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ABSTRACT 

A balloon borne x-ray survey of the g a l a c t i c  plane i n  the 

region of the g a l a c t i c  cen te r  was made from Aus t r a l i a  during 

December 1966. The photon events recorded by a de t ec to r  composed 

of a krypton gas proport ional  counter and a cesium iodide s c i n t i l l a t i o n  

c r y s t a l  a r e  used t o  determine the spectrum of hard x-rays from the 

v i c i n i t y  of Sgr XR-1. 

We repor t  here on evidence f o r  hard x-rays from the v i c i n i t y  

This r e s u l t  i s  based upon of Sgr XR-1, near the g a l a c t i c  center.  

da t a  co l l ec t ed  during a balloon f l i g h t  launched from Mildura, Aus t r a l i a  

on 18 December 1966. The r e s idua l  atmosphere during the time of these 

measurements was 3.0-3.3 g/cma. 

Figure I is a schematic representat ion of the gondola. Telescope A 

was v e r t i c a l  throughbut the f l i g h t .  

z e n i t h  angle 0 ( t )  and ro t a t ed  i n  azimuth @ by the gondola a t  the r a t e  

of one revolut ion per  10 minutes; the e a r t h ’ s  magnetic f i e l d  was used 

a s  a n  azimuthal reference and an  i n e r t i a  r ing  served as the r e se rvo i r  

of angular  momentum. 

Telescope B was programmed i n  

The main elements of te lescope A a r e  shown i n  Figure 11-a. A 

s t r u c t u r e d  response p a t t e r n  was achieved f o r  te lescope A through 

the use of a copper occu l t a t ion  disk and annulus placed wel l  above the 

d e t e c t o r .  The e f f e c t i v e  de t ec t ion  cross s e c t i o n  A ( 8 )  is exhibi ted i n  

Figure 11-a as  a funct ion of the zeni th  angle 8 of the incident  r ad ia t ion .  

This was obtained by measuring the counting r a t e  due t o  a Sn1lsm source 

p laced  a t  pos i t i ons  corresponding t o  seve ra l  values of 8 fo r  a fixed 

rad ia l .  d i s t ance  of 1 2  f t .  
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Figure 11-b shows the d e t e c t o r  used I o r  both te lescope A and 

te lescope B.  The c e n t r a l  element i s  a cesium iodide ( tha l l ium a c t i v a t e d )  

s c i n t i l l a t i o n  c r y s t a l  t h a t  is used to measure x-rays i n  the band 

- 20 - 100 KeV, pa r t i t i oned  by 64 channels. The geometry f a c t o r  f o r  

the unocculted c r y s t a l  ( i . e .  ' telescope B )  i s  2.95 cm'. s r .  

The p l a s t i c  s c i n t i l l a t o r  (CH) serves  as  an an t ico inc idence  

d e t e c t o r  of charged p a r t i c l e s  and a l s o  a s  the innennost component of 

a three-element graded x-ray s h i e l d ;  the  l i g h t  from the C s I  c r y s t a l  

is  d is t inguished  from t h a t  of the p l a s t i c  s c i n t i l l a t o r  by i t s  longer 

decay t i m e .  The entrance po r t  i s  a krypton gas propor t iona l  counter  

t h a t  se rves  as  an ant icoincidence dc>tector and i s  a l s o  used t o  

measure x-rays i n  the  band - 10 - 30 K e V ,  p a r t i t i o n e d  by 64 channels.  

The t ransmission of the gas counter  exceeds the 50% leve l  a t  - 25 KeV. 

The zen i th  angle  b of te lescope B was programed such t h a t  the  

te lescope  a x i s  passed t angen t i a l ly  through the g a l a c t i c  plane upon 

each r o t a t i o n  of  the  gondola. 

g a l a c t i c  nor th  (during 0:39 - 1:39 U.T.) and then s i x  subsequent passes  

from g a l a c t i c  south (during 3:Ol - 4:Ol U.T.) used f o r  the p re sen t  

a n a l y s i s .  The programmed zen i th  angle  8 f o r  te lescope B f i xes  the 

maximum magnitude of  g a l a c t i c  l a t i t u d e  (b) a t t a ined  by the  te lescope 

a x i s  during each r o t a t i o n  ( i . e .  lblmax = 28).  

Figure 111 shows s i x  such passes  from 

Figure I V  shows the  raw counts obtained from a superpos i t ion  of 

epochs,  phased i n  azimuth with respec t  t o  Sgr XR-1 (coordinates  a s  

g iven  by Friedman e t  a l . ,  1967). 

w e l l  a s  those from g a l a c t i c  south exh ib i t  a minimum counting r a t e  fo r  

azimuthal  angles  near  180'. 

of passes  from g a l a c t i c  north is the  s igna l  detected from Sco X-1 by 

the krypton  gas counter .  

