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ABSTRACT 

Repeated scans of t h e  g a l a c t i c  c e n t e r  reg ion  from 1978  

September 2 0  t o  25  with the high energy X-ray d e t e c t o r  on 050-8 

have loca t ed  o s t r o n g  source  of h igh  energy X-rays i n  t h e  

g a l a c t i c  c e n t e r  reg ion  i n  a d d i t i o n  t o  G X 1 + 4 .  The 95% conf idence 

contour  for  t h i s  source  i nc ludes  t h e  galac6j.c c e n t e r  bu t  no t  

GX3+1. A power-law, photon-number spectrum with  an index of  

-2.310.3 givae an accep tab le  r e p r e s e n t a t i o n  of t h e  observec' 

count ing r a t e  spectrum i n  thc energy range from 21 t o  197 keV. 

T l r  i n t e g r a t e d  1 8 - 4 0  keV f l u x  observed from t h i s  source  o r  group 

of unresolvzd sources i s  a factor of 2 2  s t r o n g e r  than  t h e  upper 

l i l t l i t  set by Lewin et al. (1971) f o r  t h e  f l u x  from t h i s  reg ion  - 
in October 29-10. Ik i s  c o n s i s t e n t  however, wi th  t h e  15-40  keV 

flux d e t e c t e d  with the p r o p o r t i o n a l  counte r  on OSII-7 dur ing  1 9 7 1  

to 1 9 7 4 .  

n igh  cnmrgy X-rays with a sozter spcctrum were observed from the 

dlrclction of L;X1+4 over  t h e  same t i m e  i n t e r v a l .  The ohserved 

zount ing- ra tc  spcctrunl of GXi.4-4 i n  t h e  energy range fro~ll  2 1  t o  

19'7 keV i s  eoaep t .~b ly  represen ted  by that der ived  f r o m  an i n c i d e n t  

 hoto on-nuulbnr spectr~iik ahich i s  e i t h e r  a power-law with a s p e c t r a l  

index of -4.110.5 or a thermal-bremsstrahlung func t ion  with  

kTz19h4 k e y .  



1. INTRODUCTION 

X-ray observat ions of t h e  g a l a c t i c  cen te r  region i n  the 

energy range from 2 t o  10 keV hove rcvealeZ a confused array of 

sourccs of many different :  types.  I<ollogg e t  al. (1971) discovered - 
ah cstcndcd source o r  a g roup  of unresolved poin t  sources wikhin 

roughly 2' o f  t he  g a l a c t i c  centor  (401743-29 , commonly r e f e r r e d  

to a s  Cruddacc et ol. (1978) end Proctor c t  a l .  (1978) were - - 
a b l e  to rcsolvo  a t  l e a s t  four  and possibly seven d i s c r e t e  sources 

i n  t h i s  extended region. Two o f  these  sources a r e  believed t o  be 

i d e n t i f i e d  w i t h  the  t r a n s i e n t s  discovered with A r i d  5 (Eylos et a1. 
___I_ 

1975, A r i e l  5 Group 1976). Kc31agg e t  al. (2971) had o a r l i e r  - 
detected a t h i r d  t r a n s i e n t ,  4Ul.735-28, abouk 1?5 Fxom the 

1 

g a l a c t i c  c e n t e r .  Throe of t h e  rcsolved sources may be the steacly 

components of t h e  burst sourccs c l i scov~red  i n  t h i s  region by 

~ e w i n  -- c t  a l .  (1976). Three weak b u r s t s  were detected rroln o t h e r  

loca t ions  during t h e  346-s rocket  f l i g h t  of Proctor  e t  a l .  ( 1 9 7 8 )  

suggesting a h i g h  dens i ty  of such  b u r s t  sources n e a r  the g a l a c t i c  

can te r .  No X-ray enlission was de tec ted  from t h e  compact, non- 

thermal r a d i o  source i n  Sgr A Nest discovered by Dalick and Brown 

(1974 ) . A region of d i f f u s e  emission has been detec ted  by t h e  

Imaging Proport ional  Counter on the    in stein Observatory i n  

add i t ion  t o  t h e  poin t - l ike  sources ( ~ p s t e i n  e t  a l .  1979). 
+ 

- 
 his d i f f u s e  emission is centered on the g a l a c t i c  nucleus and 

C 
i extends % 1 / 2 O  along t h e  g a l a c t i c  plane. 

