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By invoking duality for the Reggeon-particle absorptive part, we relate the triple Reggeon coupling to 
the low missing mass spectrum in diffraction dissociation. Existing experimental data are analyzed and 
suggest that the triple Pomeron coupling is small. 

Cur ren t  i n t e re s t  in mul t ipa r t i c l e  product ion 
theory cen t e r s  around the recen t ly  p roposed  
l imi t ing f ragmenta t ion  [1] or  scal ing [2] hypoth- 
e s i s  of Yang and c o l l a b o r a t o r s  and Feynman for  
the inc lus ive  single p a r t i c l e  spec t rum.  In this 
paper ,  we invoke the duality hypothesis  of 
H a r a r i  [3] to p ropose  a new Regge ana lys i s  for  
the s ingle  pa r t i c l e  spec t rum near  the phase space 
boundary for  d i f f rac t ion  d issocia t ion .  This  ana-  
lys i s  indica tes  ind i rec t ly  that the t r ip le  P o m e r o n  
coupling is smal l .  

We cons ide r  the p r o c e s s  a + b ~ a + X ,  where  X 
r e p r e s e n t s  a sum of produced  p a r t i c l e s  which go 
unobserved  for  a g iven Pa,  Pb and P~t" See fig.1. 
The c r o s s  sect ion for  this  p r o c e s s  can be wr i t ten  
as a function of 

s = (Pa + Pb)  2 

t = (P~ - Pa  )2 

M2 = (Pa + Pb - Pa) = p 2  (1) 

F r o m  the mu l t i -Regge  model  [4] or  M u e l l e r ' s  
approach [5], the s ingle p a r t i c l e  spec t rum in the 
reg ion  of f ixed sma l l  t, l a rge  M 2 and la rge  s /M 2 
is given by, 

d~/dtdM2 = fi(t) ( ~ ) 2 a ( t  ~(0) s 2 s ) (M 2) (2) 

co r respond ing  to the d iag ram in fig. lb.  Here ,  
~ ( t )  is a Reggeon exchange at the a~ v e r t e x  and 
s c a t t e r s  with pa r t i c l e  b to produce  the unobse r -  
vable  s ta tes  X. 5(0) is the in te rcep t  of the leading 
Regge t r a j e c t o r y  coupling to the bb channel at 
ze ro  momentum t r a n s f e r  and was built  up f r o m  
the uni tar i ty  summat ion  o v e r  the unobse rved  s ta -  
t e s  in the p r o c e s s  a ( t )  + b ~ X  depic ted  in fig. la .  

* This work was supported in part by the U.S. Atomic 
Energy Commission. 
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fig.1, a) Matrix element squared for diffractive disso 
ciation. 
b) Kinematical variables and the triple Reggeon vertex. 

It con t ro l s  the asymptot ic  behavior  of the Reg-  
geon (a (t)) - pa r t i c l e  (b) fo rward  absorp t ive  par t  
at l a rge  M 2. ~(t) m e a s u r e s  the s t rength of the 
t r ip le  Reggeon v e r t e x  which governs  the dynamics  
in this k inemat ica l  r eg ime .  For  d i f f rac t ion d i s -  
socia t ion at l a rge  M 2 and s /M 2, a(t) and 5(0) 
should be the  P o m e r o n  t r a j e c t o r y ,  o~p(t), and 
in te rcept ,  ap(0) ,  r e spec t ive ly .  T h e r e f o r e ,  dif-  
f rac t ion  d i s soc ia t ion  into l a rge  M 2 is a m e a s u r e  
of the s t rength of the t r ip le  P o m e r o n  coupling [6, 7 
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Fig.2. Miss ing mass  spec t rum for the p rocess  a) lr-  + p  ~ lr- + X  at 8 and 16 GeV/c for 0.06 < t < 0.10 GeV 2 
b) p + p ~ p  + X  at 6.1. 9.9. 15.1 and 2 0 . 0 G e V / c  for t = 0.042 GeV2. 

It h a s  b e e n  found  by  H a r a r i  [3], t h a t  w i th in  the  
c o n t e x t  of e l a s t i c  s c a t t e r i n g ,  t h e r e  i s  a c o r r e -  
s p o n d e n c e  o r  d u a l i t y  b e t w e e n  low e n e r g y  d i r e c t  
c h a n n e l  r e s o n a n c e s  on  t he  one  hand ,  and  c r o s s e d  
c h a n n e l  R e g g e  e x c h a n g e s  on  the  o t h e r .  In t h e s e  
c o n s i d e r a t i o n s ,  the  P o m e r o n  e x c h a n g e  c o m p o n e n t  
w a s  found  to be  dua l  to  t he  low e n e r g y  b a c k -  
g r o u n d ,  o r  n o n - r e s o n a n t  s t r u c t u r e .  T h i s  dua l i t y  
f i n d s  q u a n t i t a t i v e  m e a n i n g  w i t h i n  the  f r a m e w o r k  
of F i n i t e  E n e r g y  S u m  R u l e s  [8] a n d  S c h m i d  
C i r c l e s  [9]. 

