
CHAPTER I  
INTRODUCTION

1 ะ 1 HISTORY
As i t  i s  known to - d a y  cosm ic  r a d i a t i o n  o r i g i n a t e s  from  h ig h  

e n e rg y  p a r t i c l e s  com ing from  o u t s i d e  th e  e a r t h .  I t  was f i r s t  d is c o v e r e d  
th r o u g h  i t s  pow er o f  i o n i z a t i o n ,  r e v e a l e d  by th e  s lo w  d is c h a r g e  o f  e f f e c ­
t i v e l y  i n s u l a t e d  e l e c t r o m e t e r s  i n  h e r m e t i c a l l y  c lo s e d  c o n t a i n e r s  w ith  d ry  
a i r .  T hese  phenom ena w ere s t u d i e d  by G e i t e l  and  W ilso n  (1 )  in d e p e n d e n t ly  
i n  th e  y e a r  1 9 0 0 . L a t e r ,  i n  1902 R u th e r f o r d ,  C ook, K clen n o n  and  B u r to n  
(2 )  show ed t h a t  th e  i o n i z a t i o n  was ro u g h ly  t h e  same when th e  g a s  c o n t a i n ­
e r s  w ere p r o t e c t e d  by c o m p a ra t iv e ly  t h i c k  l a y e r s  o f  l e a d ,  and  d e c r e a s e d  ■ 
when i t  was p r o t e c t e d  by a  s u f f i c i e n t l y  t h i c k  l a y e r .  T h u s , one o f  th e  
p r o p e r t i e s  o f  th e  i o n i z i n g  r a d i a t i o n  m ust be h ig h  p e n e t r a t i n g  p o w er.

B u t ,  a t  t h a t  t im e  i t  was g e n e r a l l y  assum ed  t h a t  th e  i o n i z a t i o n  
v/as due to  r a d i o a c t i v e  s o u r c e s  on  th e  s u r f a c e  o f  th e  e a r t h ,  u n t i l  C .T .R . 
W ilso n  s u g g e s te d  t h a t  i t  c o u ld  be due to  an  unknown r a d i a t i o n  p e n e t r a t i n g  
th e  a tm o s p h e re  from  o u t e r  s p a c e .  G o ck e l i n  1910 o b s e rv e d  t h i s  e f f e c t  by 
s e n d in g  a  b a l l o o n  up to  ^ ,0 0 0  m e te r s  ab o v e  th e  s e a  l e v e l ,  an d  fo u n d  t h a t  
t h e  i n t e n s i t y  o f  th e  r a d i a t i o n  i n c r e a s e s  w ith  i n c r e a s i n g  a l t i t u d e .  The 
same s t u d i e s  w ere made by H ess and  K o l h o r s tc r  i n  1913  w h ich  c o n f irm e d  
G o c k e l1ร r e s u l t s .  T h e r e f o r e  i t  was c o n c lu d e d  t h a t  th e  unknown r a y s  w ere 
o f  e x t r a - t e r r e s t r i a l  o r i g i n .  T h is  c o n c lu s io n  was c o n f irm e d  a g a in  l a t e r
by M i l l ik a n  ( 1923- 192*0 , H offm an ( 1925 ) ,  B chounek ( 1926) ,  and  a t  l a s t  i t  
v/as a c c e p te d  i n  th e  y e a r  1926 and  th e  r a y s  h av e  b e e n  c a l l e d  "COSMIC RAYS" 
e v e r  s i n c e .

1 :2  THE ORIGIN 0 ?  COSMIC RAYS
B e fo re  th e  d is c o v e r y  o f  cosm ic  r a y s ,  ^ - r a y s  from  r a d i o a c t i v e  

