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?:ne reaction n p + n i r  n ? at 100 GeV/c t ~ ~ j  b i : ~ ~ ;  acillysc.c? in t E 1 . 1 7 ~  

of e f f e c t i v e  mass and r a p i d i t y  v a r i a b l e s .  I t  is found t o  b e  dominated by 

t w s  wel l -separa ted  p rocesses ,  i.e. the d i f f r a c t i v e  d i s s o c i a t i o n  o f  t h e  

pion and t h a t  o f  t h e  proton.  The d i f f r a c t i v e  n a t u r e  o f  t h e s e  p rocesses  

is confirmed by t h e  weak energy dependence of  t h e  c r o s s  s e c t i o n  f o r  t h e  
-0.25 

r e a c t i o n ,  which f a l l s  l i k e  p between 5 and 200 GeV/c. A s m a l l .  
LAB 

c l a s s  of even t s  is found havixii t h e  p r o p e r t i e s  expected f o r  "double Pomeron - - r +  
exchange", II p + a (n ir )p. The c r o s s  s e c t i o n  f o r  such events  is es t ima ted  

t o  be 40 LI: 20pb.. 
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The r e s u l t s  presented  h e r e  a r e  based on a 50,000 photograph exposure-  

of  t h e  30" Argonne-MUM hydrogen bubble chamber a t  t h e  Fermi Nat ional  

~ c c e l e r a t o r  Laboratory t o  100 G ~ V / C  nega t ive  pions. Measurements have 

been made of a  sample o f  1048 four-prong events  whose v e r t e x  occurred  

i n  t h e  upstream h a l f  o f  t h e  chamber. Of these ,  101 events  gave four- 

c o n s t r a i n t  f i t s  t o  t h e  r e a c t i o n  

We remark t h a t  t h e s e  f i t s  should p roper ly  b e  regarded a s  three-con- 

s t r a i n t  f i t s  s i n c e  momentum conservat ion  i n  t h e  beam d i r e c t i o n  is e f f e c t -  

i v e l y  imposed on t h e s e  evetns ;  t h i s  is because t h e r e  is  g e n e r a l l y  a t  

l e a s t  one f a s t  forward t r ack  with a l a r g e  measurer;lent e r r o r  on t h e  magni- 

tude  of i t s  momentum. 
I 

7x1 examination of t h e  d e t a i l e d  p r o p e r t i e s  of the  e v m t s  f i t t i n g  

reaccion (1) 2nd of those  which do n o t  f i t  has  s a t i s f i e d  us t h a t  t h e r e  

is l i t t l e  background i n  t h i s  sample. T h i s . i s  i l l u s t r a t e d  by f i g .  1, which 

jhows s c a t t e r p l o t s  of  t h e  squared missing mass of  each event  a g a i n s t  the . 

missing momentum component pl(y)  i n t h e  d i r e c t i o n  perpendicular  t o  bo th  

t h e  beam d i r e c t i o n  and t o  t h e  camera a x i s .  Th i s  component o f  t h e  missing 

t r a n s v e r s e  momentum is taken because t h e  measurement p r e c i s i o n  i s  r a t h e r  . .  

b e t t e r  than  f o r  t h e  component p a r a l l e l  t o  t h e  camera a x i s .  The value  o f  

hp (y) is c a l c u l a t e d  from measured mqmenta ' the magnitudes of  which have L 
been a d j u s t e d  s o  a s  t o  conserve momentum irr t h e  beam d i r e c t i o n .  Note ' t h a t  

t h e  squared missing mass measured f o r  an  event  of t h e  type  (1) w i l l  b e  . . 

almost  independent of  any- imprec i s ion  i n  t h e  magnitude of  t h e  mornentmof 

a f a s t  p a r t i c l e .  Fig. l ( a )  shows t h e  squared missing m a s s a g a i n s t  Ap iy) I 
f o r  t h e  event* which f i t t e d  r e a c t i o n  ( l) ,  and f i g .  l ( b )  shows t h e  same 

thir.g f o r  candidate  events  which f a i l e d  t h e  f i t .  For the  f i t s ,  t h e  squared 

miss in3 mass and ApL(y) a r e  bo th  c l o s e  t o  zero: t h e  r.rn.5. va lues  a r e  

0.297 G & V ~  and 0.151 Gev/c r e s p e c t i v e l y .  I n  c o n t r a s t ,  t h e  non- f i t t ed  

even t s  a r e  widely spread i n  both  t h e s e  v a r i a b l e s ;  i n  . f ac t  t h e  g r e a t  

r n a j o r i t y o f  them fa l .1  outs ide .  t h e  boundaries of  f i g .  l ( b ) .  