A t  higher X-ray energies ,  above 20  keV, our knowledge of 

the emission from t h e  g a l a c t i c  center  region is  much less ref ined .  

f 
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The e a r l y  ba l loon  obse rva t ions  showed a s t r o n g  f l u x  of X-rays 

wi th  e n e r g i e s  g r e a t e r  than 20 koV from a region wi th in  5 t o  LO 

degrees  of t h e  g a l a c t i c  c e n t e r  ( B u s e l l i  ct al. 1968;  Lewin eC a l ,  - *__I_ 

1968;  Re ig le r  et al. 1968 ;  I{ayn\cs e t  al. 1969; and Guo an3  
1__3 - 

Webbcr 1973, 1975) , The photon-number spectrum of t h e  X-rays 

es tends  t o  a n c r g i c s  i n  exccss  of 1 MeV and is well reprcscntcd 

by a power-law somawhak s t e e p e r  khan E "2'0  layin in as e t  al. 1975) .  

A 1 1  of thcsc obse rva t ions  were made us ing  d c t c c t o r s  with 

wide f i e l d s  of view, t y p i c a l l y  l a rge r  than  8-2.0' FtfHW. 

Consequently, i d e n t i f i c a t i o n  af i n d i v i d u a l  sources  in this region 

was d i f f i c u l t  and t he  obse rva t ions  were s u b j e c t  to d i f f e r i n g  

i n t e r p r e t a t i o n s .  Buselli e t  a l .  (19G8) suggested t h a t  C;!;3+1 

was the source  of t h e  hard X-ray f l u x  vbserved us ing  a d e t e c t o r  

with an t I 0 - l ? V 7 ~ ~  f i e l d  of view. Lewin e t  a l .  (1971) ,  us ing  a 

de t ec t ax  wi th  n 1.5  x 13" PWBM f i c l d  of  view, were a b l e  t o  

r e s o l v e  t h r c c  s e p a r a t e  sources  of h igh sncrgy X-rays i n  thc 

g a l a c t i c  c e n t c r  region and des igna ted  the dominant source  as 

G X 1 + 4 .  The r e s u l t s  of B u s c l l i  a t  a l .  (19 t i8 )  w c ; r c  al.so cons i skan t  
111_ 

with t h i s  cunclusi,on. Johnson and fInymtls ( J 9 7 3 )  showed, by 

observing du r ing  s l u n a r  s ceu l tnk ion  in 1371 Wovenlber, t h a t  

Gx3-1-1 w a s  n o t r  a-t t h a t  t ime ,  the m a j o r  ' con t r ihu tox  tso the X-ray 

f l u x  above 40  keV from t h e  g a l a c t i c  c e n t e r  reg ion .  . 



'rbt. cslstcnsc imrt  idcntificotion o f  orlc o r  Illorc. h i g h  

t * n ~ ~ r g y  X-ray s o u r c e s  c lose r  t o  t h e  g a l n c t l c  c c n t e y  t h a n  GSl+4 

Iltrs bcsn i n  donl)t s i n c o  t h e  o b s e r v o t  ion  by Lcwln -- c t  n l .  (1971) 

o f  a source i n  a 11' x 13'' bond i n  thc sky c o n t a i n i n g  GX3+1, 

R l c k c r  &- o t  - n l .  ( b 9 P 3 )  n o t c  %ha; c o n f u s i o n  o l  t h i s  s o u r c e  w i t h  