e le m e n ts  c o n s t i t u t e d  th e  m ost p e n e t r a t i n g  r a d i a t i o n  known. T h is  c a u s e d  
some s c i e n t i s t s  t o  p ro jjo so  t h a t  th e  unknown r a d i a t i o n  m e n tio n e d  above 
c o n s i s t e d  o f  Y'“ r a y s  o f  u l t r a - h i g h  f r e q u e n c i e s .  I n  19291 w ith  th e  
adv an ce  o f  c lo u d  cham ber t e c h n i q u e s ,  S k o b e lz y n  fo u n d  t h a t  a t  s e a  l e v e l ,  
th e  unknown r a d i a t i o n  c o n s i s t s  o f  a  m ix tu re  o f  v a r io u s  c h a rg e d  p a r t i c l e s  
and  lF-qua n t a ;  t h e  m ain  com ponent b e in g  e l e c t r o n s .
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I n  า933, from  th e  s t u d i e s  o f  C.D* A n d erso n  a s  w e l l  a s  B l a c k e t t ,  
i t  becam e known a l s o  t h a t  th e  m ix tu re  o f  p a r t i c l e s  c o n s t i t u t e s  a  s e c o n d a ry  
r a d i a t i o n  r e l e a s e d  by n u c le a r  r e a c t i o n s  i n  th e  a tm o s p h e re é The cosm ic  
r a d i a t i o n  th u s  c o n s i s t s  o f  two s e p a r a t e  t y p e s ,  p r im a ry  and  s e c o n d a ry  
r a d i a t i o n .  The p r im a ry  cosm ic  r a d i a t i o n  e n t e r s  th e  a tm o s p h e re  from  o u t e r  
s p a c e ,  and  th e  s e c o n d a ry  r a d i a t i o n  i s  p ro d u c e d  from  n u c le a r  r e a c t i o n s  
b e tw een  th e  p r im a ry  r a y s  and  th e  v a r io u s  n u c l e i  i n  th e  a tm o s p h e re .

I n  1935» S t r e e t  and Woodward d is c o v e r e d  t h a t  th e  co sm ic  r a d i a ­
t i o n  c a n  bo d iv id e d  i n t o  two c o m p o n en ts . They a r e  th e  s o f t  com ponent and 
th e  h a rd  com ponent (3 )»  The s o f t  com ponent i s  o f  low  e n e rg y  and  c a n n o t 
p a s s  th r o u g h  10 c e n t im e te r s  t h i c k n e s s  o f  l e a d ,  b u t  th e  h a rd  com ponent i s  
o f  h ig h e r  e n e rg y  and  p e n e t r a t i n g  pow er and  c a n n o t  be e a s i l y  a b s o r b e d .

At p r e s e n t  i t  a p p e a r s  r e a s o n a b le  to  d e f in e  p r im a ry  cosm ic  r a y s  
a s  a  r a d i a t i o n  o f  p a r t i c l e s  w i th  h ig h  s p e c i f i c  e n e rg y  e n t e r i n g  th e  a tm o s­
p h e re  from  o u t e r  s p a c e .  The o r i g i n  o f  th e  p r im a ry  cosm ic  r a y s  c o n s t i t u t e s  
a  p ro b lem  w h ich  i s  s t i l l  f a r  from  b e in g  s o lv e d  i n  a  s a t i s f a c t o r y  w ay.

The p r im a ry  cosm ic  r a y s  a r e  c h a r a c t e r i z e d  by s u c h  h ig h  k i n e t i c  
e n e r g i e s  p e r  n u c le o n  t h a t  a  v e ry  e f f e c t i v e  a c c e l e r a t i o n  p r o c e s s  h a s  t o  
fo rm  p a r t  o f  th e  p r o d u c t io n  m echan ism . P o s s ib l e  a c c e l e r a t i o n  p r o c e s s e s  
i n  th e  u n i v e r s e  a r c  th u s  o f  f i r s t  im p o r ta n c e .  The l o c a l i t y  o f  th e  a c c e l ­
e r a t i o n  p r o c e s s  d ep en d s  p a r t l y  on th e  p r o c e s s  i t s e l f .  D is c u s s io n s  
c o n c e rn in g  v a r io u s  o r i g i n  t h e o r i e s  i n v o lv e  f o u r  s e p a r a t e  p ro b le m s , i e .  
i n j e c t i o n ,  a c c e l e r a t i o n ,  l o c a t i o n  and  s t o r a g e  o f  cosm ic  r a y  p a r t i c l e s .
A l l  o f  them  h av e  to  be a n sw e re d  i n  a  s a t i s f a c t o r y  way by any  th e o r y  
c o n c e rn in g  th e  o r i g i n  o f  cosm ic  r a y s .

