
DIFFRACTIVE FRAGMENTATION IN HIGH ENERGY PHOTON REACTIONS 

D .  FRIES 

I n t rodu c t i on 

I would l i k e  t o  d i s c u s s  t h e  subj e c t  of my t a lk in t h r e e  p ar t s ; 

I i n t end : 

1 . )  t o  r e v i e w  s ome a s p e c t s of i n e l a s t i c  � e a c t i o n s  

2 . ) 

i n  gener a l , and of d i ffra c t i v e  i Y 1 e l ri s t i c  r e a c t i o n ,; 

in part i c ular . 

"' 
t o  p r e s ent e x p e r iment a l  e v i d e n c e  for a f s i gnal 

i n  i n e l a s t i c  pho t o n  r e a c t i o n s  wh i c h h e>. s  a s i m i J a r  

ener gy d e p e nd e n c e  b e tw e e n  4 and 1 8  G eV 0 s  tl, ·� 
d i f fr a c t i v e  " e l a s t i c "  5; p h o t o  orodu c t i o n . 

3 . )  t o  d i s c u s s  n om e  r e l evant mod e l s  v;h i c h  me-y p r c. v i d e  

an e x p l anat i o n  o f  t h e  e ff e c t . 



Exper iJTI�nt a l  I n fo r ma t i o n  

T h e  e x p e r i m e n t a l  d a t a  w h i c h  w e r e  u s ed f o r  t h i s  s t udy a r e  f i lm 
d a t a  from a m u l t i - p r o ng p h o t o  prod u c t i o n  ex�er iment wh i c h  wa s  
c ar r i ed o u t  b y  t h e  SLAC S t r e amer C hamb e r  ( STC ) group � I n  t h i s  
experiment t h e  SLAC 2 - m e t e r  S t r e amer C hamb er w a s  u s ed t o  t a k e  
p i c t ur e s  o f  hadr o n i c  mu l t i pr o n g  phot o produ c t i o n  p r o c e s s e s . 
We u s ed a Brem s s t rah lung phot o n  b e am o f  18 G eV t i p  en ergy a nd 
a t ar g e t  of g a s e o u s  h y d r o g e n . The s e  - so far unpub l i s h e d  e x p e r i 
m e n t a l  d a t a  - a r e  s t i l l  b e i ng a n a l y s e d ; t h e r e f o r e ,  t h e  r e s u l t s  
p r e s e n t e d  h e r e  a r e  p r e l i m i n ar y . 

I n e l a s t i c  r e a c t i on s  c a n  b e  c la s s i f i ed in t wo group s ; 

I .  qu a s i  t w o  b o d y  r e a c t i o n s  o f  the t y p e  

a + b + a� + bH. 

where a:i,.. and b� may b e  s t ab l e  p ar t i c l e  o r  s ome r e s o nant 
s t a t e s  w h i c h  d e c a y . Th i s  r e a c t i o n can b e  c a l l e d  " ex c lu s i v e " . 

I I . g e n e r a l  mu l � i pr o n� e v e n t s o f  t h e  t y p e  

a + b c + d + e + 
t h e  r e n c t i o n s  i s  b e ing c a l l e d  " i n c l u s i v e "  when o n l y  o n e  o f  
t h e  f i n a l  s t a t e  p a r t i c l e s  w a s  o b s er v e d . 

I n e l a s t i c  r e a c t i on s  in pa r t i c u l a r  o !  t h e  t y p e  I I )  have g a i n e d  c o n 
s i d e r a b l e  i nt er e s t  i n  r e c e nt y e a r s  a s  w e l l  f r om t h e o r e t i c a l  a s  
fro::, experi.!71cntal p o i nt o f  v i ew . One r e c. s on f o r  t h i s  i n t ec r e s t  

c e n t er s  a r o und t h e  i d e a , t ha t  t h e  nu c l e o n  m a y  h e  m a d e  o u t  o f  
c on s t i t u e n t s .  A s  p o s s i b l e c a nd i d a t e s  a r e  b e i ng l i s t e d ;  
Quar k s , p a r t o n s  o r  b a r e  c o nvent i on a l  part i c l e s . O�e s u a p e r � s  



r e f le c t  t h e  n a t ur e  a nd t h e  d i s t r i b u t i o n  o f  t h e  f r a gm e n t s  

o f  t h e  nu c l e on .  

