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c - 1 I i 2 . i- 1 , i 7 . 7  . . .-; i s  im.iort:~nt to 

know t h e  c ros s  s e c t i o n  of the coherefit p robuct ioa  ac  h i g h  el;ergy hecause 

the  particle product ion  vi3 t h i s  process s e m s  t o  increase with energy,  

while the particle product ion  via m u l t i p a r t i c l e  product ion  procctas a3so  

becomes a p redon jnan t  f e a t u r l  at c h i s  energy. 

k ntnFJer of papers  or, the cot-iel-cnt p r o d u c t i ~ i :  h y  > tons  i n  lover 
r i - z , . ,  -' 

energy regioris have bezn pxb2 is;lcd"" ,IIo~cc-.;c.r, l - i t t lc  is knoian about 

t he  process  a t  v e r y  high energy, i n  pzrticclar, hcr tl-e c r o s s  s e c t i o n  of 

d i s s o c i a t i o n  cf particles by pro tons .  The prodac t i cn  of p a r t i c l e s  by the  

coherent pl-i3ct-ss nay 551 at:tril;,:ilsd t o  Couloc!b d i s s o c i a t i o n  o r  diffraction 

. - di::.saciac<.:,u i n  -..rk2i2:1 t?-ll~_ ,.3 ;.::.r ~ c c - . I ~ , :  17~1.1 c : . I . ~  j 7 . i  th :.T1:~~!.cr2r f i e l d s  . Eowever, 

coi;r:,:ic t:. sc..?a~rstii!n of t:h 2s e .:.:.l 11 !-;'-. ;.:: y .:-.-I ..:.TI t . 1 : ~  t:.xj.::izrlrnent i s  cot possibj-c; 

3s : d i l l  be discussed l a t e r .  Therefore, ';L:esc two processes .:ill be  t r e a t e d  

together  as t h e  cohe rea t  process 51: this article. 

As demonstraced i n  czriier t h e o r e t i c 8 1  s p e ~ u l a t i o i f ~ ~ o n  t h e  p o s s i b i l i t y  

>f the  above p r n c s s s ,  the  c ~ o s s  s e c t i o n  cf che dissociation of part ic1.e~ 

nay b e  p r o p o r t i o n a l  t o  E;, i n  tile case of c l i f f r a c t i c n  dissociation and 

l r o p o r t i o n a l  t o  ZEF? Ln the c ~ s e  of Coti3cr,t; d i s s o c i a t i o n ,  where Ep i:: tne 

i nc iden t  ecergy of the p a r t i c  l r  in c3e Jab system. 

For a pro ton  p r o j e c t i l e ,  t.11-2 final s t a t e  of particles v i a  this 

wocess t yp i ca l - l y  forms an odd nciliber of charged par t ic les  s o  as t o  c.onserbre 

:he i n i t i a l  quantum s t a t e  of  the  particle. The probable r e a c t i o n s  will be: 



0 P + A -% ~ 7 ;  i mnO + A 1 prong 

0 
-b nn + mc3 + A 1 prong 

3 prongs 

5 prongs 

+ +  - + -  
-t nz K Ti r x t- m;r\ A 5 prongs 

etc., where A i s  a target  nucleus t n  its grouc3 state and m = 0, 1, 2 ,  3 . .  . 
We have exposed a small stncl-: of I l f o r d  G5 z?:!ri~ar e ~ u l s i o n  t o  a beam 

4 3, of 200 GeT:!c protons  with a f l u x  of 2.10 pro tons!^:; zc 1 .  By "along- 

the- track" scanning method, 400.3 :peters of proton track ;.:ere scanned anci 

1244 i n t e r a c t i o n s  were found. Out of t h i s ,  22': in te rac t i .ons  were classif ic2 

as r ~ l i 5  t.e s t a r&Jvh ich  c o n s i s t  of mi7 r ~ l a t i v i s t i  c l a r t i c l - a s ,  ercep t i n  ssnr 

cases  the recoil tarset pro ton  c~ppc.3r.s w i t h  ncn-relati- ist tic veloct ty ,  

