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s o ;  j d  s t a x e  - , - - ? P ~ ,  L~ 0 . ~ 1 ,  Q ~ L ~ C ' ; Q ~ S  ia.'-- such 2s  mi^< 3 ~ , &  

i o n < z a t i o r :  excezds  a c r i - i i c a ?  v a ?  ue tc'ill h s ~ j e  ~ h ? ? :  r > - - L  ,>Is L a t  

r e v ~ h l e d  as a t r a c k  by a n  approp;--iiizc checi~icai s.;ch"iLg 

p;-ocedui-e F o r  t h i s  r e a s o n ,  i i ~ h t  i o n s  s u c k c s  ;PO-  

t o c s ,  o: ;3ar ' i - ;cIes ,  o r  axyge,? i o n s ,  d o  n o t  d f r ec ' c i ;~  ;ii-0- 

duce t r z c ! < s  i n  mica c r y s t a i s .  Sowever,  when t h e s e  : ? C J T ~ :  

i o n s  i ne:eificct wixh hecv i  el- n u c l 2 i ,  -the r e a c t i o n  2rodkcc .s  

t h u ' s  p:fioduced rnzy be heavy enough - to  p:~ocluce s h o r - i  " a f b  q - " r - * -  L.. 

7 . 3 , 4 )  a c t i o n  - t r acks ( "  
* - I n  t h e  presen-2 work we have sxud ied  t h e  g e 3 r * , ? t r ; z z :  

a c t i o n  -l;rzicks produced by p r o t o n s  a n d  a p a ! - t i c l ~ s  < - I  3 - i ; : ~  

a n d  a l s o  i n  m i n e r a l s  which a r e  found i n  n 2 t e o r i t e s  c r  
-- wh?;ch a r e  i ? ' k e I y  xo be f o u n d  i n  l u n a r  rnaeet- ia ls .  i , ? e  e l ~ -  

e?g& a n d  t h e  f l u x e s  of t h e  ion  weine chos2n t o  ~ - i i a u ' ~ t e  - e x -  

posures  o f  > l o 3  y e a r s  i n  t h e  i j g h :  conponent  of r h ?  s o l i r  

- f l a r e  cosmic r a y s .  This  s t u d y  i s  t h e  f i r s t  p a r t  o f '  2 

g e n e r a ?  s u r v e y  w h i c h  s h o u l d  h e l p  - to p r e d i c t  t h e  chzr i i . c "ce r -  

i s t i c s  of t h e  t r a c k  d f s ' c r i b u l i o n  t h a d ;  can be expec=czd f;-c;; 

a n  exposure  of ne -Leor t e i c  o r  lui?a:* n:ater-iaSs to s o ;  ii- ~ 0 ~ ; i i ; ~  

r a y s .  

EXPERIMENTAL Y E C H N  I Q U i  AR9 RESULTS 

,-" S f n g l e  c r y s t a l s  of each of m j n e r a i ~  pjere - ; a  ,ps-: 



; :L?2;e-j  ;,I 2 fu r -nccs  du ; - - j ; rg  8 ; ; c ~ r s  a;; ~ i - f f ~ ; o , c \ ? ;  ;-,;? oz-. 

c u r e s  (620" -for t h e  mcscov i i e  i z t , ~ ? ! e s ,  800'~ f o r  ":;c 
r 

;ypc-s.chcfie, ens ;a-;-j -ce, d i  ops f  d c  h o s - ~ h '  r l n u  ead2 C>-JJS t ~ ;  5 ; 1 C X " ;  
3 