Many o r i g i n  t h e o r i e s  h ave  b ee n  p ro p o s e d  and  d i s c u s s e d  d u r in g  
th e  l a s t  30 y e a r s .  The l o c a t i o n  o f  th e  s o u r c e  o f  cosm ic  r a y s  h a s  c a u g h t 
much o f  th e  i n t e r e s t .  T a b le  1 .1  c o n t a i n s  a  l i s t  o f  p a p e r s  on o r i g i n  
t h e o r i e s ,  a r r a n g e d  a c c o r d in g  to  th e  p ro p o s e d  l o c a t i o n  o f  th e  s o u r c e .  The 
t a b l e  h a s  b ee n  c o m p iled  w ith o u t  any  p r e t e n s i o n  o f  c o m p le te n e s s .  I t  h a s  
to  be a c c e p te d  a s  a  f a c t  t h a t  d e s p i t e  30 y e a r s  o f  r e s e a r c h ,  t h e  p ro b lem  
c o n c e rn in g  th e  o r i g i n  o f  cosm ic  r a y s  h a s  n o t  a s  y o t  b ee n  s e t t l e d .



T a b le  ไ 0*1 *
S c i e n t i s t s

I n t e r p l a n e t a r y  an d ^ -so Ja r ^  ' พ ,F.,G. Swann ( 19 33 )
o r i g i n M.A. A u v i l l i e r  ( 193*1)

D.H. Menzed and  พ ,พ , S a l i s b u r y  (19*1o )
R .D . R ic h tm e y e r and  E . T e l l e r  ( 19*19)
H. A lfv e n  (19*+9, 1950 , 195*1, 1959 )

O r ig in  i n  S u p e rn o v ae

U n iv e r s a l  o r i g i n  ( b e t a t r o n  
a cce lera tio n  and  m a g n e tic  
pum ping)

พ, B aade and  F . Zwicky ( 193*1)
D. T e r h a a r  ( 1950)
J . s .  S hk lo w sky  (1 9 5 3 , 195*0
S .A , C o lg a te  and  M.H. Jo h n so n  ( 1960)
ร , A. C o lg a te ,  พ ,H, G ra s b e rg e r  and
R .II. พi t e  ( 1962)
Y. Ono and  3 ,  S a k a s h i t a  ( 1962)
พ .F .G , Swann (195*1-) 
H. A lfv e n  (า 9 5 9 )

O r ig in  i n t e r s t e l l a r  sp a c e E . F erm i (19*1-9)
C .Y . F an  ( 19 5 1 )
V .L . G in z b u rg  ( 1953 )
L . B ierm an  ( 1953)
E , F e rm i ( 195*1)
ร ,  C h a n d ra s e k h a r  and  E , F e rm i(  195*1) 
p ,  M o r r is o n , ร ,  A l b e r t ,  B. R o s s i (  195*i)j 
L . D av is  ( 1956)

I n t e r g a l a c t i c  o r  e x t r a g a l a c t i c  
o r i g i n

L , B ierm an  and  E , Bagge ( 19 *19) 
E , Bagge ( 1950)
E . T e l l e r  ( 195*1)
J ,  H eidm ann ( 1955)
G, C o cco n i ( 1956)
F .  J .M .  F a r le y  ( 1956)