The f i e ld d ev e lopped rap i d l y  when SLAC exper iment a l i s t s  d i s 

c o v er e d  t h a t  i n e l a s t i c  e P s c a t t er ing a t  h igh en e r g i e s  showed 

u n e xp e c t ed f e a t ur e s 2 : the data s e em to b e  c o n s i s t ant with t h e  

i d e a  that i n  i n e l a s t i c  e le c tr o n  s c a t t e r i ng t h e  v i r t u a l  pho t o n  

s c a t t e r s  f r om po in t l i ke c on s t i tu e nt s of the p r o t on , w h i c h  

have s om e  momentum d i s t r ibut i o n  and , a c c or d i ng t o  mod e l s  o f  

F e y nman , Bj o r k e n  and P a s c h o s 3 , a n  average chaq;e d i f f e r e n t  frorn 

one . T h e i r  proper t i e s  b e c ome v i s ib l e under k i nemat i c o l  c o n d i 

t i on s  w h e r e  t h e y  c an b e  t r e a t e d  j u s t  l i ke a f r e e  g a s ; t h a t  i s ,  

a t  large x ,  where o n e  d e f i n e s  

x = 

v 

v -2-
q 

E-E ' 

" s c a l i ng "  param e t er 

E , E '  i n i t i a l  r e s p . f i na l  

E l e c t r o n  energy 

j q
2 J four mom e n t um t r a n s f e r  squared 

c ar r i ed b y  t h e  v i r t u a l  p h o t o n  

f 
4 . . 

In a c t  B e n r e c k  et a l . have hypoth e s i z ed t h a t  at h i g h  encr1 � 1 c � 
r e a c t i on s  s u c h  a s  

P P , n
�

P ,  K
*

P a n d  e P  ( 1 )  
have t h e  f e l lowing g e ne r a l  f e a t ur e s  i n  c ommon : 

t h e  d i s t r i b u s i o n  o f  k i n e ma t i c a l  quan t it i e s  o f  t h e  f i n a J  s t a t e  
p ar t i c l e s  appr o a c h  a l im i t  a t  i n c r e a s i n g  e n e r g i e s .  M o r e  c o n 

c r e t e :  t h e  d i f f e r ent i a l  p r o b a b i l i t y  t o  o b s erve a g i v e n  mome n t um 

of a f i n a l  s t a t e p ar t i c l e  b e c om e s  i n d e p e n d e n t  o f  t h e  i n c i d e n t  
e nergy . S i n c e  t h i s  p r o o e r t y  i s  d u e  t o  a fragnw n t a t i o n  o f  t h e  
target and / or o f  t h e  proj e c t i l e  p ar t i c l e , o n e  s h o u ld ob s erv e i t  
i n  t h e l ab o r a t ory s y s t em o r  i n  t h e  r e s t  s y s t e m  o f  t h e  in8 rn u i n g  
proj e c t i l e  r e s o e c t i v e l y . Ine l a s t i c  e p s c a t t cr i n('. s ·� i ' ""-' '-; '."1. S  � "  

examp l e  where t h e  t. a !' � e t  frar;m s :1t at j o � 1 c c. d s  t o  a l imi t i n ��  



d i s t r i b u t i o n . Exp e r ir1 e n t a l l y  o n e  ob s er v e s  t ha t  

'1. t. 
d () 2.. fl ti< w,_ (x) � ':;:: 

r: ) £ '-> .,, �H� l H or1t 
' 

t h e  d i f fer e n t i a l  c r o s s  s e c t i o n  for t h e  e x c i t a t i o n  o f  a n y  t a r g e t  

m a s s  M� (M = nr o t on ma s s ) w i t h  a four mome n t um t r an s f er q 2 , 
r ea c h e s  a l i m i t  i n d e p e n d e n t  o f  t h e  enerr,y o f  t h e  i n c i d ent: 

e l e c t r o n . ( OI  = Fine structure constant . w2 (x)  = Structure func tion ) 

There a l s o  e x i s t s  now exper imental 5 n f o r mat i o n  on a gr owi ng 

numb e r  o f  had r o n i c  i n e la s t i c r e a c t i o n s  which e xh i b i t  l im i t ing 

d i s t r i b u t i o n s  �hen vi ewed in t h e  r e s t  s y s t em of t h e  t arge t 5  
( b e am ) . H e n c e  t h i s  may b e  in t e r pret ed a s  a c on s e qu e n c e  o f  t h e  •r 
fro�men t a t i o n  o f  t h e  t ar�e t 0 f  t h e  proj e c t i l e  r e s p e c t i v e l y  . 