For -- 
. - 

b:l,a c T j i  :e c r y s t a l s ) ,  i:, ora2iP -co an i?ea?  c?~,y f35s; , 

t , -z .c!;s  7rzsen-c  ";I -the sznp i  2 s .  S e v e r a l  f r e shTy  c:?;liec 3 A 

f ;*cccurad s u ; - f a c e s  0-f each fi3j,7eip27 ~ ; z ; ~ e  tne;? hesb,: 2 ~ c * , G  

l i i  ' ~ h  t h e  s o l  i l t i  o;i used to r s v e z l  -the i n ' i e r a c t i  CJL L *:'c,cs ; 

a b z c ; c g r o u n c i  densi.Ly o f  l a r ~ e  a.:ch p";'i;s, r a n g i n g  u3'' 
6 2 'co IO /tin were - F O G I ~ ~  o n  a 7 i  t k z  ssu's-Faces, 

- . . 
i hose s ~ i r i a c e s  co:ri-car a ; n g  xhe lowesc b a c k c j r c s z c  pic 

2 cle;?sf c i e s  (< TOT/cn~ ) were xihen s e ;  e c t e d  a n d  cove , - 3 "  ,,, t:< tc 

Zn, A i d )  a n d  i r r a d l : a . ~ e d  wi th  p r o t o n s  of 7 1  !fell or, w j - ~ h  cx 

1 5  3 p a r t i c l e s  o f  30 MeV, wi;;h ma;tir$um dases  o f  10  p/cr;;- a n d  

were  changed by cover-i n g  -ihe co;-iver;;eips wi th  R U S C C V - ~  :e 

f o i  1s  o f  dif-fe:penl t h i c ~ n e s s e s .  The reduced e n e r g ' s s  

were c a l c u : a i e d  from t h e  r c n g e  energy  t a b l e s  of  Ksnte 2 ~ d  

( 5 )  8el7 tor1 

A f t e r  t h e  j r r a d j  a t j  a'* , I ,  s o ~ e  o f  t h e  c r y s t a r s  pisre 

0 -" t a t  d i f f e r e n t  tempera-cures v a r y - i r l g  from 3 0 0 ~ ~  t o  9CG z ,  1 2 ;  

s a n p ; e s  were a1  1 e t c h e d  a t  r o o m  t e r n p e r a t ~ : ~ e  2s fo9 i o i ! ~ :  

I .  muscovi te  a n d  h y y ~ r s - ~ ! ~ ~ ~ ~ ~ e :  1 h o u r  Z n  HF (48%: ; 2 ,  : ~ c ? ~ ? -  

'-301 1 h:ende: 1 0  x i n c t e s  i n  2 r n t x ; c r z  m z d s  o f  2 pa res  A F  ;+a,*, , 

i par t  S04.H2 (80%) e n d  4 p a r t s  o f  w a t e r ;  3 .  ens-cat-i ;$: 



2 :ours  i c  'tne s a m ?  s o l u . t i o n ;  4. a : j i - t z :  2 r n - i nu - ;~s  1 2  ,:c 

s c z ~  S Q T U G ~ Q ; ~ ;  5 ,  ] & b r a d o y $ t e :  30 S ~ C O O ~ S  ifi "C,>E s a y 2  s,:,- 

. ; < O I I ;  6, c i o p s i d e  a n d  a ~ s i t e :  3 0  3 f n u t e s  i n  ; : ;s  s;::e sc'ii- 

.L . 
~ i O i ? ,  

A-Ftsr t h e  e t c b ; n g ,  yz f a ~ n d  t h z t  some of -c?e s u , - ~ ' e c ~ s  

i h z t  h c d  bee*? i n  c o n - c ~ c t  with ,:he c o c v e r t e r  - fa i : s  J , : - L C ;  ;:, 

i ; a r ed la ' i i o :  were covered  wi th  s n a l l  p-irs whose s ;:e;;-  

! y  axceedsd  chose of t h e  backg;-ound p i t s .  A? t / ; a d g ; ?  ; h z s ?  

p i t s  p i h i  cj; we uj 7 1 c s i  " j n - i e r i c t j o n  t r i c k s i ' ,  ~ q e - a  ~ L s ~ , - \ J ~ c  