* T a b le  from  A .E , S a n d s tro m , "COSMIC RAY PHYSICS," P 391I 1965



H ow ever, two d i s t i n c t  s o u r c e s  a r e  know n, i . e .  th e  รนท, from  
d i r e c t  o b s e r v a t i o n s ,  an d  th e  s u p e rn o v a e ,  b e c a u s e  o f  a  h ig h  d e g re e  o f  
p r o b a b i l i t y .  As o u r  รนท p ro d u c e s  cosm ic  r a y s  o f  10 to  15 Gev and  a t  r a r  
o c c a s io n s  ev en  more th a n  25 G o v ., su c h  a  p r o d u c t io n  i s  to  be e x p e c te d  
a l s o  from  s i m i l a r  s t a r s *  I t  i s  c o n c e iv a b le  t h a t  i n  e a c h  i n s t a n c e  t h e r e  
e x i s t s  a  c e r t a i n  p r o b a b i l i t y  o f  e s c a p e  o f  p a r t i c l e s  from  th e  im m ed ia te  
v i c i n i t y  o f  th e  s t a r s .  C o n s e q u e n tly ,  t h e r e  w i l l  be p a r t i c l e s  i n  i n t e r ­
s t e l l a r  s p a c e  w h ich  h av e  e n e r g i e s  e x c e e d in g  w hat i s  n ee d e d  f o r  a n  e f f e c t  
t i v e  i n j e c t i o n  i n t o  an  a c c e l e r a t i o n  p r o c e s s .  The i s o t r o p i c  b a la n c e  h as  
to  be a s c r i b e d  to  th e  t im e  o f  s t o r a g e  o f  th e  a c c e l e r a t e d  p a r t i c l e s  a s  
w e l l  a s  th e  num ber o f  s o u r c e s  o f  i n j e c t i o n ,  to  w h ich  th e  s u p e rn o v a e  a l s o  
c o n t r i b u t e .

1 :3  EVIDENCE OF NEUTRONS IN COSMIC RADIATION
N u c le a r  c o l l i s i o n s  p ro d u c e  n o t  o n ly  h ig h - e n e r g y  s e c o n d a ry  

p a r t i c l e s  b u t  a l s o  s u b s t a n t i a l  num bers o f  p r o to n s ,  n e u t r o n s  and 
p a r t i c l e s  w ith  e n e r g i e s  o f  o n ly  th e  o r d e r  o f  m i l l i o n s  o f  e l e c t r o n  v o l t s .  
P ro to n s  and oC p a r t i c l e s  o f  s u c h  low  e n e r g i e s  a r e  v e ry  r a p i d l y  a b s o rb e d  
th r o u g h  i o n i z a t i o n  l o s s e s .  As a  r e s u l t ,  th e y  n e v e r  o c c u r  n a t u r a l l y  i n  
any  g r e a t  a b u n d a n c e . B ut n e u t r o n s ,  o f  c o u r s e ,  do n o t l o s e  e n e rg y  by 
i o n i z a t i o n .  I n  s u c c e s s iv e  c o l l i s i o n s  w ith  n u c l e i ,  th e y  g r a d u a l l y  s lo w  
down and  e v e n t u a l l y  become e a sy  p re y  to  n u c l e a r  a b s o r p t i o n .

N e u tro n s  w ere fo u n d  i n  th e  cosm ic  r a y s  a c c i d e n t a l l y  when 
G o ld sh m it E le a rm o n t ,  M u irh ead  and  o th e r  s c i e n t i s t s  w ere s tu d y in g  s t a r  
p r o d u c t io n  i n  p h o to g ra p h ic  e m u ls io n s  i n  th e  y e a r s  1928 and  1929* And 
l a t e r ,  C o o l, F o w le r ,  s t r e e t  and  S a rd  a l s o  c o n f irm e d  th e  e v id e n c e  o f 
n e u t r o n s  i n  co sm ic  r a y s  by c lo u d  cham ber t e c h n i q u e s .

A f te r  A m ald i and  F erm i ( ^ ,5 )  d i s c o v e r e d  th e  m ethod o f  n e u t r o n  
t h e r m a l i z a t i o n  i n  1936 -  19 3 7> many s c i e n t i s t s  u s e d  v a r io u s  e x p e r im e n ta l  
t e c h n iq u e s  and  w orked  a t  d i f f e r e n t  a l t i t u d e s  t o  m easu re  t h e  n e u t r o n  
i n t e n s i t i e s  o f  cosm ic  r a y s .  Among th e  p h y s i c i s t s  who made im p o r ta n t  
c o n t r i b u t i o n s  to  t h i s  s u b j e c t ,  th e  l e a d in g  o n e s  w ere S e rg e  K o r f f  o f  New 
York U n i v e r s i t y  and  Jo h n  A. S im pson o f  th e  U n i v e r s i t y  o f  C h ic a g o .
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1:*4 NEUTRON MONITOR DEVELOPMENT
,1 0 ,The atmospheric neutrons are detected  by a B F ^-proportional 

counter with e i th e r  the atmosphere as the neutron energy moderating 
medium (fo r slow neutron measurement), or by using a lo c a l condensed 
moderating m ateria l such as p a ra ff in  or carbon surrounding the de tec to r 
(fo r fa s t  neutron measurement). Both methods have been used to  in v e s t i ­
gate the neutron in te n s i ty  since 19 3 6  (*+,5)« But the f i r s t  method has 
d i f f i c u l t i e s  w ith the changes in  a i r  moderator c h a ra c te r is t ic s .  The 
l a t t e r  kind reduces or e lim inates a l l  the d i f f i c u l t i e s  mentioned.