D i ffr8 c� t t ve i r1 c ! l_ a s t i c  r e a c t i cJns  --------�- ------ -----�---·-----

Ine l a � t i c  r ea c t i ons wh i c h  a r e  d i f f r a c t i o n l i ke or s how t h e  

p a t t er n  o f  d i f f r a c t i o n d 5 s sc c ia t i o n  c o n s t i t u t e  i n  t h e  s p i r i t  

o f  t h e  fragmen t a t i o n  mode l j u s t  a s p e c i a l , r e s tr i c t ed c la s s ; 

a )  t h ey hav e a l imit ing d i s t r i b u t ion i n t ,  t h a t  i s  t o  s a y ,  

t h e  d i ff cc r <cnt i a l  c r o s s  s e c t i o n �� become,3 i nd epe nd en t o f  

t h e  i n c i d e n t  energy . 
? 

b )  t h e  t ot a l q u a n t um nu'li b e r s  r - , G , r2 , N  c arr i ed by fr a.·gm e n t s  

a r c  tho s e  a f  t he t a r � c t  ( proj e c t i l e ) 

In t h e  u s u a l l � nsuace a )  and b )  are expr e s s ed by d emand i n g  t h a t  

i n  d j  f' f r a c t i o n  d i s s o c i a t i o n  t � e c r o s s ed c ha n n e l  c a n  c a r r y  t h e  

Qu a n t uic1 nwnh c r s  o f  t h e  va.c uum 0( i n c a s e  o f  a mu l t i per i pheral 

re a c t i on one a s s u m e s  t h a t  a t  least o ne t branch h a s  t h i s  pro

p e r t y ) . 



Recent experimental evidence t end s to confirm t h i s  point . For 
this s ome examp le s : 

1 . ) It ha s been observed that in t he reac t i on7 

( 2 )  

the 3 p ion invariant mass accumulat e s  i n  the mass region 
1 . 0  - 1 . 3  GeV with very l i t t l e  dependence on the inc ident 
energy . Between 5 and 20 GeV/c incident moment�m cro s s  
s e c t i on and s lope parameter appear s t o  stay c onst ant . 

. > \M b 
Cj (Ge.V/c: ) 't.  
e..xf C - R-t ) 

Thus a d i ffract ive fragmentat ion of the proj ect i l e  i s  
ind i c at ed . 

2 . )  S imi larly arr a c cuma t i on in the Cp 2n )  mas s  d i str ibut ion 
was found i n  s t udying the react ion8 

P P + P + ( P  n + n - )  

The c r o s s  sect ion a ( P  Tl'"+ Ii- ) var ied only slowly w i t h  
energy when t h e  invariant ( P  2n )  mas s was i n  t h e  region 
b etwe en 1 . 3  and 1 . 8  G eV .  The c r o s s  s e c t ion is about , 5  mb 
at 2 5 GeV . 

3 , )  We ll known i s  d i ffract ive I.s obar produc t io n . Measur ement s 
of the t otal cross sect ion of the reaction channe l9 

P P + P N" ll-
have been made between 4 and 30 G eV incident energy . N� ' s  



which c a n  be exc i t e d  by the mere e xc hange o f  the na

t ura l spin parity s e r i e s  s how d i ffra c t ive b eh av i ou r .  

1 400  ( 1 / 2 � ) ,  1 500 ( 3 / 5 - ) , 1688  ( 5 /2+ ) , 2190 ( 7 / 2- ) . 
The 6� 230 3 / 2 + whi c h  requires I s o s pi n  exchange h a s  a 

c r o s s  s e c t i on wh i c h  fal l s  off rapidly with energy . The 

c ro s s s e c t i on s  a r e  i n  the ord er of . 5  mb . In Fig . 1 we 

p l o t t ed c r o s s s e c t i o n s  for N'i.1100), N:t�6 8 8) a nd 6�236) t o 

g e t her w i t h  t h e  t o t a l  e l a s t i c P P c r o s s  s e c t i on .  