!iii ;h both a f i  o p t i c a l  microscope  and i s t e r e o - s c ' a n  . r i e c ; - a i  

n i c r o s c o p e  ( f i g u r e s  ! end 2 ) ,  t h e  f o l l o w i n g  p r i ~ c - h a l  2 3 -  

s e r v a t l o n s  were made wi th  t h e  op ' i i ca l  mic roscops :  

1 The o i r r a d i a t e d  szinpl es  a i  rniiscovi t e ,  h ~ r n b :  c ~ c r ,  

21 b i t e ,  d i o p s i d e ,  and a s g i t e  c o n t a i n e d  a c e c s d - a b ; e  

d e n s i t y  o f  i n ' c e 1 ~ -  I cc tdon  *c;oacks. The r z z e  o f  av*accc:f c ?  
-- - - *  was h i g h e s t  i n  a l b i t e  and :owes t  i n  a u g i z e  ( s e e  l t u , e  i , .  

Tb,e o t h s r  m i n e r a l s  d i d  n o t  show a a ieasureb;e  i n c r e a s ~  

a c "!- ~ e r  i r r a d i a t i o n .  

2 .  The g r o t o n s  produced n o  nieasuiAabT defisi-iy 05 

p i t s  e x c e p t  in  @he muscovi.te p l u s  rnuscsv?c2 c a z -  

v e r z e r  where t h e  d e n s i t y  o f  p ro ton  induced p -  -LS .vas 

lower  t h a n  t h a t  produced by a  f l u x  o f  a p z r "  I.. , c ?  es  

w i l l  speak  o n l y  o f  a S n t e r a c t i s n  t r a c k s ,  

3 .  For " '  b n ?  saaac energy  of t h e  i n c i d s n t  a pa:-.:; e ciss - 

i n  t h e  mica.,  t h e  i n r e r a c ; i o n  t r a c k  r a t e  prsdcc ; - ia r ,  



"-, -. 
nax incx  vaShe -,'o:~ t h e  Al c c n v e r t e y  ( - 2  s :(j " 1 ,  h e , :  

i s  i : e g l 5 ~ i b l e  -;or rhe  S G ~  d ;o ;zver rer  (--Io'~' i 

. - 4 .  r in&;-eases  w i ~ i :  .t;:l; -7; L ! ~  0-7 Q p2r.i: c i i i s  G , ~ : c  
a 

Q ~ ~ . - Q ~  , - , ses  w - i t h  a d e c r e a s e  " '[;he inc7ccr:-c. . , cc,c:i;~ 

(ff g u ; ~ e  3 ) ,  ($-he z y ~ c k  dezsj-i- "y ~ J s o  d e c ; * e c s ~ s  ~:f j - t I -  

i n c r a c s i n s  a n n e a l i n g  -ta~pera.:uipe ( f S g u r c  4.)), 
- 

5. i k ?  maximum dep ta  of che e t c h  p f  t s  s b s e ~ r v e d  f 2 

t h e  muscovi te  and i n  t h e  5ornb lende  s a m p l ~ s  \ / a s  0 - 5  

rnj c i -o i~s .  
d 

6 .  I n  muscovi te  .the a jnte-pac-:"o - t racks  a p e  L ! f i lAC8: 

l e s s  thermal  I y  s t a b ?  e Lb,a t7  f L s s i o n  F r a g r n e n x  , r z c x s  G -  

hoionblende f o r  F i s s i o n  Fragment t r a c k s  a n d  3 n t e r c i c - ~ <  c:, 

t r a c k s  ( f i g u r e  4 ) .  

ORIGIN C F  THE E T C H  PITS 

I n  ar: a c c e ' i e r a l o r  t h e y ?  -Is &:ways some p o s s i ~ i l 5  ;,I 

 hat heavy i o n s  , c a p s b l  e o f  r e g ?  s - ~ e r i  n~ tieac!;s , caf i  a e  - - e s  t: ; P 

- - "  2s a  beam cenzaminan t .  Such p a r - L i c l e s ,  i f  p r e s e n t  i~ s ~ ~ ; : l -  

c-E'ei3-t ;?uii?ber, cou? d expl  ail? t h e  s b s e r v e d  r a t e  o- i  .t~*c.c; ?:-:- 

d c c t i o n  and t h e  l i n e a r  i n c r e a s e  o f  e r ack  densf,y w i c ~  ~ a s ? .  