(;XI +.I. arid l a c k  o f  klocligro~~ntl d a t a  make t h c  spec t rum obtn incd 

for thi:; source t P n t : l t i v p ,  No f l u x  frnni GX3.t.1 w:is dctectc3ri 

t i t lr lng :I 1 9 - 2  2r;ri llittn f 1 ig l l t  o f  ;i simi l:lr i n s t r u ~ ~ l c n l  ( 1 2 i c i i r ~ r  

t a t  . '11, .--. IR ' t j ' )  hut the  2 . y  qipr ' r  l i m i t  w;is i1l)ovc tEtc pr~ 'v lc) i~? ; ly  

; ~ ~ l r t ~ r d ~ : ~ I  f l u s ,  t : i l rpcf i te~  t?t .- -- i l l ,  [JSTSI clctc:etcd n stl 'oi lg f111x 

of' I I I ~ ' , ! ~  t,ric;*gy X-~' ;L) 'S  du1'1.1~g t h e i r  0 b ~ d l ' ~ i l t . i 0 ~ 1 ~  o f  t h e  ga 1 : ~ c t . i ~  

c c n t c r  r i?g .~on i n  1 9 7 5  Februa ry  w i t h  tho  8°-P1"J1EL1 d c t c c t a r  nn Az ' i c l -5 .  

i'I1~lr bes t  c : ; t imut~>s  lo r  thL. s o u r c c s  o f  t h i s  X-ray f l u x  :rssj.pacd 

60;) t a  ,I source a t  t h c  g a l a c t i c  c e n t e r  (GCX) and 40: t o  CX3+1. 
1 Rci1I.l (1 979') ancl llenriis 1 . t  nl. C1978a') p r e s e n t e d  c v i d c n c c  f o r  n - *% -- 1 

d y  Ti11x from (:CX u s i n g  da t a  o b t a i n e d  ~ i ~ t l l  the  liigll cnc rgy  4 
1 

X -  yay spectrol1it:ter 011 0SI)- 8 d u r i n g  ob: ;ervat ions i r x  Septcmhcr o f  t he  I 
1' 

y e w s  1 9 7 5  and 1976,  Thc photon-numbcr spcctruni  o f  t h c  s o u r c e  a t  1 

i 
t h e  g n l a c t l c  c e n t e r  i s  wel l  r c p r c s e n t e d  by a  power i m i  w i t h  a  s p e c t r a l  1 

I 

i n d c x  o f  - 3 . 5  i n  1975 and - 1 . 9  i n  1976.  Johnson -- e t  - a l .  (1979) 

a l s o  have d e t e c t e d  a  h a r d  X-ray s o u r c e  c l o s e  t o  t h e  g a l a c t i c  

centcar u s i n g  a b a l l o o n - b o r n c ,  l a r g e - a r e a  s c i n t i l l a t i o n  phoswich 

d e t e c t o r  fZown i n  1977. Tllc p o s i t i o n  o f  t h i s  s o u r c e  was 

d c t e r m i n c d  t o  be -lo from t h e  g a l a c t i c  c e n t e r ,  s o u t h  o f  t h e  



g a l a c t i c  p l a r ~ .  Levine e t  a l .  (1979) r e p o r t  t h e  d e t e c t i o n  wi th  - 
t h e  HEAO-A4 ins t rument  of s e v e r a l  herd X-ray sou rces  i n  t h e  

g a l a c t i c  c e n t e r  r eg ion  i n  a d d i t i o n  t o  GXI+4. One of these 

sou rces  i s  r epo r t ed  t o  be w i th in  lo of  t h e  g a l a c t i c  center. 