The c r o s s  s e c t i o n  obta ined f o r  r e a c t i o n  (1) a t  100 G ~ V / C  is  590 f 70pb. 

Th i s  va lue ,  toge the r  wi th  t h e  200 G ~ V / C  c r o s s  s e c t i o n  f l ]  a r e  included i n  

t5e p l o t  of  c r o s s  s e c t i o n  a g a i n t  lab. momentum shown i n  f i g .  2. The s t r a i g h t  

l i n e  is  a f i t  of the d a t a  above 5 GeV/c t o  t h e  func t ion  

-n 
a = K . p  

LAB ' 

and g i v e s  a  va lue  0.25 + 0.03 f o r  the exponent n. 

The weak dependence of the c r o s s  s e c t i o n  on l ab .  momentum i n d i c a t e s  

t h a t  this r e a c t i o n  is  l a r g e l y  d i f f r a c t i v f a t  these  energies .  This  i n t e r -  

-? - -  ,--Lation i s  c o n s i s t e n t  f i g .  3 ,  i is a scz t ' ie r  s l o t  of t h o  eEEec- 

5-de mass MtPn+n-)  a g a i n t  ~ ( r - n i n - )  . (For ~ ( ~ T i + n - )  , we take  t h e  combination 
t 

i:clucinij t h e  siavicr of t h e  t::~ T;- 's ,  i.e. f?at ~ i t h  the  snaI.ler r ,~?idi t : ; )  - 
?.- - + -  
A.iere a r e  two d i s t i n c t  a c c u ~ u l a t i o n s  of even t s ,  one with snlali  M ( V  71 Ti ) 

corresponding td t h e  d i s s o c i a t i o n . p r o c e s s  

a d  t h e  o t h e r  wi th  smal l  (~(pi i+n-)  corresponding t o  

I t  may b e  noted t h a t  t h e r e  a r e  a  number of even t s  i n  t h e  lower l e f t -  

hand corner  of  f i g .  3 f o r  which ~(n-fi'n-) and ~ ( p v + n - )  a r e  bo th  f a i r l y  

smal l ,  and which cannot be u n a ~ b i g u o u s l y  assigned t o  e i t h e r  of t h e  p r o c e s s e s  

(3) and (4). above. These w i l l  be d i scussed  i n  more d e t a i l  below. 

+ - Fig. 4 (a) and (b)  a r e  p r o j e c t i o n s  of f i g .  3, i . e .  t h e  (pn n ) and 
- + - ( n  n rr ) m a s s s p e c t r a .  The expected th resho ld  enhancements a r e  c l e a r l y  

v i s i t l e ,  w i t h  e s s e n t i a l l y  no background. I t  can b e  seen t h a t  t h e  enhance- 
* 

x e n t s  fxtencl w i l l  above t h e  masses o f  t h e  resonance-l ike systems (N (1470). 

I;* (1710), A 1  (1100) and A3 (1640) ) which a r e  seen a t  lovier e n e r g i e s  t o  be 

c i i f f r a c t i v e l y  produced i n  t h i s  r e a c t i o n .  

We have examined t h e  problem of how t o  d i v i d e  t h e  events  i n t o  c l a s s e s  

corresponding t o  t h e  r e a z t i o n s  ( 3 )  and (4) above and 



- - +  
and n p  + n ( n  n )p  (7) 

which a r e  i l l u s t r a t e d  i n  f i g .  5 ( i )  - (v) respect ively.  The f i r s t  two of 

these a r e  t h e  s ing le  d i f f r a c t i v e  d i ssoc ia t ion  reac t ions  (3) and (4) ; t he  . . 
l a s t  i s  the "double Pomeron exchange" reac t ion  which may be expected I 2 1  

t o  contr ibute  s ign i f i can t ly  t o  the  cross sec t ion  a t  t h i s  energy. I n  gene-, 

r a l  t he  separat ion of events according t o  reac t ion  mechanisms can be attemp- 

ted by p lo t t i ng  the data  i n  a  t,wo-di.mensiona1 form. On such method i s  the 

LPS analysis  of Van Hove [31 ,  where the Feynman var iab le  x of the n+ i s  
- 

?Lotted against  t h a t  of the  s1o;;e.r i; . To help with problaxs such as the 
I 

accw;ulation of events with x ( T ' )  ?J x ( x - )  ". 0 (where the phast, space volune 

peaks sharply) there  is some advantage i n  p lo t t i ng  rap id i ty ,  e.g. f o r  the  2 
aga ins t  y  f o r  t he  slow n-, t he  r a p i d i t y b e i n g  

f o r  each p a r t i c l e ,  where'E and pll a r e  the  energy and longitudinal momentum 