A s  sc?n in Fig .  1, t h e  m u l t i p l f c i t y  d i s r r i b ~ t ~ - i o n  f o r  these xchi te  s t a r s  

exhibsts  a h i g h  peak a t  n u l t i p l i c i t y  three. The  w h i t e  s t a r s  used i n  F ig .  3 

are only t hose  events ~ i h i c h  have n e i t h e r  an  Auger e l e c t r o n  nor  2 r e c o i l  

nuc leus  (we def ined  a r e c ~ i l  nucletis a s  2 3 g r a i n s  forming a s t u b  o r  a tracf 

a t  the v e r t e x  p o i n t .  Therefore ,  t h e s e  events  cart be cor,sicirred as pra'ton- 

nucleon i n t e r a c t i o n s .  There is no reason f o r  tllc nb:~ndacce of 3--prong 

events rin the mult iparr ic l e  process  in this energjr reg.i-oil. It is known that. 

t l ie average m u l t i p l i c i t y  of t h e  i n t e r a c t i o n ,  due t o  n u l t i p a r t i c l e  p r o d u c t i o ~ :  

p roces s ,  is about 8 a t  t h i s  energy, and t h e  d i s t r i b u t i o n  obeys roughly a 

Poisson tYPc!sldistribufion as shown i n  Fig.  1. This  peak i n  do t t ed  l i n e  

indicates t h a t  a c o n s i d e r a b l e  number of d i s s o c i a t i o n  products  are  y i e lded  

a t  t h i s  energy. 



trc:.ck \:as. not: d:z tec tcd ,  b u t  311 1-tla::.-i.ms w i t k t  2 2-ptor.g f i n a l  s t ? t e s  

icere recorded .  Tnz p r o d u c t i o n  or 2: 5 prongs L i a  ?-;kc coheren t  process 

w w l d  b e  ilr.uch les 
p,a 

than char  of 3 prongs. 3esides,  t he  aultlparcicle 

prodxction process yields ,I great E r a c G c n  a t  > 5 - ~ r c n g  evcnts at this 

energy. Therefore, i n  th-? p r e s e n t  gi-..slysis :.ie .,.;.i.ll deal with 3-prong 

coktcscnt events aaicly 31zrS.th some dt?t.i:;sion of 5-pronz ~ r ~ a c t i o n s .  i a t z r .  

'ii 
Y i t h  the kineaarici.1 c o n s i d c i . : . t i . s k ~  o f  ti:r cr:hni i ! r un  t ic2 of energy 

an< zonenturn of t h e  p roces s , .  ths  E:)l.lo-.ling r e l a t i o n  .is obtaized 
+# 

3 

1 s i n  8 = A -1/3 

i=1 i ( '.t ,ax/, -3 

r:lhc.r-. q,, is t112 ma,: :.,t:i~ long i t t i d i n c l  noinefitum t r a n s f e r  i n  the  process  
., Kl-x: 

.- . and -i:: ::f order of the ; i : l ~ ~ r a c  #:>I: :, it: 1.;2;lius aj- the t ; : r -e .~ t  ~-L:ICI.PLUS, 
- I.. -.i./ 3 

m - h  ; E .  is the space ai-tgj-2 c.i :- : ! ?..-irticl,:? I l l . : .  I:'..nal. state, The 
I ,  1 

above r e l a t i o n  g ives  some measure t.:, :lL-r'fcrent ;.ate ijct;.:een t , r iCe r~ t  r eac t i cn :  

prodaced via the coherent process ar~:l t hose  prc:~.!'iil.is:l v i s  the m t i l t i p a r t  i-cl:: 

p r o d u c t i o n  process. Ic t h e  nuclear e x u l s i o n  .ttz l i z h t e s t  n u c l e u s  i s  carbon 

where d i f  f racticin d i s s o c i a t i o n  mainly x c u r s  ; tile : i~a\f iest  is s i l v e r  where 
3 