I n  t h i s  paper, we p r e s e n t  r e s u l t s  from an  obse rva t ion  of  

t h e  g a l a c t i c  c e n t e r  r eg ion  made wi th  t h e  high energy X-ray 

d e t e c t o r  on OSO-8 dur ing  f i v e  days i n  1978 September. A s t r o n g  

hard X-ray f l u x  was d e t e c t e d  dur ing  these obse rva t ions  from t h e  

v i c i n i t y  of  t h e  g a l a c t i c  center. The spectrum of t h e  f l u x  from 

t h i s  d i r e c t i o n  is harder  than t h a t  of GX1+1 measured dur ing  t h e  

same time i n t e r v a l .  



2 .  OBSRRVATf ONS 
-.I. 

rhe o b s e r v a t i o n s  of t h e  g a l a c t i c  c e n t e r  r e g i o n  were made 

from 1978 September 20 to  25 w i t h  t h e  High Energy %-Ray 

S c i o t i l l a t i o n  Spectrometer on OSO-8. The d e t e c t o r  has  bean 

described in d e t a i l  by Dennis e t  el.  (1977) .  I t  c o n s i s t s  of - 
an actively s h i e l d e d  C s I ( I 4 e )  s c i n t i l l a t o r  w i t h  a s e n s i t i v e  a r e a  

2 o f  2 7 . 5  cm and n c i r c u l a r  field view of 5O l?IVHY. For 

thcso obseu%rations,  X-rays were recorded  i n  the energy  range  

from 20 t o  270 k.aV. The  i n s t r u m e n t  i s  mounted i n  t h e  wheel  

!%cation o f  t h ~  030-8 sgacooraft w i t h  i t s  a x i s  o f f s e t  from t h e  

a n t i s p i n  axis by 5'. Oi~ccc? eve ry  wheel  r o t a t i o n ,  o r  a p p r o x i r a t e l y  

evary 3,O s, t h e  d ~ t ~ e c t o r  s c a n s  a c r o s s  any s o u r c e  l o c a t e d  w i t h i n  

of the a n t i - - s p i n  axis.  With t h i s  scann ing  t e c h n i q u e ,  the 

modulated s ignal  from the s o u r c e  can  be most e f f i c i e n t l y  

rccoverod i n  t h e  p r e s e n c e  aP thc c o n s t a n t l y  v a r y i n g  d e t e c t o r  

background oh? crvr~bd in t h e  o r h i  t a l  environment .  

During the Eivo days of the o b s e r v a t i o n ,  t h e  anti-spin 

exis  of t h o  ai.~acrcrirEt: was maintained a t  an a n g l e  of approximate ly  
0 5 from th.. tiirect:ioo t o  ~J le  galactic center, 5O from G X 1 + 4 ,  

and 2 O  frcm G X 3 i - l  (see F i g u r e  1). CJonsequently, caoh s o u r c e  

pirsrcrl ~ h r t l u g 2  t h e  detector f i e l d  of view a t  a wheel azimukh 

angle crmstant t o  wit:hin 2 El0 f o r  the e n t i r e  f i v e  days.  The 

+cauJ tint d i a t r i , b t : t i ~ o  of c o u n t i n g  rate a s  a funckion of t h e  

f ~ h ~ c l  az?atuth ang1.n measure2 from t h e  s o l a r  vector is  ahorvn i n  

I'igurc 2 Eoi ri l1~t  hroari energy b i n s .  The expac ted  t r i a n g u l a r -  

sbiiprd ) ? b s ? ) : ~  arc irid.~ceted for two point sources, one a t  G X l i - 4  and a 
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accand at t h e  l o c a t i o n  which gives t h s  besk f i t  t o  t h o  data. 

