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Abunddnces o f  heavy n u c l e i  (2>30) i n  cosmic rays a r z  
s e n s i t i v e  t o  t h e i r  s o u r c e  compos i t ion  and a c c e l e r a t i ~ n  mecha- 
nism, I n  c a s e  t h e  c o m i c  r a y s  o r i s i n a t e  from l o c a l  d i s c r e t e  
s o u r c e s  a t  v a r i o u s  s t a g e s  o f  t h e i r  e v o l u t i o n  and  a s  t h e  sol;r 
system p a s s e s  t h rough  t h e  arm and i n t e r a r m  regior ls  o f  t h e  
g a l a x y  , a t i n e  v a r i a t i o n  i n  f l u x e s  o f  heavy nuc11:F a n 2  t h e i r  
r e l a t i v e  abundances  ma17 be o b s e m a b l e  a t  the earth. 'The n u c l e i  
30,<C<40 a re  main ly  produced i n  r and s p r o c e s s  from s e e 4  n u c l e i  
of t h e  i r o n  group (20<2<28) , The r a t i o  (33<2<403 / ( 2 G <  Z428) 
nay t h e r e f o r e  be a s u i t a b l e  i n d i c a t o r  f o r  i d e n t i f y i n g  nuc leo-  
s y n t h e t i c  IxroceEses  i n  tile s o u r c e  and a c c e l e r a t i ~ n  c h a r a t t e r i -  
s t i c s  of  cosrnic r ays .  

J i t h  t h i s  o b j e c t i v e  i n  view, w e  have  s t u d i e d  t h e  r e l a t i v e  
abundances of  VVH/VE n u c l e i  i n  g a l a c t i c  cosrnic r a y s  a s  a f u n c t i -  
on  of t i m e ,  C l i v i n e  cqst-1s  i r r a d i a t e d  t o  cosmic r a y s  duri r lg  
d i f  f e r c n t  epochs were s e l e c t e d  from 5 va r - i c ty  o f  m e t e o r i t e s  and 
l u n a r  rocks  and d u s t  and w s s e  s t u d i e d  u s i n g  t h e  f o s s i l  t r a c k  
t z c h n i y u e s  c l e v e l ~ p e d  i n  o u r  l a b o r a t o r y .  The l u n a r  rocks  p r o v i d e  
r e c e n t  (0-2 m.y.) i n t e q r a t e d  r e c o r d  whereas  g r a i n s f  rom w e l l  
s t r a t i f i z d  l u n a r  c o r e s ,  which are known to  accumula te  seCluent i -  
a l l y  wi th  t i m e ,  ( 1 , 2 ) ,  Prov4de  sanbles i r r a d i i t e d  t o  b r i e f  spans  
of t i r n e ( e f f c c t i v e 1 y  la5-10 y e a r s )  ova r  t h e  l a s t  c n e  b i l l i o n  
ye;r, Data for t h e  remote p a s t  w e r e  o b t z i n e d  f r o m  t h e  t r a c k -  
r i c h  g r a i n s  of  t h e  meteorite s taroe-Fesynaoe ( 4 )  w!lich might  
ke c h a r a c t e r i s t i c  o f  cosmic r a y  i r r a d i a t i o n  4 .5 b o y .  ago. 
Cumulative long  term duta u p t o  60 m.y. b e f o r e  p r e s e n t  f o r  
m e t e o r i t e  o r h i t s  (1-3 7-.U.) w e r e  o b t a i n e d  from o l i v i n e s  i n  
Patwar  and I t z w i s i s  m e t e o r i t e s .  

I n  t h i s  s t u d y  w e  have c o n f i n e d  t o  cosmic r a y s  of energy  
> 2 0 ~ e V / n  a s  a b o - ~ e  t h i s  energy  t h e  s o l - i r  cosmic r a y  c o n t r i b u t i o n s  
a r e  u n i m p o r t a n t ( 3 ) .  The re fo re ,  s u r f a c e  regi.r?ns o f  samples  
showing s o l a r  f l a r e - f o n t r i b u t i o n ,  a s  i n f e r r e d  by c h a r a c t e r i s t i c  
d e p t h  dependence (x ) were exc luded  from t h i s  s tudy .  

Experimental  t e c h n i q u e s  a r e  s i m i l a r  t o  t h o s e  employed 
e a r l i e r ( 4 )  , O l i v i n e  g r a i n s  w e r e  e t c h e d  u s i n g  WM e t c h  and W H  
t r a c k s  ( l o n g e r  t h a n  2 0  mic rons )  and  VH t r a c k s  ( l o n g e r  t h a n  1 
micron)  w e r e  counted .  S u i t a b l e  c o r r e c t i o n s  for e t c h i n g  e f  f i 
c i e n c y  o f  VH and  WH t r a c k s ,  f o r  e r o s i o n  (assumed t o  be 5x10 
c m /  y ) ,  mean p a t h  l e n g t h  and  d i f f e r e n t  ranges  of  W H  and VFI 
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n u c l e i  have been t aken  i n t o  accoun t (3 )  i n  c a l c u l a t i n g  the 
abundance r a t i o .  