.respectively.  Here h e  would l i k e  t o  suggest  an extension of t h i s  method, 

which uses t he  concept of t he  " l a rges t  r ap id i ty  gap" a s  a  means of separa- 

t ing  d i f f e r e n t  react ion mechanisrns [41. We take f i r s t  the  r ap id i ty  d i f fe r -  . 
ences between the produced p a r t i c l e s  

where 

Y - -  
i7s 

close 

- 
n is the f a s t e r  of the two 7 1 - ' s ,  and ir, i s  t h e  s l o w e r ,  i . e .  y - > 

f nf 
Because of the  leading p a r t i c l e  e f f e c t  y ( p  + i7;) is always la rge ,  

t o  t he  r ap id i ty  dif ference between the inc ident  a- and p r o t o n .  I t  

i s  found t h a t  on average y  (p -+ IT;) = 5.7, with an r . m . s .  spread of only 

0,73 about t h i s  value. We therefore  def ine r e l a t i v e  r a p i d i t i e s  f o r  the  

nf and the  slower 71- by 



'inus t h e  " r e l a t i v e  r a p i d i t y "  of  t h e  n+, say ,  is simply i t s  r a p i d i t y  ( r e l a -  

t i v e  t o  t h e  proton) normalised t o  t h a t  of t h e  leading n-. 

The r e l a t i v e  r a p i d i t i e s  of t h e  n+ and n, s p e c i f y  completely t h e  con- 

f i g u r a t i o n  of  the event ,  i f  t r a n s v e r s e  momenta can be neglec ted .  For any 

s p e c i f i c  va lues  of t h e s e  two v a r i a b l e s ,  t h e  abso lu te  c.m. o r  lab. frame 

r a p i d i t i e s  of a l l  f o u r  produced p a r t i c l e s  a r e  f ixed  by energy and mornentm? 

conservat ion .  Fig.  6 shows t h e  r e l a t i v e  r a p i d i t y  of t h e  n, a g a i n s t  t h a t  

of t h e  T+ f o r  t h e  events  f i t t i n g  r e a c t i o n  (1). Note t h a t  t h e  r e l a t i v e  r a -  

-. ., - - 
; . l ; i ty  of  t h e  riTs is alw.7j~s i c s s  than u n i t y  s i n c e  the hs i s  de f ined  a s  bc- 

. -, . - 
I.., rlc;:er than the nf. 9 i e  c l u s t e r  of events  i n  t h e  lo:ger l e f t  hand ctjr.ner 

corresponds t o  process  (4 ) ,  and t h a t  i n  t h e  upper r i g h t  hand corne r  corres-  

ponds t o  p rocess  ( 3 1 ,  a s  ind ica ted  on t h e  f i g u r e .  Th i s  p l o t  i s  p a r t i c u l a r l y  

u s e f u l  s i n c e  t h e '  d o t t e d  l i n e s  shown d i v i d e  t h e  f i g u r e  i n t o  t h e  d i f f e r e n t  

regions  which would correspond t o  t h e  s e l e c t i b n  of d i f f e r e n t  quasi-two-body 

r e a c t i o n  mechanisms according t o  t h e  " l a r g e s t  r a p i d i t y  gap" c r i t e r i o n .  For  

example, t h e  almost err.pty lower r i g h t  hand region corresponds t o  t h e  quas i -  

two-body p rocess  

a s  def ined by t h e  requireinents t h a t  a  n- and t h e  T+ a r e  t h o  f a s t e s t  par-  

t i c l e s  a n d . t h a t ,  when t h e  four  p a r t i c l e s  a r e  ordered according t o . r a p i d i t y ,  

'&e l a r g e s t  gap between an ad jacen t  p a i r  d iv ides  t h e  p a r t i c l e s  i n t o  two 

systems as i n  ( 8 )  above. 

Fig.  6 i n d i c a t e s  t l ?a t  t h e  d i f f r z c t i v e  processes  ( 3 )  and (4) a r e  we l l  

sepa ra ted  from each another  and dominate t h e  c r o s s  s e c t i o n ,  whi le  the  charge 

exchange processes  ( f i g .  5 ( i i i )  and ( i v ) )  a r e  s t r o n g l y  suppressed.  A t  t h e  

s+ne  t i~n.e ,  t h e r e  a r e  some events  i n  t h e  c e n t r e  of t h e  p l o t  near t h e  boundary 

between t h e  two heav i ly  populated regions .  They have t h e  ir.+ni p a i r  c loze  to -  

g e t h e r  i n  r a p i d i t y  and about h a l f  way betveen t h e  proton and t h e  leading 1:;. 

