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Abstract 

The p o s i t i o n s  and s p e c t r a  of fou r  high energy 

‘16 x-ray sources  near  t h e  galactic c e n t e r  (-30°<R < 2 0 ° ) ,  

are der ived  from ba l loon  observa t ions  made i n  October 

1967 i n  t h e  energy range above 20 keV. 
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W e  made x-ray observa t ions  i n  an eight-hour bal loon 

f l i g h t  launched f r o m  Mildura,  A u s t r a l i a  on October 15, 

1967 i n  which w e  surveyed t h e  x-ray emission above 20 keV 

from t h e  reg ion  of t h e  sky from d e c l i n a t i o n s  -70° t o  - s o  and 

f r o m  r i g h t  ascens ions  150° t o  280°  (angular  r e s o l u t i o n  

13O FWHM). I n  a previous pub l i ca t ion '  w e  noted t h a t  t h e  
' 

' d a t a  showed s e v e r a l  sources  i n  a reg ion  near  t h e  g a l a c t i c  

cen te r .  W e  have now completed a more d e t a i l e d  a n a l y s i s  

of t h e  d a t a  frorti t h i s  reg ion  and f i n d  t h a t  w e  can account 

f o r  t h e  bulk of the  hard x-rays w e  observed i n  t e r m s  of 

four  sources  whose p o s i t i o n s  and s p e c t r a  w e  r e p o r t  here .  

W e  adopt as our  s o l u t i o n  t o  t h e  problem of decon- 

volving t h e  source  d i s t r i b u t i o n  and t h e  d e t e c t o r  response 

fnnc t ion  t h e  smallest set of hypothe t ica l  d i s c r e t e  sources  

t h a t  account f o r  most of t h e  x-ray counts i n  excess  of 

t h e  background, and p r e d i c t  t h e  observed d a t a  wi th  maximum 
- 

l i ke l ihood .  

T e s t s  on s imulated d a t a  showed t h a t  t h e  method recovers  

t h e  assumed source p o s i t i o n s  t o  an accuracy of ~2' (RMS) and '  

t h e i r  i n t e n s i t i e s  t o  an accuracy of 220% (RMS) provided no 

t w o  sources  are sepa ra t ed  by less than f i v e  degrees  if 

t h e i r  i n t e n s i t i e s  are equal ,  and by less than  e i g h t  degrees 

i f  t h e i r  i n t e n s i t i e s  d i f f e r  by a f a c t o r  of four .  Since 

rocke t  surveys have shown t h e  presence of t e n  o r  more d i s -  

crete sources  along t h e  g a l a c t i c  equator  i n  t h e  g a l a c t i c  
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% longi tude  range -20°<R <+20°, it is probable  t h a t  t h e  posi-  

t i o n s  and i n t e n s i t i e s  of some of t h e  hypo the t i ca l  sources  

w e  f i n d  correspond t o  t h e  mean p o s i t i o n s  and composite 

i n t e n s i t i e s  of unresolved sources .  

W e  analyzed t h e  d a t a  from our energy channels 1 and 2 

(20-30 k e V ,  30-40 keV) s e p a r a t e l y  with t h e  r e s u l t s  summarized 

i n  Table I. W e  observe t h a t  t h e  p o s i t i o n s  f o r  sources  M1, 

M2 and M3 der ived  s e p a r a t e l y  f o r  t h e  t w o  s t a t i s t i c a l l y  inde- 

pendent channels  agree wi th  one another.  However, when a 

f o u r t h  source w a s  added t o  t h e  a n a l y s i s  of t h e  channel 2 d a t a  

t h e  s o l u t i o n  d i d  n o t  converge s a t i s f a c t o r i l y  so t h a t  t h e  

a n a l y s i s  of channel 2 d a t a  w a s  stopped there. 