A s t r o n g  peak i n  t h e  data,  reach ing  a maximum a t  t h e  wheel 

azimuth a n g l e  of GX1+4,  can be seen a t  ene rg i e s  below 59 kcV* 

The asymmetry o f  this pcak i n d i c a t e s  t h e  d e t e c t i o n  of X-rays 

from a t  L e a s t  ono o t h e r  source  bes ides  G X L 4 - 4 ,  al though t h e  

d e t e c t e d  f l u x  i s  lower than that Erom S X 1 + 4 .  I n  t h e  59 to 124 

keV range t h e  maximum i n  t h e  data i s  s h i f t e d  away from t h e  

wheel azimuth ang le  of GX1+4, Phus, the d a t a  i n d i c a t e  t h e  

presence  of a t  2 c a s t  two sou rces  i n  $his reg ion ,  one i d e n t i f i e d  

a s  GXL+4 and t h e  o t h e r ,  wi th  x harder  spectxum, l o c a t e d  c l o s e r  

t a  t h e  g a l a c t i c  c e n t e r .  

I n  o r d e r  t o  determine t h e  most pxobakle source l o c a t i o n s  

and t h e  count ing- ra te  s p e c t r a  of t h e  different sources ,  the 

d a t a  were analyzed us ing  a modified form of t h e  sky-mapping 

program desc r ibed  by Bea l l  (1979).  Yaps of t h e  d e t e c t o r  count ing 

r a t e  above background were ob ta ined  fo r  20 energy b i n s  i n  a 

20' area on t h e  c e l e s t i a l  sphere.  Prior t o  the accumulation 

of t h e  d a t a  i n  t h e s e  maps, the e f f e c t s  of t h e  &l% v a r i a t i o n s  i n  

pho tomul t ip l i e r  ga in  d i scussed  by Dennis e t  a l .  (19713a) were 
_I_ 

removed by c o r r e c t i n g  p u l s e  ampli tudes  of each event  us ing  a 

f a c t o r  dependent on t h e  s t r e n g t h  and o r i e n t a t i o n  of t h e  e a r t h ' s  

magnetic f i e l d .  The e f f e c t s  of  v a r i a t i o n s  i n  d e t e c t o r  background 
I i) 

rate were removed by s u b t r a c t i n g  an average background r a t e  

f o r  each o r b i t .  The l o c a t i o n s  of  sources  and t h e i r  count ing- ra te  
t 

s p e c t r a  were determined from t h e s e  maps by a l ea s t - squa re s  f i t f i n g  

technique i n  which t h e  r i g h t  ascension and d e c l i n a t i o n  of up t o  



thrrsa sourczit;s, the ccrunting rates fxam tim sources and the 

residui11 background rake in each snaggy bin ~.~.s~ul.d be k r a n t ~ d  as 
4 

free pnramekers, i 1 
, 4  

X n i t i a l l y ,  trtvo p s i n k  saurcsn wore assumed t o  exist: ip t h i s  1 

rcyian, one souwe Pixcd a t  GX1+4 and a second source for which 

the  cclordinstae w c ~  c oon8idercd ~ r s  Erca paramrt:era i.n Lhe f itl  ing 

routink%, Thc L c ~ e a t f ~ n  of 6lic second saurw which qivcs t h e  
"'1 

ni in imui~  valuil r ~ f  
t i ~ i t r  ) f o r  k,hu broad t:ircrcJy :xtngcz from .'I Lo 

11 4 kcV is  it r i g h t  ,tsc'cnsion ~ 7 ~ 3 f ~ ' " ,  d ~ c l i n d t i u n  - 3008 (rpnchl 
was 107 f o r  105dcq::ccnof FrccSom 1950). The V ~ I ~ U Q  o f  x min 

i n d i c s ~ i n g  n vory good f i e  t o  t h c  data. The count ing r a t e s  at 

unergica berow 21 kcV showcd Larger background Eluctuatians than 
1 

c~pncted fron statistics, grisbabiy because of charged-parkicle 1 
contamination, and hence wcre not usod i n  any of thc data analysis, 

2 The value of nlin WiIs ! tat reduced s i g n i f i c a n t l y  either by adding 

n t h i r d  souyet; i n  tXlc region or by allowing Llm sacarld source i-v 

bc) cs t~~~ ic lad ,  The bosi t - f i t  val:it? obtnlillcrf. fo r  f l l ~  ~ ' ~ ~ ( l i t t s  oJC: it 