Coulomb dissoci .a t i r jn  dominztes, 7hri3, the paranctcr 1 s i n  @ expressed 
i=J i 

i n  tke  r e l a t i o n  (1) becomes 0 . 4 3  :or carbon nuclcaa  and 0 . 2 1  for  s i lver  

nuc leus  as the q p e r  3 i m i t : s .  We se t  0.43 as t h c  x p p r  l i m i t  f o r  the 

criterion of t h e  coherent process. T h i s  c r i t e r i o n  is used for both t h e  

d i f f r a c t i o n  process snd the C O U ~ C J ; ~ ~  pracess since it i s  no t  possible t o  
3 

d i f f e r e n t i a t e  betoeer, the tr:o processes at 1 s i n  9 (a .21 .  
i 

i=l 
Since the space reso:lution in nucl-ear emulsion is very high ,  w e  made 

s n g u l a r  rneasurcnents  o f  all t h e  tracl~:s in the t r ic lent  events and t hus  
3 
1 s i n  0 of individrs;li events  were cvnluated. Out: of 46 t r i d e n t  events, 

i 
i= 1 1 



5 were rejected because t h a  vertc:c war; not c l ~ . c a ;  38 e-:tints fell in the 
3 - 

region of s i n  ji 5 0.43; 3 were > 0 . 4 3 .  Kg t,iking meaacrements oa 
A 1=1 

t h e  s c a t t e r i n g s  of ;I1 the tracks, 13 e-~ents ' . .~ r~re  i d . z n ~ i f i e d  as t h e  t:.pe 

ha-.~it~g an e l e c t r o n  i 3 r : i X  associated w i t t i  proton p r 3 j e c t i l c  which ,-ivc 3 

crcss s e c t i o n  of, %7nh for electron p a i r  pxoducti.>.n a t  this energy. Tl;osr. 

events were removed froin t h e  data. Thus 25 t r i d e n t  2 - ~ e n t s  are a t t r i b u t s t l  
3 - 

t o  the coherent  pi-~;c.-r;a, The  d i s t r i b u t i . c n  of value:; of 1 s i n  O fcr 
i=1 

i 

t h e s e  25 events  is :haan :in Fig. 2. 

Xot a l l  of t h ~ : ; e  25 events arz  necessar- t ly  dc? zo  the  ccrerent 

process as the crici:-cior! gi7res or:ly the  upper  l i r r - i t .  A conta~1ina:ion Zrcic 

-- - 
the  react ion pn -+ p 7 ' 7  fi may be poss ib le .  I f  a l l  of these 25 t r i d s n t s  

are reqoveri from t h e  c l - ~ l t i p l i c i t y  tlistrit..nti.cn stLown in Zig. 1, a d i p  

. - appears at  nultiplic i t? chcc?~:. Ille .70iss:i~ di;: r:'-but ion ci;r-ie an the ;f--: . 

d a t a  i n  F ig .  1 inclil-.: ::.; thrt 2 1  t , idcn t :  t ~ c s ' o i l : ;  1:  :ohcrt-:~t ~ i e i l t s .  

The i n t e r a c t i o n  1 ~ ~ 1 ; .  11 i'~-;- z r l d e r i t  ps-.iiucr io:i -;i,; ,:he coherent: proces:, i ?: 

t h e  present experixietlc t u r n e c  o u ~  t o  lte 

i n  the nuclcar e i n u l s i c r ~ .  I l ~ c  e r ro r s  abovc a n d  i-o .I: &re st:~ti.sti::il 

L.0 , ..,:/ This value czn be conlpared w i t : t  t;:a 1 ~ : . < ~ 1 i c r  - ,:1> t:~i.s;,ci ;n nucle&r 

emulsions for ln;.?er enerz5 2 s .  F' i:;ure 3 s h a t ~ s  t h e  S ntcz i i c t  icn length  of 

t r i d e n t  product ion  by tllc coi:r?r 2nt prozas:; a:; a f u ~ c r j o n  cf iAle p r i i n a q  

energy of the particles. 5ornc:  o f  tile clam f o r  ; ions szal i n  F i g .  3 a r e  

from r c f s .  [1,2,7,123 T;ie d.ltn for :rotons at 200 (.;.Y 1,el.E obtained froin 

the present experiinent. Tlic: errerzy ciepeitdcnce of rlle i n t e r a c t i o n  l e n g t h  

is clearl;' seen, though the trend appears to bt: d i f  f ?rent f o r  t h o s e  ZnJucc:c! 



by pions avcl tlyose ix~Juced by protons.  This clifierence c ~ u l d  be  expected 

because of thc  c l i f f  erence i n  a b s o r p t i o n ,  of th, waves. 