Figure 1 is  a map i n  g a l a c t i c  coord ina tes  showing t h e  

source p o s i t i o n s  toge the r  wi th  t h e  p o s i t i o n s  w e  p rev ious ly  

repor ted  f o r  Cen XR-2 and a source i n  N o r r n a l r ’ .  

of our  p o s i t i o n s  i s  an e r r o r  circle wi th  3 degree r ad ius  

Around each 
- 

r ep resen t ing  our  e s t ima te  of t h e  l a  p o s i t i o n  unce r t a in ty  re- 

s u l t i n g  f r o m  a combination of t h e  s t a t i s t i c a l  f l u c t u a t i o n s  

as ind ica t ed  i n  i h e  tests on simulated d a t a ,  and p o s s i b l e  

sys temat ic  e r r o r s  a r i s i n g  from inaccurac ies  i n  c a l i b r a t i o n  

and alignment of t h e  appara tus ,  Also shown are some of t h e  

d a t a  r epor t ed  by var ious  groups from rocke t  surveys using 

narrow s la t  c o ~ i m a t o r s ~ r ~ t ~ ,  

T o  f i n d  t h e  s p e c t r a  of t h e  four  sources  w e  f i x e d  t h e i r  

l o c a t i o n s  a t  t h e  p o s i t i o n s  der ived  from t h e  20-30 keV d a t a ,  

and then found the  maximum l ike l ihood  va lues  of t h e i r  i n t e n s i t i e s ,  



-4- 

i n  each of  t h e  energy channels.  The r e s u l t s ,  ad jus t ed  f o r  

t h e  d e t e c t o r  response and co r rec t ed  t o  t h e  t o p  of t h e  atmos- 

phere,  are shown i n  Figure 2. The c o r r e c t i o n s  have been 

made as o u t l i n e d  i n  d e t a i l  i n  an earlier p a p e r 6 . .  

A p o s s i b l e  cause of sys temat ic  e r r o r  i n  t h e  s p e c t r a  

(and t h e  number of pu l se s  unaccounted f o r )  would be a vari- 

a t i o n  i n  t h e  background ra te  as t h e  instrument  rotates i n  

azimuth. A c a r e f u l  examination of t h e  d a t a  shows t h a t  t h i s  

effect, i f  it e x i s t s  a t  a l l ,  would no t  change t h e  va lues  

quoted by m o r e  than  6% i n  t h e  case of source M 1 ,  and 1 2 %  

i n  t h e  cases of sources  M 2 ,  M 3  and M4. 

M 2  lies close t o  t h e  s t rong  source designated A r a  XR-1 

i n  t h e  low r e s o l u t i o n  ( 8 O  FWHM) NRL 1 9 6 5  rocke t  survey' and 

t h e  "hard" source labeled # 3  in  the  h igher  r e s o l u t i o n  ( - 2 O  

FWHM) Lockheed survey' .  The i n t e n s i t y  i n  t h e  1-10 keV range5 ,  

and our  d a t a  a t  h igher  ene rg ie s  are f i t t e d  by an exponent ia l  

l a w  of t he  form exp(-E/kT) wi th  kT=16+4 k e V ,  as shown i n  

F igure  2.  

The s i t u a t i o n  around t h e  sources  M 1 ,  M 3  and M 4  is  evi-  

d e n t l y  more complicated.  The p o s i t i o n  w e  f i n d  f o r  t h e  

b r i g h t e s t  and h a r d e s t  of these three sources ,  namely M 1 ,  l ies 

i n  a r eg ion  i n  which no source  w a s  apparent ly  d e t e c t e d  i n  t h e  

r o c k e t  survey by Bradt  e t  a l a 4 .  Moreover, w e  are unable t o  

r e c o n c i l e  t h e  p o s i t i o n  wi th  t h a t  of G X 3 + 1  and t h e r e f o r e  d i s -  

agree wi th  t h e  conclusion by B u s e l l i  e t  a1.8 t h a t  the  domi- 

n a n t  c o n t r i b u t i o n  t o  t h e  hard  x-ray emission near  t h e  galac-  

t i c  c e n t e r  is made by GX3+1. A t  t h e  same t i m e  t h e  g a l a c t i c  
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longi tude  of Ml coinc ides  wi th  t h a t  of GX-2.53 and wi th  

t h a t  of source  # 1 3  i n  t h e  survey of F i she r  e t  a1.5. 

