Cygnus Loop. Cox's other s t u d e n t  funded on t h i s  g r a n t ,  Jon S lav in ,  has 

continued t o  work on the emission expected from t h e  conductive s u r f a c e  l a y e r  

which may be p resen t  on some surfaces of i n t e r s t e l l a r  clouds. The 

equ i l ib r ium i o n i z a t i o n  assumption used i n i t a l l y  l e d  t o  surface emission 

s u f f i c i e n t  t o  gene ra t e  n o t i c e a b l e  i o n i z a t i o n  i n  the Local Cloud, i f  its 

surface is s u i t a b l y  conductive. 

For the Pent ic ton  meeting (IAU colloquium 101 1, Cox gave the  overview 

of the i n t e r s t e l l a r  medium paper opening the meeting. He argued v igorous ly  

t h a t  t h e  assumption of a widespread coronal component is based on spec ious  

evidence, t h a t  d i f f u s e  H I  could well be t he  major c o n s t i t u e n t  of the 
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intercloud medium, and that the strong role of magnetic pressure In the ISM 

has been widely under appreciated. In short, he proposed a substantial 

revision of our understanding of the interstellar environment, based on both 

observational and theoretical developments. 
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