Q a c ' i c i - u l ~ t *  ikstcndrii YOUUCI' WAS 1 . 7  w.ith ( rmin 8.1 ) u n i ? t ~ r t , i i r ~ t i  ils <sf 

0- C.+l';"u antt -1. / ,  

2 p o s i t i o n  nE f01lc1wing Avrli (1976) ar'ttil T~rrmntoll pi., i t L ,  [ / 9 9 7 ) ,  - 
For L? Linear f i t t i n g  funct ion and thc two ' 'inCrresking parametersu 

used t o  determine t h e  source loca t ion  (S+.c, t he  two coord ina tes ) ,  

the contour which encloses  the l1truofl l o c a t i a n  a£ t h e  source 

r i t h  e confidence of 956 i s  thc ( X  +6)  contour. This 5,s t h e  

contour shown i n  Figure 1. The elongat ion o f  this contour w i t h  i t s  



l o n g  a x i a  on  a &::I? fnm t h e  d i r e c t i o n  o f  t h e  s a t e l l i t e  a n t i -  

spin a x i s  reflects t h e  ability of  t h c  o b s e r v a t i o n s  to  l o c a t e  a 

s o u r c e  i n  azimuth a n g l e  a b o u t  t h e  a n t i s p i n  a x i s  more accurately 

t h a n  i n  a n g u l a r  s e p a r a t i o n  from the a n t i - s p i n  oxis .  

The c o u n t i n g - r a t e  spectrum of G X D 4  and o f  t h e  second 
2 p o i n t  s o u r c e  a t  t h e  p o s i t i o n  g i v i n g  t h e  minimum vabua of y ware 

o b t a i n e d  from l e a s t - s q u a r e s  f i t s  t o  t h e  d a t a  i n  narrower  

energy bins.  Assumed s o u r c e  spectra were 5 o l d f d  through t h e  

detector r e s p o n s e  f u n c t i o n  end t h e  r e s u l t s  compared w i t h  t h e  

obse rved  c o u n t i n g - r a t e  spectrum for each source .  Accep tab le  least- 

s q u a r e s  representations of t h e  d a t a  were o b t a i n e d  w i t h  power-law 

or thermal-bremsst rahlung s p e c t r a  for b o t h  s o u r c e s .  The f u b c t i o n a l  

forms used and t h e  v a l u e s  of t h e  f i t t e d  p a r a m e t e r s  w i t h  t h e i r  

t 2 . 3 )  u n c e r t a i n t i e s  are g i v e n  i n  T a b l e  1. The 
( X  min 
n o r m a l i z a t i o n  energy,  Ec, is  i n c l u d e d  i n  t h e  f u n c t i o n s  t o  make 

t h e  two f i t t e d  pa ramete r s ,  A and a,or B and kT, e s s e n t i a l l y  

independen t  of each  other. 



ll 

3 * c a ~ c r ~ u s x ~  
The observatians show the existence i n  1978 Septnater of 

a at;rsng r l u x  sf high cnorqy X-rays Erom wS,thin an crrur box 

containiny t b c  cjdlnctic ccnlsnr b u t  r,xcludinq ~ X 1 + 4  and t i Y 3 4 ~ 1 ,  

Tha yhotlr3n-number sgcctrum af t h i s  f lux  $8 vrry hard and cat, 

htb ai=~t!ptahly rWcprt~sr;\ntect 3.n tltc errcrgy s8nngc from .'1 f.o 1 9 3  

kcV by a power law with  a spect-ral indcs of -2.4* 0 . 3 .  TPicst> 

rtxlsuSts rtr~'. C S ~ C I I ~  i ally in ilqrtlt3m~:nf. wi th  t I ~ c  ~ : c . . su&~s  t 3 f  s.iini Lar 

QS0-8 crbscrvations mddc i n  rjoptrlinber of 1975 and 3476 F P ~ B N I : O ~  

by Baal2 (1979) and Dennis c t  a l ,  (1978), 
.f-"C."--. 