A fter J . c .  Sterns 19 3 8  ( 6 )  had reported  the evidence of 
neutrons in  heavy p a r t ic le  showers, the neutron production in  heavy 
m ateria l was in v es tig a te d  by many s c ie n t i s t s .

Neutrons produced from condensed m ate ria ls  are ca lle d  "Local 
production neutrons". The lo c a l neutron production in  elements i s  a 
function  of atomic weight. The average number of neutrons em itted by 
th is  nuclear d is in te g ra tio n  i s  ca lled  the m u lt ip l ic ity , the r a t io  of 
neutron m u ltip lic ity  from lead  to carbon being about, 8 :1 , was determined 
by V. Tongiorgi in  19*4-9 (7) C.G. Montgomery and A*R. Tobey 1 9 *49( 8 ) .

In  า939> S.A. Koff and พ,E. Danforth (9) introduced the gaseous 
b o ro n -tr if lu o rid e  f i l l e d  neutron coun ters. This b o ro n -tr if lu o rid e  
counter gives high s e n s i t iv i ty  with thermal neutrons.

From the s tu d ies  of S.B. Treiman and W.Fonger in  1 9 5 2  (10) of 
the optimum thickness of the lead producer, J . A .  Simpson in  1 9 5 3  ( 1 1 ) 
designed and constructed  the f i r s t  neutron monitor to  measure the 
in te n s ity -tim e  v a ria tio n  of cosmic ra d ia t io n .

A fter th a t ,  Neher ( 1 2 , 1 3 ) put the p ile  on a balloon while Meyer 
and Simpson (1*4-, 1 5 ) put the p i le  in  an aeroplane to  measure the in te n s i ty  
of cosmic ra d ia tio n  in  the upper atmosphere.
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During the In te rn a tio n a l Geophysical Year (I.G.Y.- from Ju ly  1, 
1957 to  December 31i 1 9 5 8 )» J .A .-Simpson'ร neutron monitor ( 1 6 ) was 
chosen to be the I.G .Y . standard p i le ,  and was constructed  in  many 
s ta tio n s  a l l  over the world to measure the in te n s i ty  v a ria tio n  of cosmic 
ra y s .

In 1 9 5 9 » severa l b o ro n -tr if lu o rid e  p rop o rtion a l counters of 
unusually la rg e  s ize  (6  in . in  diam eter and 60 in .  long) were made, with 
the good performance of these big co u n te rs ,a  s e r ie s  of measurements was 
ca rrie d  out in  1 9 6 0 . In  19 6 1  a t  Deep R iver, S te lje s  and Carmichael b u ilt  
a le a d -p a ra ff in  monitor ( 1 7 ) accommodating 2k big coun ters, and in  1 9 6 2 , 
they t r ie d  to use polyethylene in s tead  of p a ra ff in . The NH-6^ neutron 
monitor sp e c if ic a tio n s  of the lead-polyethylene monitor were sent to 200 
addresses in  30  coun tries  from Chalk River.. The completely constructed 
NH-ô f neutron monitor a t Chalk River Nuclear Laboratory in  1 9 6 ^ ( 1 7 ) by 
C.G. Hatton and H. Carmichael i s  c a lled  "Bp 28  Chalk River Neutron 
Counters."

N o w a d a y s t h e r e  a r e  a lm o s t  o n e  h u n d r e d  n e u t r o n  p i l e s  d i s t r i b u t e d  
a l l  o v e r  t h e  w o r l d .  The s t u d y  o f  c o s m ic  rays i n  T h a i l a n d ,  h o w e v e r  i s  o f  
s p e c i a l  i n t e r e s t ,  b e c a u s e  o f  h i g h  r i g i d i t y  c u t - o f f  i n  t h i s  r e g i o n .
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