Kowevsr, t h e  !pes~dits  of  tine conver-cei. expc:rimenes ~ ; - G P J  C ; ? Z F -  

i y  x h a t  such becm c o n t ~ m i i ~ a n - L s  c ~ e  no.: j n  f a c t  p r e s > - - -  b I j  X - 
" - 1-f tb,"e e n e r s y  of hypo the - t i ca l  con tan ina l ; t  ?al-.-i: c i 2 s  

were icw e n o u g h  t o  p;nociuce t;-..azks d i r e c - t l , y ,  .c.i-,zi --ihe d s r s l  LJ 



n e i t h e r  t i le ? : a s - t i c  nor  t h e  g o ? d  csnverze:-s  g a v e  a:,:/~ihz:-a 

~ e a : ~  tj7e sa--- ,i,r dens.; ty of t:-acks 2s ehe Al arid m-i c a  cca?:.e*--:e r s  , 

A d l i t i ~ i l a ?  argbmen-:s c a n  we b r ~ ~ g h ~ i :  t o  be8in i;o s ! -c  I 

-chat con taminan t  p a r t i c l 2 s  a:Oe r e s p o n s i b l e  -?or . L ; - I ~  a b -  

s e r v e d  e f f e c t s .  As a d d i ~ c ' o n a ?  il l  a b s o r b e r  i s  a a l e c ;  cp- 

sxream f r o m  t h e  mica d 2 t e c t o r  t h e  r ~ t e  of -crack p ; f l ~ c ~ c ; i a : #  

i s  obse:-ved t o  d-irninish a s  t h e  energy  of t h e  oomssr;i,-rg 

a l p h z s  d e c r e e s e s .  However, 6 measc rak le  t r a c k  p r o d ; z * ~ i ~ i ;  

"'. 7 
3 

b a t e  -Is obseipved -to o c c u r  f o r  -thici<,aesses es  g:nez"Ls 7 2  rSiC ; I ,  

From pubiSshed d a t a  o n  che p a r t i c l e  r e g i ~ - c . ! ~ a i S a c  

c h a r a c t e r i  s t; cs of m i  ca , we e s l j  mete - c h a t  neon < s  .& \  L*;L a T i ~ c i ; " i c s  L 
- p a r z i  c7e t h c t  WI l 'i r e g i s x e r  a t r a c k .  I o pe~?e"ira,e -cne 

7G mg/cmL o f  a b s o r b e r  where t r a c k s  e r e  s t i l l  o J s z r v e c  ;o 'sr- Ihl 

I i l  2 a neon ion  w o u l d  have t o  have a 2  ene:pgy of  1 5  Mevj 'a,:; ,  , , 

k n o w  o f  n o  way t o  producs such 2 p a r t i c l e  i n  o u r  cyclo.c:-c:,  



- .  i 7ypa the s j s  -chaz t h e  obse rved  -L:-zcks e r e  p r o d u c e d  by ,-eco; . -  

f i ~ y  , :uclef  ,-esu:.cing -f;nom & : ~ h a  p a r z i c l e  f:q"irzc.ti;.-is < n  ; , -e  

co t -~ve rze r  n a t e ; - i a l .  R2coi l s  produced by zith?~ ~ i c s z : c  3~ 

+nc ias . i ; i c  p r o c s s s e s  w i X  l o  i n  ,he f o r w a r d  d i r e c : ? ; o , - , ,  S n  
. . a s2si:pie t h a t  has n o  ~ ~ i - ~ v e : ~ ' t . e r  ovein 7 - L ,  o n l y  -::lose :r;c i ;s  

produced i n  t h e  f i r s t  a z o n i c  l a y e r s  w i i :  f n t e r s e c - ;  .CAE s d - " - - -  C+ .".. c 