7'0 compare this Interact:ion l eng th  t o  t h o s e  obtzlned i n  orller 

ex;l?rinents, one needs t o  ap2iy a cercair nornalL::ation :.: the . ' , n t t -c~z t io - -  

'lengtil r ~ ~ z r d i n g  t h e  r-xcleus concerned. F i r s t ,  :%!z cxprers i;i:;. i c t e r  actior* 

length ia tc:xs of thz cross sectiorl for the C ~ Q U ~ S ~ Q F  Slnce t h i s  process 

i n - ~ o l v e s  q;zlp the nuclei, we calculated -_he cross  s--ctioc 0:; the f c l l ~ r i i n -  

re3.a l- ion : 

Q7h2re t - ?  :t 1; - '.' 
0 -'I1 

ai 3 is t h e  a m b e r  cl n- lc le i  i n  ;I cub ic  cectime - er end i s  
-. 

-. -, :: .. 
4.637.13~" fo; r i -  I l f o r d  C 2: 1:- k .  1: 2:ilrj 3,- a r e  the 5i::bers of 

5 l ' " - L L  o r~ 
- .  

a11 s t m ;  a2.l -.f hydrogen ? e r  cn3 :If ths ruclear c;x:rslci~. Tho.;, i:o: 

FLY 
cir.rlt:r-, t h e  .r )sr; sect;oi; of t he  c~t lerenr-  prozess s.:r.ms '_o iccr: ase .in 

2 / 3  is 3 pro ;or t lon  ::c i of the t a r g e t  nucleus. 37 t ~ P i n g  'A> = 2/+.56'-' for ~ ; I I  

.:J .:: 4 f C. 29 i : ~ b .  T ' l i s  - b r ~ l l i e .  is  shat.:n i o  F.,F. 4 , t  geth her with thr~s : ,-f 

c t s .  Kle  C:C:SS s e c t i o n  il:cr;,ases relat ively  fa: t r  it:^ :in 

i l ~ L = a s €  i n  t l ~ e  prim:-ry r:nel-gy . As seen in Fig .  4 ,  t i le  rate c ;  the i n c r  .n  

.in ::I13 C ~ G S S  s , ?c t io r  i s  f a s r e r  thac  RnEp and 5.s alrl..sst l iswar to Ep. 

F i v e - p r c ~ g  eT.:cnts pro2uced via the cohereac proccss are not  fulLl:- 

aaalyzed yet .  From ;)art-La1 a n a l y s i s  of 5-pr0r.g everct;, l ie see t h b t  3 ou 
3 

c c r r i  1: .;:?5er of coi~e~::nt tridenrrs wi th in  the s m e  sazriple i.s I-- 
. . 

o a t  cf - _ - I ,  The x o s s  sectioil £01. 5-prong coheyect ?venrs seem:: tc t -  



about  1/4 that of the  3-prong coherent events. Eowever, the statistics 

are not high f o r  5-prom; events, thus furrher tnvestigation j s  n~i3ded 
4 

on t h i s  problem. 
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FIGURE CaPTlOBS 

F . 1 Nult ip! . ic i ty  c l i s  tr:bution o f  proton-nucleon in te rac  r ion:; 

by 200 G s V / c  procons.  Theoretical curve f i t t e d  is a , 

compound Y oissod8.'dis m i b u t i o n .  
3 

Fig .  2 7 . h ~  1 s i n  3 d i s t r i b u t i o n  of t r i i : l z n t  E-,-XICS. 'Ihc vertica.' - i I-] ., 
l i n e  at s i n  Bi= 0.43 in tho UDF-2- 1i:li.c 10: the co11ercnt 

j,=l 

Pig. 3 l n t s r ac t i on  length of 3-prong and 5-2r~~:ig coherei?t events 

as a functiun of primary energy. tiuxbers in the c'i :1:~.2.3 

are references f o r -  the  d a t a  referrect. O u r  results are sh3s;n 

at :;. 

. 4 :!orrca-.:zcrl cross sec t ion  of tt-iclsnc prudtcrinr, 'o:/ t h ~ ;  ccI~cr-?at 
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