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ABSTRACT 

Balloon measurements of the  g a l a c t i c  an t ipro ton  
f l u x  i n  t h e  energy range 0.2-2 GeV a r e  presented, 
The experiments were c a r r i e d  out i n  t h e  summer of  
1984 with magnet spectrometers flown at a r e s i d u a l  
Dyessure of N 10 g * ~ x n - ~  and cut-off r i g i d i t y  of - 0.6 GV. An upper limit f o r  t h e  ant ipro ton  t o  
proton f l u x  r a t i o  has  been obtained of 

:/p (0.2-2 GeV) < 5x10-~,  

1. Introduct ion.  Detection of an t ipro tons  i n  t h e  primary 
cosnic r ad ia t ion  i n  t h e  energy range- 0.1-1 0 GeV [ 1,2,3] 
and subsequent ana lys i s  of t h e  observat ional  data  showed 
that t h e  experimental da ta  cannot be accounted f o r  i n  t h e  
context of ideas  involving ant ipro ton  production i n  t h e  
i n t e r a c t i o n  of high energy cosmic rays  with t h e  i n t e r s t e l -  
l a r  medium. A s  a r e s u l t ,  hypotheses have appeared invol  - - 
ving production of an t ipro tons  i n  compact dense object  sL4. , 
i n  molecular hydrogen clouds [5] , i n  t h e  evaporation of 
primary black holes  [6 1, and due t o  possible  exis tence of  

# 

an t ima t t e r  i n  t h e  Universe L7]  . Since t h e  l a rges t  discre-  
pancy between experiment and theory i s  found t o  ex i s t  i n  
t h e  low energy region, i t  appeared reasonable t o  car ry  out 
measurement s a t  a few hundred MeV energy by an independent 
method and t o  obta in  data  on the  ant ipro ton  spectrum i n  

t h e  intermediate  energy range up t o  n~ 2 GeV. Our f i r s t  ex- * 

periments i n  t h i s  a rea  have been c a r r i e d  out i n  the  energy 
range 0.2-2 GeV with two magnet spectrometers i n  the  sum- 

mer of 1984 i n  two balloon f l i g h t s  made i n  t h e  North at a 
cut-off r i g i d i t y  of  N 0.6 GV. 
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ABSTRACT 

Balloon measurements of the galactic antiproton 
flux in the energy range 0.2-2 GeV are presented. 
The experiments were carried out in the summer of 
1984 with magnet spectrometers flown at a residual 
pressure OfN 10 g·cm-2 and cut-off rigidity of 
~ 0.6 GV. An upper limit for the antiproton to 
proton flux ratio has been obtained of 

pip (0.2-2 GeV) < 5x10-4 • 

1. Introduction. Detection of antiprotons in the primary 
cosmic radiation in the energy range'" 0.1-10 GeV [1,2,3] 
and subsequent analysis of the observational data showed 
that the experimental data cannot be accounted for in the 
context of ideas involving antiproton production in the 
interaction of high energy cosmic rays with the interstel­
lar medium. As a result, hypotheses have appeared invol -
ving production of antiprotons in compact dense objects(4] , 
in molecular hydrogen clouds [5J , in the evaporation of 
primary black holes [6 J, and due to possible existence of 
antimatter in the Universe [7] . Since the largest discre­
pancy between experiment and theory is found to exist in 
the low energy region, it appeared reasonable to carry out 
measurements at a few hundred MeV energy by an independent 
method and to obtain data on the antiproton spectrum in 
the intermediate energy range up to ~ 2 GeV. Our first ex- • 
periments in this area have been carried out in the energy 
range 0.2-2 GeV with two magnet spectrometers in the sum-
mer of 1984 in two balloon flights made in the North at a 

cut-off rigidity of~ 0.6 GV. 



2. Method and Instrumentation. Each magnet spectrometer 
( see Figure 1 ) consisted of a deflecting permanent mag- 
net ( M ) ,  a spark chamber assembly (SCI-SC4) with op t i ca l  
readout, and a telescope made up of s c i n t i l l a t i o n  counters 
( S C ~  ,E2,E3,E4,~~5) and s gas Eerenkov detector  ( 8 )  t o  
determine the  di rect ion of pa r t i c l e  a r r i v a l  and f o r  t he  ve- 
l o c i t y  and charge discrimination of par t i c les .  The backgro- 
und due t o  the  electrons ( both atmospheric and ga l ac t i c  ) 

and atmospheric muons and pions ( produced primarily i n  the  
top part of the instrument ) which could simulate t raver-  
sal of the  instrument by antiprotons was supressed by the 
gas Eerenkov counter ( with a threshold Lorentz f ac to r  