Phot0orodu c t ion o f  e0 • --·---·--- · �------..,---

For p h o t o n  i nd u c e d  had r o n i c  pro c e s s e s  at energ i e s  above 

t l 1 e  d i f f r a c t iv e  n a t u r e  of the produ c t i on pro c e s s e s  for 

s o n s  i s  e x p e r i m e n t a l l y  we l l e s t a b l i shed
10 . 

In addition the process  

J' p 
- + p rr- rr ( 4 )  

4 G eV �o me-

i s  a t  high ener g i e s  almost c omp l e t e ly s aturat ed by the r e a c t i o n  

Y P  -? ( 5 )  

whi c h  i l l u s t ra t e s  v e r y  c l ear l y  t h e  c l o s e  affinity o f  photons and 
0° " 

T 
' . ' ' ' 

) >· 1 e s on s . h i s  i s  shorm in Fig . 2 wher e the r a t i o  

�/ 'P�::'> p f' � �- p -j) p rr_ rr_. 
( 6 ) 

was p l ot t ed . Henc e we r efer to t he rea c t i on ( 5 )  as t o  t h e  

" e l a c; t i c "  g · p h o t o  prod u c t i o n . 



B e c au s e  o f  t h e  dominat ing c oupling of the photon in t h e  

e l as t i c  r ea c t ion i t  would b e  v e r y  i n t e r e s t ing t o  know s ome

thing ab out t he y- � c oup l ing i n  ine l a s t i c  r e a c t i ons . With 

other words - r e f erring t o  t h e  fragmen t a t i o n  i d e a  - , what 

happens to t h e  ¥·� c ou p l i ng wh e n  the target proton or t h e  

proj e c t i l e  fragment i z e s  ? 

One c a n  hope t o  obt a in s ome informat ion about t h i s  prob l em b y  

s t udying the r e a c t ion 

6" p -> ? 0 + anything ( 7 )  

which one c la s s i f i e s  a s  " i n c l u s i v e "  r ea c t i on . 

A na l y s ing t he Str eamer Chamber data we f i nd as the main c o n  

tributions o f  hadr o n i c  final s t a t e s  o �  the r e a c t ion ( 7 )  the 

f o l l ow i ng event t yp e s  

-;> 90 + 0 
� � " p n-- JT+ 
-f> go + - + 0 

� p -.  fo prr�rr+ 1t - 1r• 

e la s t i c  3 - c o n s t rainf 

3 prong , i n e l a s t i c , 0- c o n s t rain l 

5 prong , e l a s t i c , 3 - c o ns t r a i n t 
( 8 )  5 prong , ine l a s t i c , 0 - c on s t r a i n t  

7 prong , e l a s t i c ,  3 - c o n s t r a i n f  

+ ,  - , 0 ind i c a t e  t h e  charg e s  o f  t h e  f i na l s t a t e  part i c l e s , 

where t h e  m a s s e s  ar e unknown . Thus t h e  e v e n t s  f a l l  appar e n t l y  

into t w o  c la s s e s  

a )  event s ,  which s a t i s f y  e nergy and momentum c on s ervat j on ;  

they c a n  b e  f i t t ed by a t hr e e  c o ns t raint f i t  ( 3C ) , w h i c h  
r e n d e r s  the ident i t y  o f  t h e mas s e s  of a l l  final s t at e s . 

b )  eve n t s , whi ch do not sat i s f y energy and mome ntum c o n s e r ·  

vat i o n . We c a l l  t h em z ero c o n s t r a � nt s  ( OC ) . The ma s s e s  o r  
t h e  f i n a l  s t a t e  part i c l e s  a r e  not known . 



We have n eg l e c t ed in t he l i s t  ( 8 )  s tr a nge part i c l e  prod u c � i o n  

a n d  h i gher than 7 prong e v e n t s and r on c e n t rat e d  f or th iS study 
' ; ; 1  l h Y c c  p r o n e  a1• d  f I v e p r-Of\;;? e'i <;nt'' • 

0 e n e r a l i t i c s o f  t h e  A n a l y s i s  

One r e a l i z e s that i t  i s  d i ff i c u l t  t o  a n a l y s e  t h e  c la s s  o f  t � e  
OC e v e n t s , s in c e  we d on ' t  know t h e  i n c id ent e nergy and have 

for t ho s e  e v e n t s n o  c on s t ra int to e v a l u a t e  i t . 