T - a n d  hence be rewe'aied by t h e  ch?mica9 etching*. & , ,  c ~ ~ ? - ~ y - a s - ; ,  
. , *  wl ;ln a c o n v e r t e r  ups t ream a l ?  .the par - t i  c l  e s  e;rii t - ; r3  ' 2  k h e  

-Forward d i r e c - t i o n  f r o n  t h e  conveir;;eiP w i 7 1  ciross t , ~ ?  S ~ ~ - ' L C Z  

-- - of t h e  mica a n d  wi 7i be  r ev2a :ab Ie  by e t c h i n g .  19;s e ~ > ; a - ~  t7s 

2- ~ r i ~  'i a dr+&rnztic i n c r e a s e  i n  t:.ack d e n s i t y  w h e n  a n  A; ce,:ve,-.-- - 
L C ,  

i s  u sed .  

The v a r - i a t i o n  o f  t h e  obse rved  t r a c k  d c n s ? t y  w i - ~ ~  

djfl 'ereua"iot7nveteips i s  a l s o  e a s i  l y  expl  ai.ned. T n e  a J s e  ; c e  

of many t r a c k s  i n  t h e  c a s e  c f  t h e  p i z s t i c  c o n v e r t e r  h scde * - -  L. L 

.;;of j -f ."' ~17ei-e -is 6 genera :  rernirval o f  s u r f a c e  xzce,-: t i  . - 

by t h e  e t c h a n t  t h i s  st&-tenen-:  i s  n o  l o n g e r  z r u e .  P,: "n,cres.;-ns 

8 "  ,." t r a c k  densi-ties o n  t h e  ups-:reax s u r f a c e  f o 9  Tow<ng c;-:-:?renr 



,ql<70wgh j.t -is S i t ,  -' . ., 
. , , , ,,e : y t h 2 . t  /-~o.i-/7 F",S t j  c 2 n d  "n;? i $ S ; C - ;  - i. 

. ,. 

nut; p r o c e s s e s  sine r e s p o n s i b ]  f o I n  rh $1 p h a - i i 3 t e l - ? , - - - - ;  id L. -.+ h ,- .J 3 

4- b n U c k s ,  W% a t h e r e  i s  soi-17;ie e v i d e n c e  ";at  " '  
- tile i n e ?  &St; c P r O C i t S S L ? S  

&re don- i f i s f i t .  11; i g ~ r f  3 ,  shop: tl?e enrciv d.pe;d;r,ca 
J J  

9-f t:,.. p i r o d c ~ t j  ofi *r-$.'- i a ~ e  ii? fl m i c a  4 mjca collve--:er zx- 
- periment. 1 ;he exii t a t i o n  - func t ion  drops  S-LeepIy wi - i h  r ? i ; - ? ~ s -  

7 ; i , g  e n e r g y  i n d i c a t i n g  2 . t k i r e s h o ] d  e n e r g y  sf 6 b$eV. 
L.. , cc -c  

t h i s  i s  c l o s e  .to t h e  C o u j o i n j  i e i - r j e r  (5.6 MeV) s ; s ~ ~ . ; s  

. ,  t h a t  t h e  iliast of s h e  a ] p + a  ?nceractjofi t r a c k s  a r e  p r g d ~ c e o  

' 2  j ~ . : : a s t ; c  c-]]-isjay,3. ;I!:'. ,- 65 . w j - ~ ,  i d  ilu;:ear c r o s s - s e c t j c c  a ?  
- .  

. i ~ ~ 3 ;  for che ;J. :,id;; , p 2 : i - ac t jon  I, , ; t i  i s  .?;o 

consistent w - i - t h  t h i s  c b ~ f ! ~ ~ 5 ~ s j .  