= 3.1 ) with an eff iciency > 99.9 5.  The possible simula- 
t i on  of antiprotons by albedo protons was eliminated by 

a tirne-of-flight analys is  of the  incident par t i c les .  The 
expected background i n  the  experiment could simulate an t i -  

protons a t  a l e v e l  of 
F/p ( 3x10-~. The geo- 

- SCIBTIXJ,ATI~ ~ ~ E R  S 1  met r y  fac tor  of the  in-  
, SPARK CHAMBER sc I strument f o r  p a r t i c l e  

, SPARK CHAMBER sc2 momenta ) 0.4 GeV/c i s  
SCIUTILLAFIOB 2 - AUTI-CWWl'BR S 2  1 .I  cm sr, the  average 
PEwAmm MAcm Y 
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3. Results. Two balloon 

- ARTI4OULOTER S3 f l i g h t s  of the  two mag- 
- SPARK C W B R  SC3  net spectrometers have 
- SPARK CWER sc4 been car r ied  out i n  the  
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on 30-31 June a t  a re-  

Fig. 1. A schematic diagram sidual  pressure of 
of the IPTI Magnet Spectro- N 1 4  g - ~ m - ~ ,  f o r  5 hrs .  

meter. About 16.500 evente we- 
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2. Method and Instrumentation. Each magnet spectrometer 
( see Figure 1 ) consisted of a deflecting permanent mag­
net (M), a spark chamber assembly (SC1-SC4) with optical 
readout, and a telescope made up of scintillation counters 
(SC1,SC2'SC3,SC4,SC5) and a gas ~erenkov detector (8) to 
determine the direction of particle arrival and for the ve­
loci ty and charge discrimination of particles. 'rhe backgro­
und due to the electrons ( both atmospheric and galactic ) 
and atmospheric muons and pions ( produced primarily in the 
top part of the instrument ) which could simulate traver­
sal of the instrument by antiprotons was supressed by the 
gas ~erenkov counter ( with a threshold Lorentz factor 
'( = 3.1 ) with an efficiency) 99.9 %. The possible simula­

tion of antiprotons by albedo protons was eliminated by 
a time-of-flight analysis of the incident particles. The 
expected background in the experiment could simulate anti-
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Fig .1. A schematic diagram 
of the IPTI Magnet Spectro­

meter. 

protons at a level of 
pip < 3x10-5 • The geo-
metry factor of the in­
strument for particle 
momenta> 0.4 GeV/c is 
1.1 cm2sr, the average 
line integral-O.68 kGm. 
3. Results. Two balloon 
flights of the two mag­
net spectrometers have 
been carried out in the 
summer of 1984. The 
flight on 28-30 June 
at a residual pressure 
of ~ 9 g.cm-2 lasted 
for 26 hrs, and that 
on 30-31 June at a re­
sidual pressure of 
1'\.114 g. cm -2, for 5 hrs. 

About 16.500 events we-
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r e  recorded a l together .  About 30 5 of t h e  information has  
been processed up t o  now by t h e  se lec t ion  c r i t e r i a  cho- 
sen [8] . Figure 2 shows t h e  magnetic de f l ec t ion  d i s t r i b u -  
t i o n  of  singly-charged p a r t i c l e s  recorded i n  t h e  f l i g h t s .  
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. Fig.2. The de f l ec t ion  d i s t r i b u t i o n  of  singly-charged 
p a r t i c l b s  recorded at  10 g . c d 2  of r e s idua l  atmo - 

sphere and cut-off r i g i d i t y  of  .lu 0.6 GV in 1984. 

The pos i t ive  de f l ec t ion  region extending from + 0.3 t o  
+ 2.5 ( ~ e ~ / c ) - '  corresponds t o  g a l a c t i c  protons of 2  t o  
0.2 GeV and secondary protons produced i n  t h e  r e s i d u a l  at- 
mosphere. The upper energy l i m i t  f o r  t h e  primary protons 
i s  determined by t h e  e f f e c t i v e  threshold o f  t h e  eerenkov 
counter,  and t h e  lower l i m i t ,  by t h e  a c t u a l  cut-off r igidi-  