la t ter  w a s  c h a r a c t e r i z e d  Zzs having a "hard" spectrum, and 

t h i s  f a c t  suppor ts  i t s  i d e n t i f i c a t i o n  with M1,  C lea r ly  

new measurements are necessary t o  solve t h e  apparent  d i s -  

crepancies .  The shape of t h e  energy spectrum f o r  M 1  can 

The 

be  cha rac t e r i zed  by an exponent ia l  l a w  of t h e  form exp(-E/kT) 
+6 

with kT=19-3 keV, o r  equal ly  w e l l  by a power l a w  of t h e  

form E-a wi th  va lues  f o r  t h e  energy spectrum index a of 2k0.5 

(see f i g u r e  2 ) .  The s p e c t r a l  r e s u l t s  f o r  M 1  wi th  r e s p e c t  

t o  both i n f e n s i t y  and shape are i n  agreement with those  

repor ted  by B u s e l l i  e t  a1.8 f o r  G X 3 + 1  and by Haymes e t  a1 . l '  

W e  t h e r e f o r e  b e l i e v e  t h a t  t h e  high energy x-rays as de tec ted  

by them are p r i m a r i l y  due t o  t h e  source t h a t  w e  i d e n t i f y  a s  

M1. Values f o r  a r epor t ed  by them are 1 . 0 k 0 . 2  and 1 . 2 k 0 . 4 .  

The l o w  va lue  of 1 . 0 k 0 . 2  as repor ted  by B u s e l l i  e t  a l ,  w a s  

der ived  from combining t h e i r  bal loon r e s u l t s  wi th  e a r l i e r  

rocke t  r e s u l t s 3 r 4  on G X 3 + 1 .  I f  only t h e  bal loon r e s u l t s  

are taken i n t o  account,  w e  d e r i v e  a va lue  f o r  a from B u s e l l i ' s  

d a t a  of -1.5k0.3 which i s  c o n s i s t e n t  w i th  our  r e s u l t  on M 1 .  

The remaining t w o  hypo the t i ca l  sources  M 3  and M4 

probably each r e p r e s e n t  a composite of s e v e r a l  weak sources.  

The spectrum of M 3  can be cha rac t e r i zed  by kT=9+4 keV and 

t h a t  of M4 by kT=12k7 keV. W e  no te  t h a t  t h e  s p e c t r a l  d a t a  

and source p o s i t i o n  f o r  M 4  a r e  c o n s i s t e n t  with those repor ted  

by B u s e l l i  e t  a1.8 f o r  t h e  source they i d e n t i f y  a s  G X 3 5 4 - 5 .  
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Figure  Captions 

Figure 1. Galactic map of x-ray source l o c a t i o n s  near  

t h e  g a l a c t i c  c e n t e r  region.  T h e  s m a l l  open circles 

are t h e  p o s i t i o n s  of t h e  sources  loca t ed  by Bradt e t  

a l .  as t h e  i n t e r s e c t i o n s  of t w o  sets of p o s i t i o n  

l i n e s  der ived  from a rocket survey i n  J u l y  1 9 6 7 ,  and 

another set of p o s i t i o n  l i n e s  obtained i n  a survey 

by Gursky e t  a l .  The r ec t angu la r  boxes i n d i c a t e  t h e  

p o s i t i o n s  of hard x-ray sources  observed by B u s e l l i  

e t  a l .  i n  February 1968. The r ec t angu la r  error box 

around GX3+1 i s  our  estimate of t h e i r  unce r t a in ty ,  

t h i s  error is  n o t  quoted by them. The f i e l d  of view 

of our  own observa t ions  and t h a t  of t y p i c a l  rocke t  

observa t ions  are shown i n  t h e  f igu re .  

.. 

Figure 2. Spec t r a  of four  sources  which account for the  

hard x-rays observed by us from t h e  g a l a c t i c  c e n t e r  

region.  Rocket d a t a  i n  t h e  1-10 keV range are shown 

f o r  M 2  on ly  under t h e  assumption t h a t  t h i s  source is  
_r 

t h e  same as source  # 3  observed by F i she r  e t  a l .  For 

convenience only w e  have ind ica t ed  l i n e s  r ep resen t ing  

energy s p e c t r a  wi th  values  f o r  kT of  1 6  keV, 1 9  keV, 

and a=2. 
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