S o l z ?  cosmic iflays p r o v i d e  i n  a b u n d i n t  s o u r c e  07 i 1 ; i ;  



- 7 " '  * ,  p ~ ; l i  i i c , ? s  o-T -c,;e erie;-sics -c; le" i$fe ;?&ve used : l e r : .  , , B J J  k 

'L:;c.c h ~ s  bees,  s i i b j e c t e d  s o : a r  cosmic ;rays mzy tlC;,s ~ j e  2 , ; -  

pec .ce6  t o  c o n - c a t  n a i n t 2 y a c t i o n  . ; ; racxs.  [+owever -;*?c ; z c , c -  

\- b s  -, .L . I - 
k t  G L - I  a n  d z p - c h  o;' s o l a r  cosmic r q i s  i s  vei-1 srna.71 \< . ; 

.-b L , , & s  a w e  6 -- r o ~ e  0 2 : y  sai;:ipl es  -;;hat hav? b s z f i  exposed d"-- - "  .- - 
L L '. r ;' 4.4 

'i;l?e +hi;" ) n ~ d i 3 3 ; 1 3 9  w f . i ; h  v ~ ~ y  7";k-tie -in-;ervef;ifig : ;~ , . , , e - ,  

w i l l  shop; t h e s e  t r s c k s .  
- ! h e r e  a r e  a t  l e a s t  e h r e e  s o u r c e s  o f  sdch S ~ I I I ? ; L S  j,.: 

, " ia ture:  ( a )  a a ' t e r j a l s  -frojn t h r .  s u r - F s ~ e  of a i r j e s s  2 , a i : s : s  

such as  t h e  m o o n ;  ( b )  interplsne-kainy d u s t  g r a i n s ;  i$:a ( c !  

. " i r , d i v i d u a I  me-ceoi-i t i c  g r a i n s  t h a t  were exposed -ic c 3:A::;i- - - -  u ! z 

i I" i a d i a t i  I on & s  sma;S g r a i n s ,  beYore be ing  ince rporc - ; sc  < !czc  

t h e  l a r g e r  i~ieteo1~7. t-i c b o d y  ( 5 , 7 , 8 )  

S u c h  samples  w i l l  a l s o  c o n t a i n  t r z c k s  f r oa  sc" ,3 :  w l , ; ~  

p z r t i c l e s *  artd from g a l a c t i c  cosmic r c y s .  Any so;aip d i a d  

0 t r a c k s  w i l l  b e  e x - t r e n e l y  s h o r t  (-iOOA ) ,  t h e y  wi ; i  b e  02s- 

lecmi;ed fn t h e  -ice31 3 o w i n g  d i s c u s s i  371. The gal  a c t ? ;  c  cos;n; z 
* .  - - 7 -1 

r a y  c o i ? t r i b u t i o n  has been d i s c u s s e d  i n  a s e r i e s  of p a : l ? , - s '  ' ' ' k l e  

For samples  a t  d e p t h s  g r e a t e r  t h a n  a few mn t h i s  s o ~ ; ~ : e  cf 

t r a c k s  w i i l p r e d o m i n a l e .  E-Ioweve)~~ S O ~ Z ; I P  cosmic r a y s  ~ , - e  n l L c h i  

 ore a b c n d a n t  .than g a l  ac2 i  c  cosrni c r ays  a n d  g r o v i  d ?  ,;2 ;,:&<;I 

s o u r c e  of t ;pzc /<s i n  a  s u r f a c e  s a , ~ p l e .  
-- 
:7- - j7  , :- ,, { ) a s  n o t  y e t  been v e r i f i e d  zx;seipinentd77y DG-i -t,-,e-i i 2 X -  

i s  t e n c e  i s  i n f e r r e d  from -t:he observZ;.tio;3 .t.ha-c E - S C O ~  i 2;ja;;s 

acconpanyi'rrg decay o f  U a n d  g i v e s  ;--ise t r a c i c s  ( 5  ,T3 )  
3 

%- , v 2 l o c i t y  c-; - these p a r z i c l e s  i s  s i n i i  a r  to " " - -  L , : c ~  ~1:' "i,i2 

s o l a r  w,ic-ind. 