t y .  The expected region of  de tec t ion  of g a l a c t i c  and atmo- 
spherically-produced ant ipro tons  corresponds t o  de f l ec t ions  - 1 
ranging from - 0.3 t o  - 2.5 (GeV/c) . The de f l ec t ions  i n  
excess of 2 3.0 (G~v/c)- '  a r e  due t o  atmospherically-pro - C 

duced muons. 
A t o t a l  o f w  2000 protons were recorded i n  t h e  energy 

A 

range 0.2-2 GeV. Not a s i n g l e  event was observed i n  t h e  

ant ipro ton  de f l ec t ion  range. Thus only an  upper l imi t  f o r  
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re recorded altogether. About 30 % of the information has 
been processed up to now by the selection criteria cho­
sen [8] • Figure 2 shows the magnetic deflection distri bu­
tion of singly-charged particles recorded in the flights. 
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Fig.2. The deflection distribution of singly-charged 
particles recorded at rv 10 g.cm-2 of residual atmo -

sphere and cut-off rigidity of .~ 0.6 GV in 1984. 

The positive deflection region extending from + 0.3 
/ -1 + 2.5 (GeV c) corresponds to galactic protons of 2 

to 
to 

0.2 GeV and secondary protons produced in the residual at­
mosphere. The upper energy limit for the primary protons 
is determined by the effective threshold of the ~erenkov 
counter, and the lower limit, by the actual cut-off rigidi­
ty. The expected region of detection of galactic and atmo­
spherically-produced antiprotons corresponds to deflections 
ranging from - 0.3 to - 2.5 (GeV/c}-1. The deflections in 
excess of ± 3.0 (GeV/c)-1 are due to atmospherically-pro -
duced muons. 

A total of ~ 2000 protons were recorded in the energy 
range 0.2-2 GeV. Not a single event was observed in the 
antiproton deflec·tion range. Thus only an upper limit for 



the  p/p r a t i o  has been found up t o  now, namely, 

$/P (0.2-2 GeV) ( 5x10-4. 

While the  measured upper limit f o r  t h e  s /p  r a t i o  i s  c l o s e  

t o  the  expected value $/p (2-4)x10-~ f o r  t h e  energy ran- 

ge 0.2-2 GeV [3,8] , no d e f i n i t e  conclusions can ye t  be 
drawn. Further a n a l y s i s  of the  ava i l ab le  da ta  and new ex- 

periments planned f o r  t h e  summer of 1985 w i l l  hopeful ly  i m -  
prove the  s t a t i s t i c a l  s igni f icance  of t h e  r e s u l t s  obtained. 

References, 

1 . Bogomolov E . A ,  ,Lubyanaya N.D. ,Romanov V .A.  ,Stepanov S .V., 

Shulakova M.S,, Proc.16th In tern .  Cosmic Ray Conf., Kyoto, 

1979, v.1, p.330. 
2. Golden R.L. ,Horan S . $auger B .G. ,Badhwar G.D. ,Lacy J .L. , 
Stephens S ,A. ,Daniel R.R. ,Zipse J .Em, Phys. Rev. L e t t . ,  

1979, v.43, p.1196. 
3.  Buffington A .  ,Schindler S .Me ,Pennypacker C ,R., Astro- 

phys. J., 1981, v.248, p.1179. 

4. Ginzburg V.L. ,Ptuskin V . S . ,  Lebedev Physical  I n s t i t u t e  

Preprint  No 35, 1984. 

5. Tan L.C.,l?g L.K., Astrophys. J., 1983, v.269, p.751. 

6 .  Kiraly P.,Szabelski J.,Wdowczyk J.,Wolfendale A.W., 

Nature, 1981, v.293, p.120, 

7. Stecker F.W,,Protheroe R.J. ,Kaaanas Dm, Astrophys. and 
Space Sci . ,  1983, v.96, p.171. 

8. Bogomolov E . A ,  ,Lubyanaya N.D. ,Romanov V.A. ,Stepanov S -V., 
Shulakova M.S., Proc.17th In tern .  Cosmic Ray Conf., P a r i s ,  

1981, v.9, p.146. 

365 OG6.1-11 

the pip ratio has been found up to now, namely, 

pip (0.2-2 GeV) < 5x10-4• 

While the measured upper limit for the pip ratio is close 
to the expected value pip ~ (2-4)xl0-4 for the energy ran­
ge 0.2-2 GeV [3,8J , no definite conclusions can yet be 
drawn. Further analysis of the available data and new ex­
periments planned for the summer of 1985 will hopefully im­
prove the statistical significance of the results obtained. 
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