In ord er t o  make a s  f ew a s s ump t i on s  a s  p o s s ib l e  we pr o c e ed t o  
0 na l y c o  t h e  OC event s o f  the r e a c t ion ( 7 )  a s  f o l l ows 

1 )  w e  c l a s s i f y  t h e  even t s  i nt o b i n s  o f  v i s i b l e  e n ergy 

E c 
N 

( for 4 < E, � 1 8  G eV )  

( 9 )  
nun� er o f  c h arged t r a c k s  

2 )  i n  ord er t o  i r; o l n t e  t h e  g0 s i g n a l  we c ompu t e  t h e  i n v ar i 

r:.nt m 3 s s  o f  + - chnrr;ed part i c l e s  ( a l l  c o�1b ina t i on �, ) 

a s suming t h a t  t h e  p ar t i c le mas s w a s  MTI . Thi s mu s t  c l ea r l y  

b e  w r o n g  f o r  a l l  "+" p art i c l e s  wll i c h  \'/ere i n f a c t  prot o n s  

a n d  not n 1 • Howev er , we c an e x p e c t  t h a t  t h e  w r o n g  m a s s 

a s s ignement s c o nt ribut e ma i n l y  t o  a g e n e r a l  br oad b a c kground 

in t h e  two-part i c l e  invariant u a s s s p e c truu , on t op of w h i c h  

t h e  (_'.'.) 0 s ip; n o. l  s h o u l d  sh o1·1 up . � 

3 )  I rr n t e acl of t wh i c h  c an n o t  b e  d et erm i no d  f o r  OC e v e n t s  

we p r o p o s e  t o  s t ud y  t h e  d i s t r ib u t i on o f  t h e  Lor e n t z - S c a ler 

quant i t y  t ' . 

t '  - F � 



where M , E� , P� , GLAB i s  t h e  mas s r e s p . e n ergy , 

momen t um and p r od u c t i o n  ang l e  o f  t h e  ob s e rved 9° i n  

the LAB s y s t em .  t '  c a n  t h e r e for e d i r e c t l y b e  measured . 

4 )  I n s t e a d  o f  t h e  s t andard He l i c i t y  s y s t e m  ( wh i c h  i s  i n 

a c c e s s ib l e  w i t hout knowing S 1 thc t o t a l  C M  e n e rgy ) w e  

c ho o s e  t o  s t u d y  the 9 d e c ay angu lar d i s t r i b u t i o n  i n  a 
q0 t e s t frame , wh e r e  t he d i r e c t i o n of the � in t h e  

LAB s y s t e m  b e c om e s  t h e  a x i s o f  quant i s a t i on . Both , s y s t em s  

are c onne c t e d  b y  a r o t a t i o n  i n  t h e  s c a t t er i n g  p lane . Dy 
c ompu t i n g  the ( r o t at i o n a l  i nv ar i a nt ) E i genv a l u e s  o f  t h e  
D � c a y  D e n s i t y  M a t r i x  o n e  c a n  make c ompar i s ons . 

R e s u l t s  

T h e  s t ud y  o f  t h e  i n e l as t i c  � o 
p h o t o  orodu c t ion i s  b a s ed on 

about 8000 3 prong and 7 500 5 prong event s hav i n g  a v i s i b l e  

energy E e  b e t w e e n  4 and 1 8  G eV � .  I n  s e l e c t ing t h e  i n e l a s t i c  
0 9 from t h e  d a t a  two p r o b l em s  ar i s e : 1 )  t h e  s epa r a t i on o f  

i n e l a s t i c  3 prongs from t h e  e l a s t i c  3 p r o ng s , 2 )  t h e  c orr e c 

t i o n s  d u e  t o  d e t e c t i o n  and t r igger e f f i c i e nc y o f' t h e  STC o.nci 
the a b s o l u t e  no�ma l i s at i on o f  the s i n g l e  r at e . 

A s a f e  s ep arat i on o f  t h e  3 pronr; 3C and CJC e v e n t :·, was ob t ci i iv , d  

b y  s e l e c t i ng w i t h  two cuts from t h e  fit pr o h z<b i 1 i ty d i s t r i b u t :i. on . 