" "  - 
, n ~  ,,,, ,I g r a i n  exr,ose; xi? s o l a r  cosr i ic  :?yi: ; . I ,  A - . - - s * n -  

con-ca-i n z \ i o  E<i K C / S  0-f tracEts : ( a )  2 ~~~~~~~~~~i p r o d o  e;sd 

i j ; ;  ?a;--jj7;c;es such 2s j  on that a y e  c a p ~ b l e  of T ^-- L g  i 5 < f i l m -  *I: 

.i I R  7 ... f, 
U i i L :  b .  G 1 8 \ ~  d i r e c t ? y  a n d  ( b )  a coapo;ic;i-i  hat 2:-Sscs . f r~>-;  ' - - -  

- < i !?.ce:fir?c.c,f o n  of . a5 r ; : nde~ i -~  n : 3;;-c s o l a r  cosrni c  r a y s  1.:'; c'; i : e  

c9ns.c-l i ;uents jf t h e  g:-aj;ne I n  spl; te o f  -tfi.,e;- v z r l :  -lL ,,I 

t h a r :  : i  g i ~ t  p6r.L-i c ' e s ,  t h e  p r o p o r z s  o n  of t r a c k s  t.?;; i a r c .  

produced by i ;3- te rac- t ion  e v e n t s  i n c r e a s e s  . w i t h  i n c i - e c s <  2: 

d e p t h  i n  t h e  g r a i n .  

Fro8  c2-I cu'la.tioi?s . t h a t  w i " t  be d e s c r i b e d  Zra n o r e  c ? -  

r a i l  e l s e w h e r e ,  we e s c i ~ a t e  t h a t  ,he j n t ~ r a c t h o n  - ; r ~ z x s  JL-": 

becorn2 eas- i ;y  measurab7e a t  5 dep-:k of 10OV  fro:^^ ari S ~ T ~ C . ~ - . Z L ~ C  

. - c r y s t a l  \whose s e n s i t i v i t y  f o r  p ;eoduc- ; ion was eqt r ;vc  :zn: Yo 

Satioins w e  t o o k  t h e  i n t e g r a l  energy  spec t rum o f  s o i 2 ' -  css-;. :: 

-a: , ( : 3 , 1 4 )  -. - - r a y s  a s  N ( E )  = @ E  ~ " 1 9  a = 3 . i h e  abuf i ls ; ,ce 9 -  E e ? ~ " i t s  

was assumed to be i d e n t i c a l  -LO t h e  p h o t o s p h e r i c  sbu?;z;;cs 

measured i n  -?he s u n .  

8, 3 f ;3 -. P i m o b a b l y   he nos-: s ' c r f  k < n g  and n o s t  d i  agilss.;: c eF l "3c- -  

d u c e l  5y s o l a r  c o s a j c  r a y s  i s  *:he very  r a p ?  z e t t e n ~ a . c j  3.;  i: j .;; 

dep-ch of r a t h e r  l a r g e  t r a c k s  (-I@) prodcczd by e7r ; i r i ; u : . l f  
-- 8 - - ;.eg-istersd pari;-ic '&es such z s  Fe. r,.ie impcr l a ; i ce  c ; f  t;f; Z - ; L C i  

- -. h a s  a: r e a d y  been p o i n t ~ d  o u t  by 2e i l e s  E ? t  21 ( 7 1  * - .  
u h 4 b  LJ i  b - L y  -- :: 

-('I c;,,,,jer3 t h e  s t u d y  o f  -,-ha j ;qterac; ion -crac:<s K i j  2 - 5 2  a - 



~ 8 : ;  bit.'. -, L L c r= i7 IJ s e f Q 3 -j - irj T ,. 0 .̂ '..I 2 -,- . ~ , -I o r ; .  A p a r t  f :--om 
> 