Comparisons with t h o  high-enargy X-ray Eluxcs ~ ~ B ~ P v c ~ I  

irom sources  i n  t h i s  reg ion  by other workers a r e  important  i n  any 

sea rch  Cox evidence of long-term v a r i a b i l i t y .  S i g n i f i c a n t  

comparisons a r e  gene ra l ly  very d i f f i c u l t ,  however, because of t h e  

l a r g e  f i e l d  of  view of t h e  ins t ruments  used and t h e  r e s u l t i n g  source  

confusion.  An upper l i m i t  can be  ob ta ined  on t h e  s t r e n g t h  of a 
2 source  a t  ou r  X -minimum p o s i t i o n  from t h e  ba l loon  f l i g h t  i n  

1970 October of  a d e t e c t o r  wi th  a 105 x 3.3' f i e l d  of  view (Lewi,n 

e t  ax. 1 9 7 1 ) .  Examination of t h e  count ing r a t e  d a t a  from t h i s  

f l i g h t  fox  scans  5 and 7 a c r o s s  :he g a l a c t i c  c e n t e r  reg ion  shows 

2 k h e  count ing rate f r n ~  a source a t  our  x -minimum p o s i t i o n  could n o t  
b 

have been g r e a t e r  khan $308 of t h e  average r a t e  observed from 
I 

" / I GX1+4 dur ing  t h e  same scans  (Ricker  1979, p r i v a t e  communication). 
,') 

T h i s  corresponds t o  a 3u upper l i m i t  on t h e  energy f l u x  i n  t h e  

C range  from 18 t o  40 keV of 0.7 keV cm-' s-', and is  t o  be 
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compared to a flux of (1.5±0.4) keV cm-2 s-1 determined from our

best-fit power-law spectrum over the same energy range. Thus,

the flux from this region must have been a factor of „2 stronger 	 •

in September 1978 than it was in October 1970. The scan across

the galactic center during the balloon flight of a similar detector

in 1972 April included GX1+4 in the field of view at the same time

as a source at our X 2 -minimum position, thus preventing any

significant upper limit from being obtained (Ricker et al. 1976).

A comparison can also be made with the extended hig4h--energy

X-ray source or group of unresolved sources detected at the

galactic center by Markert et al. (1977) using the proportional

counters with a 1 0 field of view on 090-7 between 1971 and 1974.

The counting rates from this region in the argon-filled and in

the krypton-filled proportional counters, which cover the energy

range from 3 to 10 keV and 15 to 40 keV respectively, were

approximately 25% of the rates measured with the Crab nebula in

the field of view. This is approximately the same fraction of

the Crab counting rate that we observed from this region, and

suggests that we have detected the same extended source or

group of sources to higher energies.

It is unlikely that GX3+1 contributes significantly to

the observed counting rate, except possibly at the lowest energies

observed. The location of GX3+1 lies well outside the 95%

confidence contour and is only 20 from the antispin axis resulting

in a relatively low exposure to this source. A 3a upper limit

can be placed on the flux from GX3+1 in the energy range from

'f	 21-59 keV of 2x10
-3 

photons cm
-2
 s -1 keV-1 , consistent with the

fluxes retorted by Ricker et al. (1973) and Johnson and Haymes

1.	 (1973) .
i
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.

The photon-number spectrum obtained for rX1+4 is considerably

softer than the spectrum of the second source in this region. It

can be acceptably represented over the energy range from 21 to 197

keV by a power law with a spectral index of -4,1±0.5 or by

a thermal bremsstrahlung spectrum with kT = 19±4 keV. This

spectrum is in good agreement in intensity and form with that

reported by Ricker et al. (1976) from a balloon flight in 1972

April when GX1+4 was in a high intensity state compared to the

level reported by Lewin et al. (1971) during 1970 October.