Eve n t s  wh :i c h  f i t t e d 1· he  � r r:rp; ;y mom c nt ui:l c o n s t 1 ' a -\ n t  i·J i t h  Cl p:-) o 
b ab i l i t y  gr ::- ,  '\� r_: r  t han 1 ;,� W (: r c  t c;_L0n 8 �  n c l.:::. �.- t j c "  ( 3C )  c v c r1'c s .  

J-\ c or11 q l e t c  u:.; :.:: our it  o f  the .STC photo produ c t i on experir•·, c 1r�: i 0  

K i r1J p c:·Ll� � i o n  t o  d i s c u s s  c s o � �= o f  t h e  p r e l iminary r e su l t s .  



Those wh ich have fit probab i l i t i es of 10-6 or l e s s  were c o n

s idered as " in e l a s t i c " ( OC ) event s .  ( The uncertainty ab out t he 

event s i nb e tween was t aken i n  a c c ount in e s t imat ing errors . ) IK 

<: ompu t i ng rat i o s  o f  i n e last i c  and e l a s t i c  rat e s  for the s ame 

c harge t op o l ogy , mo st c orrec t ions such as the tr igger- a nd de

t e c t i on e f fic i enc y , and a l s o  the absolute norma l i sation, factor 

and drop e s s en t i a l l y  out . 

C l a s s i fy i ng event s i n t o  b i n  of Ee we have p l ot t ed the d i s t r i 

but i on o f  t he invar iant ma. s s e s  of t h e  + - charged p art i c l e s , 

as i t  was d e s c r i b e d  i n  the pr e c eed ing chapter . In F i g .  3 the 

e las t i c  event s are shown together with the i n e l ast i c  event s 

for 4 d i f fe r e nt en ergy b i n s . F or OC 3 prongs we p lo t t e d  the two 

p o s s i b l e  mass c omb inat ions . The shaded p art of the h i s t ogram 

r e pr e s e n t s  the i nvariant ma s s  spectrum of the two " + "  p art i c l e s . 

_ On e  recogni z e s  the dominant g0 signal i n  the e l as t i c  event s .  

J\ l s o  i n  the OC events a strong 'So s igna l can b e  recogn i z ed ; 

i t  i s  a c c ompanied by s ome s t ructur e  i n  the region of lower 

n + n- m a s s e s . One c an r egard the + + mass s p e c t rum as a general 

random b a c kground repre sent ing pha s e  base and the wrong mas s 

a s s igneme n t s  a l s o  for the + - mass d i s t r ibut i on . Th i s  exhib i t s  

t he � 0 s ignal more c l early . 

� o s t  impor t ant i s  t he observat ion t hat t h e  r e l a t ive strengt h of 

the 9° s ignal of the OC events depends very l i t t l e  on t he 

er.ergy Ee . In fact the enere;y depend e n c e  s e ems t o  be not very 

d i fferent from the e n ergy d ependence of the d i ffract ive " e l a s t i c "  
0 . '51 s J v,na 1 .  

For 5 prongs the analy s i s  i s  more comp li c a t e d , b e c au s e  of the 

many p o s s i b l e  + - c omb i nat i o n s . In P i g .  4 the 3 c on straint and 
the 0 - c onstraint events ai·e shown aga i n  s ide by s i d e  for three 



energy b in s  of Ee. - In t h e  3C c athegory 4 comb i na t i ons have 

b e e n  p l ot t ed . A strong q0 s i gnal with about equal r e l at ive 

str ength i s  present in all energy b ins . In the OC cat hegory 

one would have to p l ot s ix "+ - " mas s  c omb ina t i ons . In ord er 

t o  e xh i b i t  the p r e s e n c e  of a 9° s ignal on a smaller b a c k 

ground we s e l e c t ed alway s that + - c omb inat ion , wh ich has 

the h ighe s t  momentum I Pc+-)1 • Evidence of a g0 s i [';nal is again 

v i s i b l e  in all energy b i ns . There is again some structure in 

the lower mas s r egion . 