The passes  from g a l a c t i c  north a s  

The dominant f ea tu re  of  the superpos i t ion  

In c o n t r a s t ,  t he  dominant f ea tu re  of the  
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superposi t ion of passes from g a l a c t i c  south is  the s i g n a l  from the 

v i c i n i t y  of Sgr XR-1 detected by the cesium iodide c r y s t a l .  

a s t rong q u a l i t a t i v e  ind ica t ion  of the r e l a t i v e  hardness of the two 

spec t r a .  

This is 

The s i x  passes through the g a l a c t i c  plane from g a l a c t i c  south a r e  

used t o  determine the spectrum of x-rays from the v i c i n i t y  of Sgr XR-1. 

Data from azimuthal angles 288O'36Oo (Oo)'72O r e l a t i v e  

a r e  used f o r  the gross s i g n a l  while the da t a  from 108°+1800d2520 a r e  

used  f o r  the background. When the s u i t a b l e  co r rec t ions  a r e  applied 

( i . e .  de t ec t ion  e f f i c i ency  f o r  a source a t  the pos i t i on  of Sgr XR-1, 

atmospheric a t t enua t ion ) ,  the spectrum obtained f o r  the corresponding 

beam incident  upon the top of the atmosphere is  shown i n  Figure V. 

The lowest energy i n t e r v a l  i nd ica t e s  the data obtained from the krypton 

gas counter;  the o the r  s i x  i n t e r v a l s  were obtained from the da t a  

recorded by the C s I  c r y s t a l .  These data ind ica t e  a spectrum f o r  the 

x-rays from the v i c i n i t y  of Sgr XR-1 t h a t  i s  s i m i l a r  t o  the spectrum 

f o r  the x-rays from the Crab nebula, Tau XR-1 (Peterson, 1966). This 

observat ion extends the s p e c t r a l  indicat ion f o r  the g a l a c t i c  cen te r  

reg ion  obtained from rockets (Giacconi e t  a l . ,  1966). 

t o  Sgr n-1 

As shown i n  Figure 111, there  were o the r  possible  sources t h a t  

Therefore,  

In  t h i s  

passed near the meridian a t  the s i d e r e a l  time f o r  SgrXR-1. 

i t  is  necessary t o  d i s t ingu i sh  the appropriate dec l ina t ion .  

connection, we note  t h a t  during the meridian passage of Sgr XR-1 i t  

was a t  maximum v i s i b i l i t y  f o r  telescope A and t h a t  a t  t h i s  p a r t i c u l a r  

time the sun was occul l ted by the annulus of t h i s  u n i t .  The observed 

counting r a t e  (dN/dt) o f  the C s I  s c i n t i l l a t o r  f o r  telescope A, in  the 

band 22 - 60 KeV,  is here  folded with the e f f e c t i v e  de t ec t ion  c ros s  

s e c t i o n  A(8)  f o r  da t a  co l l ec t ed  during A t  = 180 minutes, s t a r t i n g  a t  

t = 0 : 5 0  U.T., VU.: 
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(Folded r a t e )  H 

The a r e a  A ( t ) a t  time ( t )  i s  fixed by the z e n i t h  angle 0 between the 

hypo the t i ca l  c e l e s t i c a l  ob jec t  under considerat ion and the a c t u a l  

a x i s  of te lescope A a t  t h a t  time. We consider  candidate  dec l ina t ions  

over the i n t e r v a l  6 = -34O 2 15' a t  a f ixed r i g h t  ascension of 270° 

and examine the increment betwecn LIW lolded r a t e  (1) and t h e  average 

r a t e  (2) f o r  the same 

(Average r a t e )  

da t a  sample, viz: 

d t  

A t  

The corresponding curve shown i n  Figure V I  e x h i b i t s  a maximum a t  a 

d e c l i n a t i o n  c l o s e  t o  t h a t  reported by Friedman e t  a 1  (1967) for 

Sgr  XR-1 and a negat ive c o r r e l a t i o n  for the sun. 

It i s  a pleasure t o  thank Walter Nagel f o r  the o r i e n t a t i o n  system, 

Eric Curwood and the Aus t r a l i an  Department of Supply f o r  the balloon 

f l i g h t ,  and Frank B. McDonald f o r  his encouragement. 
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FIGURE CAPTIONS 

Figure  I 

A schematic r ep resen ta t ion  of t h e  gondola. 

Figure I1 

a) Telescope A u t i l i z e s  the  occu l t a t ion  scheme ou t l ined ;  t he  

d e t e c t o r  appears  a t  the bottom. 

b) The e s s e n t i a l  f e a t u r e s  of the d e t e c t o r  used for both te lescopes 

( A and B). 

F igure  111 

The scan of t he  g a l a c t i c  plane executed by te lescope B. 

Figure  IV 

The counting r a t e  recorded by te lescope B. 

Figure  V 
I 

Tne spectrum of X-rays fromthe v i c i n i t y  of Sgr XR-1 

F igure  V I  

A determina t ion  of t he  dominent source d e c l i n a t i o n  based upon t h e  

counting rate from telescope A ,  over t h e  band 22-60 keV f o r  t he  

CsI c r y s t a l .  
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