The r e s u l t s  a r e  p resen ted  i n  f i g u r e  1. The s c a t t e r  i s  
somewhat l a r g e r  t h a n  t h e  s t a t i s t i c a l  e r r o r s .  However, it 
can b e  seen t h a t  t h e  r a t i o  (WH/VH) has  remained s i m i l a r  
w i t h i n  a f a c t o r  o f  two o v e r  t h e  whole t i m e  p e r i o d  s tud ied .  
The o b s e r v a t i o n s  sugges t  t h a t  t h e  cosmic ray sources  a r e  
remarkably s i m i l a r  i n  t h e i r  heavy n u c l e i  abundances o r  t h a t  
t h e s e  n u c l e i  spend enough t i m e  i n  t h e  galaxy t o  g e t  w e l l  
homogenised. No d i f f e r e n c e s  between m e t e o r i t e  o r b i t s  ( 1 
t o  3 A.U.) and 1 A.U. a r e  d i s c e r n i b l e  a t  energy)lOO ~ e ~ / n  
where o b s e r v a t i o n s  have been made. 

A s  shown i n  f i g  1, no s i g n i f i c a n t  v a r i a t i o n  i n  W H ~ H  
r a t i o  wi th  energy between 30 t o  2000 ~ e ~ / n  i s  observed, 
a l though a s l i g h t  i n c r e a s e  (50%) a t  50-100 ~ e v / n  is i n d i c a t e d  
f o r  t h e  l a s t  2 m.y. based on o b s e r v a t i o n s  i n  a l u n a r  rock. 
I f  t h i s  i s  suppor ted  by f u r t h e r  observat ions ,  it would imply 
t h a t  t h e  energy s p e c t r a  of  VH and W H  n u c l e i  a r e  d i f f e r e n t  
i n  t h i s  narrow energy range, which may i n  t u r n  r e f l e c t  upon 
a c c e l e r a t i o n  mechanism i n  t h e  source  and modulation i n  t h e  
i n t e r p l a n e t a r y  space. I n  t h i s  c o n t e x t  it sh_guld b e  noted 
t h a t  t h e  s o l a r  a b u n d a n c e o f ~ ~ ~ f i ~ i s  2 . 1  x 10 whereas i n  
t h e  s o l a r  cosmic rays  due mainly 30 t h e  f l a r e  a c c e l e r a t i o n  
mechanism, v a l u e s  up to  13.4 x 10- have been observed(  3) . 

The measurements a r e  ve ry  s e n s i t i v e  t o  t h e  abundance 
of Zinc ( Z  = 301, which i s  t h e  most abundant n u c l e i  i n  
t h e  WH group. The r e l a t i v e  abundance of t h e s e  nuc le i ,  
VVH/VH i s  more t h a n  a f a c t o r  of f o u r  lower i n  r- rocess  
than  t l m t  expected i n  t h e  s-process s y n t h e s i s  (57. The 
observed d a t a  a r e  d i scussed  i n  l i g h t  of t h e  v a r i o u s  

of o r i g i n  of cosmic r a y s  i n  Supernovae and massive 
s t a r s ( 6 ,  7) . 
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Observed abundance r a t i o  of Z>20 r e l a t i v e  to  Z)20 n u c l e i  
i n  cosmic rays i n  t h e  p a s t .  The b a r  on each p o i n t  r e p r e s e n t s  
t h e  t ime span o v e r  which t h e  sample w a s  i r r a d i a t e d  t o  g a l a c t i c  
cosmic rays. The t y p i c a l  e r r o r  on each r a t i o  i s  + 20%. The 
i r r a d i a t i o n  t i m e  f o r  l u n a r  d u s t  i s  model dependen t ( l )  and c o ~ i l d  
have e r r o r s  of + 20:, i n c r e a s i n g  cuniulat ively i n  t h e  p a s t .  The 
oFen p o i n t s  rep?esent d a t a  a t  h igh  enerqy (E = 0.2 t o  2 ~ e ' ~ / n )  
a n d  t h e  f i l l e d  p o i n t s  a t  5nergy 0.03 t o  0.2 B e ~ / n .  The r a t i o  
~ w V ~ ~ / ' l ' ~  seems t o  be energy independent  wi th in  a f a c t o r  of two i n  
t h i s  range. 
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