Next we p r � c e e d  t o  calculate rat i o s  with r e s p e c t  to the e l a s t i c  

9 °  s i gnal , f i t t ing the mass s p e c t rum in t he g r e g i o n  t o a 
Bre i t\./ 1

.
gner d i s tr ibut i on and a :imooth bac ke;round or - when thi s 

rendered amb i guous r e s u l t s  - per forming a crude bac kground 

subtrac t i on by hand . Since the 9° rat e s  ob tained th i s  way c a n  

o n l y  b e  approximat e ,  w e  a s s igned large errors in ord er t o  c ov e r  

most o f  t h e  s y s t emat i c  uncert aint i es . In spite of the uncertain

t ie s  invo lved , � however , one c an c l early r e c ogni z e  ( F ig 5 ) that 

the rat io o f  the e last i c  and the inela s t i c  3 prong events shows 
no maj or energy dependenc e . We obta ined t h e  rates of 5 prong 

( 3C and OC ) q0 in a s i m i l ar fashion . Since again the ratio 

t o  t h e  e la s t i c  9° rp.te appeared t o  b e  c onst ant we c or:Jb i n ed t h e  

re su lt s of 3 and 5 prongs and p l ot t e d in F ig also the rat i o  
of t he rat e 6f inelast i c  � ' s  in 3 and 5 prongs t o  the e la s t i c  

rat e .  

Forming rat i o s  one has a l s o  t o  keep in mind that OC and 3C 
event s of the s ame v i s ib l e  energy Ee are produced b y  d i f f e r e n t  
pho t on energ i e s  E �  , b e cause o f  the m i s s ing encrcy o f  t he 
neut r a l  part i c l c G . Thu s , there i s  �� unc c�t�i�ty in t h e  e � s��Y 
s c a l e  a s  we l l .  



S i n c e  t h e  r at i o ' s  o b t a i n e d  t h i s  way s e e m  t o  be energy i nd e 

p e n d e n t  and b e c au s e  o n e  knows t ha t  t h e  e la s t i c  9° p h o t o  

p r o du c t i o n  i s  d i ffra c t i v e , we a r e  l e d  t o  b e l i eve t ha t  p h o t o n  

:i n d u c e d  r eac t i o n s  a t  h i gh erncrgy c on t a i n  a d i f fr a c t i v e  9•0 
s i g n a l  w h i c �· o f  t h e  o r d e r  or gr e a t er t h a n  t h e  e l a s t i c  � 
s e c t i o n . 

c r o s s  

D i s c u s s i o n . 

F o l l o w i n g  our e ar l i e r  d i s c u s s i o n , t h e  e x p e r i m e nt a l  ob s er va t i o n  

i nd i c a t e s a d i ffr a c t i ve f ragm e n t a t i o n  o f  t h e  t ar g e t  o f / a nd o f  

c h e  proj e c t i l e . T h e  pr oj e c t i le c o n s i s t ing o f  an i s o s c a la r  and 

a n  i s ov o c t or p h o t o n  c o u l d  fragment i z e  d i f f r ac t i v e l y  i n t o  a n  o d d  

r e s p e c t i v e l y  e v e n  numb er o f  p i o n s . 

T h i s  s t udy s h ows e v i d e n c e  o f  a d i f f ra c t i v e  fragmen t a t i o n  of t h e  

i s o v c c t or p h o t o n  s i mmu l t a n e o u s l y  w i t h  a fragm e n t a t i o n  o f  t h e  

t ar ge t . I n  p ar t i c u lar o n e  c a n  t h i nk o f  t he f o l lowing 

1. ) 1 1  
In a r e c e n t  s t ud y , G .  Wo l f  p arame t r i z ed d i f f r a c t iv e  

in e l a s t i c � ph o t o  pr odu c t i on i n  t erms o f  p e r i p h e r a l  d i a 

grams . S p e c i f i c a l ly t h e  c o n t r i bu t i o n  o f  d i f f r a c t ive 

I s obar prod u c t i o n  and d oub l e  p er i ph er a l s c a t t er i n g  h a s  

b e e n e s t imat e d . 