A s  was mentioned above, the  p l o t  of N ( T - T + ~ - )  a g a i n s t  ~ ( ~ l r + l i - )  shows a  simi- 

l a r  phemonienon. 



These even t s  may b e  assoc ia ted  with t h e  double Pomeron evchange pro- 

cess  of f i g .  s ( ~ ) .  TO e s t i m a t e  t h e  corresponding c r o s s  s e c t i o n  we nay use 

any of a  number of s e l e c t i o n  c r i t e r i a  which have been proposed r51 f o r  t h e  

purpose. I n  p a r t i c u l a r ,  t h e  s e l e c t i o n  based on r a p i d i t i e s  

c o r r e q o n d s  t o  t3he s e l e c t i o n  of a sqgare  region i n  f i g .  6 ( a t  t h e  c e n t r e  

of tiie p l o t ,  w i t h \  s i d e  ?i 0.3 u n i t s )  containing 7 events .  An z l t ~ r n a t i v c  

s e l e c t i o n  us ing  t h e  Feynman x v a r i a b l e  (no t  i l l u s t r a t e d )  i s  

x - > 0.9 and x < -0.9 
n 

(13) 
f P 

and t h i s  g i v e s  8 events .  The corresponding c r o s s  s e c t i o n  f o r  t h e  events  

s e l e c t e d  by s u c h c r i t e r i a  is then  40 + 20pb. A s  no background is assuned, 

this should b e  taken a s  an upper l i m i t  on double Pomeron exchange. 

The c r o s s  s e c t i o n s  found f o r  d i f f r a c t i v e  proton d i s s o c i a t i o n  and pion 

d i s s o c i a t i o n  a r e  n o t  s e n s i t i v e  t o  t h e  s e l e c t i o n  c r i t e r i a  used f o r  t h e s e  

processes .  Allowing f o r  t h e  v a r i a t i o n  of  neasureznent e f f i c i e n c y  f o r  events  

of d i f f e r e n t  conf igura t ions ,  we o b t a i n  280 + 40pb f o r  p ro ton  d i s s o c i a t i o n  

and 240 f 50pb f o r  p ion  d i s s o c i a t i o n .  However, we would l i k e  t o  p o i n t  o u t  

t h a t  t h e  p ion  d i s s o c i a t i o n  c r o s s  s e c t r o n  rcay be underest imated a s  a r e s u l t  

of problems i n  t h e  k inemat ic  f i t t i n g  of  t h e s e  events .  

v:c a r e  deeply indebted t o  t h e  opera t ing  crews of t h e  Fermi NAL a c c e l e r a t o r  

2r.d of  t h e  30-inch bubble chamber. M e  would l i k e  t o  thank our scanning,  

1-casuring and coaputing s t a f f s ,  and to acknowledge u s e f u l  conversa t ions  with 

i). L.!. Chew. 
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Fig.  1 S c a t t e r  p l o t s  of the  s q ~ a r e d  missing mass a g a i n s t  t h e  

missing t r ansverse  momentum com2onent Ap ( y )  ( s e e  t e x t )  
L 

f o r  
- - + - 

a )  even t s  f i t t i n g  t h e  r e a c t i o n  n p -+ ir n n p, and 

b) n o n - f i t t i n g  events .  

- - + - 
Fig. 2 The c r o s s  s e c t i o n  f o r  the  r e a c t i o n  n p  -+ T n a  p  as a f u n c t i o n  

of l abora to ry  mor;entum. 

-- + - + - 
Fig .  3 The  e f f f c t i ? , ~  ra55 ?:(: T i ) ';-.inst X(pn 7 ) f o r  

- - + -  + - 
n p -+ l r  n K p events .  For :.1(3~ 5 ) , the slower of t h e  

- 
two 7 ' 5  is ~ R % E P .  

+ - 
Fig. 4 E f f e c t i v e  mass d i s t r i S u t i o n s  f o r  a) M(pn  n ) and 

- + - - - + -  
b )  M(a n  a ) i n  t h e  r e a c t i o n  n p -+ n  n n  p. 

- -. rig. 5 Reaction nechafiismr, c o n t r i b u t i o n  t o  t h e  channel K p  + 
- + -  n n n p  

Fig .  6 R e l a t i v e  r a p i d i t y  ( s e e  t e x t )  of t h e  slower IT- a g a i n s t  

- + -  t h a t  of  the n' i n  t h e  r e a c t i o n  li-p -t n  n n p .  The d o t t e d  

l i n e s  correspond t o  " l a r g e s t  r e p i d i t y  gap" c u t s .  
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