Doty et al. (1978) reported that the HEAO-A4 observations of

GX1+4 can be well represented by a t:zermal spectrum with a kT

value of 24 keV but that a power-law spectrum does not give an

acceptable fit to the data. While our results give a lower value

of X 2 for a thermal spectrum with a kT value in agreement with

the 11EA0 result, we cannot rule out a power-law spectrum on the

basis of our data alone (see Table 1).

If the high energy X-rays which we have detected are from

a source at the galactic center, then the X-ray luminosity

calculated from either the power-law or the thermal br.emsstrahlung

spectral fit is ,v2x10 37 ergs s-1 in the energy range from 26 to

100 keV. This must represent a significant fraction of the

bolometric luminosity of a source at the galactic center. It is,

therefore, of great importance to locate more precisely the high-

energy X-ray source or sources in this region. A comprehensive

analysis of the complete set of OSO-8 data from the three scans

through this region in 1975, 1976 and 1978 is being carried out

and the results will be presented in a later paper.
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1	 SOURCE

Galactic Latitude, b 

Galactic Longitude, to

15

TABLE 1

GX1+4

4.8

1.5

Second source at

most probable location

0.2

357.7

Degrees of Freedom

Energy Range (keV)

E  (keV)

Power-Law Fit

A (photons cm-2 s-1 kev-1)

a

X2/degrees of freedom

Probability A)

11

21-197

30

(3.5±0.3)x10-3

4.1±0.5

1.93

3.1

11

21-197

50

(6.3±0.9)x10-4

2.3±0.3

1.23

26

Thermal Bremsstrahluna Fit

B(photons cm-2 s-1 keV-1 )	 0.44±0.04

kT (keV)	 19±4

X 2/degree of freedom 	 1.11

Probability ($)	 34.8

r,r_

i•

0.15±0.03
+55

88 -28

1.37

17.9



Notcs t o  Tablc 1 

1111 spectral f i t s  were ohtnincd assuming a satircc a t  the l o c a t i o n  

of ~ x 1 + 1  and a second p o i n t  source  a t  the most probable  l o c a t i o n .  

The b e s t - f i e  s p e c t r a l  pevameters Were obtained f o r  a power-law 

spectrum of t h e  form 

a ~ d  f o r  a tlllermal bremss.trshlung spectrum of the form 

The values oP the probabi l i ty  i n  the l a s t  l i n e  o f  the table 

LOT each spece ra1  f i t  arc .the percen tage  p r o b a b i l i t i e s  t h a t  

a value of X2  equal 'to or exceeding the measured va lues  would 

be obtained @,s a eaesul% oT randolh PlucCua'Lions i n  the count ing 

races about 'the sites expecQed on W e  hasis of the b e s t - f i t  
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FIGUItE CAPTIONS - 
Figure  1 Map of t h e  g a l a c t i c  c e n t e r  showing 

t h e  p o s i t i o n  of t h q  matellite a n t i s p i n  

a x i s  and t h e  d e t e c t o r  scan circle i n  1978 

+ 6)  contour ,  September 20 to 25. The ( X  

which enc loses  t h e  a t r u e a  source  l o c a t i o n  

wi th  a conf idence  of 95%, is rhown f o r . t h e  

hard X-ray source  observed i n  t h e  v i c i n i t y  

of t h e  g a l a c t i c  c e n t e r .  

The detector count ing  rate measured i n  X978 

September 20 to 2 5  as a  func t ion  of  t h e  

wheel azimuth a n g l e  of t h e  d e t e c t o r  a x i s .  

Also shown a r e  t h e  t r iangular-shaped 

responses  t o  f l u x e s  from G X 1 + 4  and from 

a  source  a t  t h e  l o c a t i o n  g iv ing  t h e  

2 minimum va lue  o f  x . 

Figure  2 





WHEEL AZIMUTH ANGLE IN DEGREES 

FIGURE 2 
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