T h e  po s s i b i l i t y  t o  f a c t o r i z e t h e  r e s i d u e  fu n c t i o n s  in the 

R e g g e  M o d e l  p e r mi t s  one to r e l a t e  p r o c e s s e s wh i c h  h a v e  

o n °  v e r t e x  i n  c ommon ; t hu s  t h e  f o l lowing r e l a t i o n ha3 b e e n  

u s e d : 

'. 9 )  



G .  Wo l f  e s t imat ed t h e  t o t a l  · c o n t r i b u t ion o f  

( 10 )  
( a s  a n  i n c oh er e n t  sum over a l l  c o n t r i b u t i n g  N� s )  

t o  t h e  c harged 3 pr ong t op o l o gy and found 

Furth ermore h e  e s t imat ed t h e  c o ntr ibut i o n s  from a 

d ou b l e  d i f f ra c t i on d i agram o f  t h e  t y o e  

I I'\ "'  I '\! ��<> I 
0 -.?- -

�- ... - ... ..... rr-
1> 

- 11 

and found t h a t  at ener g i e s  a b o v e  30 G eV d i ffrac t jv e  
I s o b ar produ c t ion and doub l e  p e r i p h e r a l  c o n t r ib u t i o n s  

b e c ome c or:1 p a r a 'J 1 e  i n  magn i tude . A n  i n c o h er e n t  s ur:1 y i e l d s  

about 3 r_b, at l )  - 20 G eV .  

Our d a t a  i nd i c a L e  t h � l  furt her m e c h a n i sm w o u l d  hav e t o  
b e  t a k e q  i n  ac'. c nunt 
r a t e  o f  d i f fra 8 t 1 v o  

i n  o r d e r  t n  e x p l ain 
0 i.ne J a ::;. t :l c S 
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2 . ) A very i n t e r e s t ing mechani sm c.ou ld l ink t he i ne la s t i c: 

�o 
pho t o  produc t i o n  t o  i n e la s t i c  e P s c a t t er ing . 

Bj erken and P a s c h o s  have d i s c u s sed the s imi lar i t y  o f  

i n e l a s t i c  e P  s c a t t er i ng a n d  inela s t i c
. 

Compt o n  s c at t ering 

i n  the frame work o f  the part o n  mode l .  They d er ived the 

f o l l owing r e s u l t  wh i c h  should hold in the d e ep i n e l a s t i c  

r e g i o n  

..  · '  2, I: [: 
v (.. 

2110 

-�-------· 

o\ \;�(e.p/"'c.l . 
ctn. d E ' 

where k ' , E '  are the energ i e s  of the outgoing photon 

r e s p . e l e c t r o n
_
. ( � Qt > is the average squared charge 

of a p a rt o n . v = E - E ' , and E i s  the energy of t h e  i n 

c i d e n t  e l e c t r o n . O n e  not e s  that ( 1 1 )  s t a t e s  t ha t  t h e  

r a t i o  o f  t h e  t w o  r e a c t i o n s  t im e s  a k i n ema t i c a l f ac t or 

i s  a c o n s t an t . ( 1 1 )  c ou l d  be u s e d  t o  d e t ermine t h i s 

c o ns t a n t  and t h er e fo r e  t h e  average parton c harge . 

Now i n e l a s t i c  C omp t o n  s c a t t e r i n g  at h igh energ i e s  -

e s p e c i a l l y  i f  o n l y  Bremsstrahl ph o t o n  b e am is avai lab l e  -

i s  e x p e r i me n t a l l y  a very u na t t r a c t i v e  r e a c t i o n  ( How c an 

one i s o l a t e  t he f i n a l  p h o t o n  amongst a l l  t h e  f ' s  c om ing 

from w0 d e c a y ) . Howev er , if t he final ph o t on i n  t h e  in

e l a s U c C om p t o n  pr o c e s s  c o n v e r t s into a 9° t h e  " p r o j e c t i le "  

c ou l d  b e  o b s e rved i n  t he f i n a l  s t a t e .  I n  fa c t , t h i s  f i n a l  

s t a t e  s h o u l d  b e  p a r t  o f  t h e  f i n a l  s t a t e  o f  t h e  r ea c t i o n 

( 7 )  wh i c h  we i nv e s t igat e .  



the rate of the process  -yp � 'Y + anyth . would be  reduced by 

a factor 

2 I -1 -3 a (f P 4,,.) � 0.4  x 1 0  

neglecting finite width corrections for the p mass and using 

the vector dominance idea, where a is the fine struc ture constant 

and f: / 47r is the photon- p coupling constant . 

The que stion whether relation ( 1 1 )  can be tested using the SLAG STC 

data i s  presently being studied . 

Conclusion 

Using preliminary results of the SLAC Streamer chamber group, we 

presented evidence for diffraction fragmentation in 'YP proce sse s o  

More detailed investigations concerning the p decay angular and 

the momentum distribution are not ye t completed. 
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