. , . . -cne ex; s c e n c e  of 8 so:  a;* ~ ~ s n l j  c ; ^ ~ , y  -3 ;ry,z~dj 2.L' a 0 i*; -:; . . ;; 2 ; r, -; 2 y - 

, i, j a ; $ -r; .y " -.- .-\ .L -: - >- ~~~~j~~~ -:racks cz f i  b e  u s e d  .ko 0 b . t a f n  a d d ; - +  # L I .  t i ! ~ :  k, u l ~  

a b c u . t  A:.. 6,- ;-.L.:? 1 l e d  2 ; - r a t j a - t <  o n  h j s .Loyy  0.; - i n d i v f  a ~ L L '  Z ~ P "  b& , ;-, s * 

- 
i 122 ";;-ac!< b c n s j  .ky .i;j?a-t i s  o b s e ; p ~ ~ @ d  any g ; - a j n  .is 2 fs;-c-;;-l;;; , - 

'ne e x p o s u r ?  - t- i~;re,  -the e n e r g y  spec-;;:oum 0-f 50:  s.,rA : G S : ; ' . ~  0 S " ' 

" ~ l - a y s ,  2nd d e p t h  be]o\,d t h e  - L y u z  suinface 2.: 2,i;q: c,: z"; :.!-;it-, 
" 

was j : * r a d f  a t e d .  Sscause  t h e  v 2 r i a i ; j o n  w j M  i.,dep.tb; ;s 

. "  . * ; - a p j d  f o r  t h e  Fe t r a c k s  .;ha,r; T o r  -i;k12 j n Q e r ~ c + ; - ~ . ; : ~  6 1 - , - r 8 , ~  
La A W # \ 3  > 

\:! e b a i j e v e  &l2-l: f t  n~ay  b e  j 3 0 5 ~ j ; 3 ? ~  i~ s e p z r z ~ e  oi;.;; --!;c . . - , I -  
u .. ., 

p a  " ? l ^ C , "  :" .* , . cl,,lcLe:*s 0 - f  2 x p a s u r e  t j m e  2 n d  b i i r i a l  d e p t h  3 2 1  o:,; t > b s  Lii: 

su:-.face by s t c - j ydng  t h e  - k k ~ o  t y p 2 s  of - - . - ' - - I  ir c ~ ~ s  -,- 1 fi.is t - . ; > i ~ a ?  5 55 

p a r t i  cu l  2-3 i j  , ? m p o r t a n t  $ 3  -;he c a s e  of Iwsar sai;;;sj 2 5  v j 1 - 2 - -  
: i L ,  i is: 

. " f j q d j v i d ~ a 1  9 r s j n s  may h a v e  s u f f e r 2 6  a compi-jca-i-ed n-;s , - j ;*>:  
J 

a s  a k e s u I 0 - r  " ' g a r d e n i n g "  0-f -ti;? ] u n a ) f i  s u r f a c e ,  2 : " : : -  

rii2 L t e  A promise o f  t h i s  WO,..'. , be a d e t a i l e d  r o - - + -  - 
L L i i h  m 2-i- .c~:e 

9 2 s ' ~  h i s t o r y  of s o l a r  cosmic  r a y s  ai;d h e n c e ,  of iks - -  9 ~ ~ :  

ac-cfvj- ty o f  t h e  s u n .  
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r j ~ u i - e  3 .  V e r j - - t j o n  o f  i;he i o . ; e ~ s c t - j o n  - I - - - !  
Lb C l L t <  ?-Ci.;E ? ? a -  

. * d u t t i a 1 :  2s a i u a ; ; i o n  0;; i l ia  e,?e-gy of i l ~ e  a p 2 s  ;: 

s z z p l e s  of h o ! * n o l e ~ t e .  
/ 

F i g u r e  4 .  Annealing curve  of a i : - c e r ac t i on  t r a c k s  a r , d  

f i s s i o n  fracjmenx t r z c k s  i n  ho rnb lende .  