A l t h o u g h  no f o r m a l  m a c h i n e r y  e x i s t s  wi th  
wh ich  to c a r r y  it o v e r ,  we invoke  t h i s  s a m e  h y -  
p o t h e s i s  f o r  the  R e g g e o n - p a r t i c l e  a b s o r p t i v e  p a r t  
in  o r d e r  to m a k e  q u a l i t a t i v e  s t a t e m e n t s  a b o u t  
d i f f r a c t i o n  d i s s o c i a t i o n  a t  low v a l u e s  of M 2. In 
t h i s  d o m a i n ,  the  s i n g l e  p a r t i c l e  s p e c t r u m  c a n  be  
s e e n  f r o m  fig.  2 [10] to be  a s e r i e s  of r e s o n a n c e  
b u m p s  (N* 's)  s u p e r p o s e d  on a s m o o t h  n o n - r e s o -  
n a n t  b a c k g r o u n d ,  r e m i n i s c e n t  of the  b e h a v i o r  of 
low e n e r g y  c r o s s  s e c t i o n s  in  n o n - e x o t i c  c h a n n e l s .  
We p r o p o s e  t h a t  in  the  s p i r i t  of dua l i t y ,  t he  low 
M 2 b a c k g r o u n d  c o m p o n e n t  of the  m i s s i n g  m a s s  
s p e c t r u m  i s  dua l  to  the  P o m e r o n  e x c h a n g e  c o n -  
t r i b u t i o n  in the  R e g g e o n - p a r t i c l e  a b s o r p t i v e  p a r t .  
S i m i l a r l y ,  we t a k e  the  r e s o n a n c e s  to be  dua l  to  
t he  P ' ,  and  o t h e r  R e g g e  e x c h a n g e s .  Once  t h i s  
h y p o t h e s i s  i s  a d o p t e d ,  we c a n  i n v e s t i g a t e  q u a l i -  
t a t i v e l y  the  n a t u r e  of t he  t r i p l e  R e g g e o n  c o u p l i n g s  
w h i c h  c o n t r o l  d i f f r a c t i o n  d i s s o c i a t i o n  a t  l a r g e  M 2 
f r o m  a n  a n a l y s i s  of t he  d a t a  a t  low a n d  i n t e r m e -  
d i a t e  v a l u e s  of M 2. 

F r o m  the  d i f f r a c t i o n  d i s s o c i a t i o n  d a t a  of 
A n d e r s o n  et al .  [10, 11] s h o w n  in fig. 2, i t  h a s  
b e e n  found t h a t  the  c r o s s  s e c t i o n ,  d~/dtdM 2 f o r  
the  p r o d u c t i o n  of d i s c r e t e  r e s o n a n c e  s t a t e s  
N*(1400,  1520,  1688) a r e  r o u g h l y  c o n s t a n t  a s  a 
f u n c t i o n  of s [10, f ig.  4]. T h i s  i n d i c a t e s  t h a t  f o r  
t h e s e  p r o c e s s e s ,  c~(t) i s  the  P o m e r a n c h u k  t r a -  
j e c t o r y .  F r o m  the  d u a l i t y  h y p o t h e s i s ,  we c a n  
t h e r e f o r e  i n f e r  t h a t  the  P - P - P '  t r i p l e  R e g g e o n  
c o u p l i n g  i s  f in i t e .  On the  o t h e r  h a n d ,  we o b s e r v e  
f r o m  fig. 2 t ha t  the  n o n - r e s o n a n t  b a c k g r o u n d  f o r  
a g i v e n  M 2 a t  s m a l l  v a l u e s  of l ,  f a l l s  r o u g h l y  
wi th  e n e r g y  a s  s -1 .  F r o m  eq. (2), t h i s  i n d i c a t e s  
t ha t  the  e f f e c t i v e  t r a j e c t o r y ,  ~ ( t ) ,  r e s p o n s i b l e  
f o r  the  p r o d u c t i o n  of the  b a c k g r o u n d  c o m p o n e n t  
i s  c~(t) ~ 0.5.  F r o m  dua l i t y  t h i s  i m p l i e s  t h a t  t he  
t r i p l e  P o m e r o n  c o u p l i n g  i s  s m a l l ,  a n d  t h a t  the  
d o m i n a n t  c o n t r i b u t i o n  i s  f r o m  the  M - M - P  t r i p l e  
R e g g e o n  v e r t e x ,  w h e r e  M i s  s o m e  h igh  r a n k i n g  
m e s o n  R e g g e  p o l e  ( P ' ,  w, p . . . ) ,  wi th  t r a j e c t o r y  
OtM(t) ~ 0.5. 

To i l l u s t r a t e  t h i s  b e h a v i o r ,  we h a v e  p l o t t e d  in 
f ig.  3a and  3b the  c r o s s  s e c t i o n s  of f igs .  2a a n d  
2b f o r  g i v e n  M 2 i n t e r v a l s  a s  a f u n c t i o n  of s - 1  
A s t r a i g h t  l i ne  on  t h i s  p l o t  s i g n i f i e s  t h a t  the  
r e l e v a n t  e x c h a n g e s  p r e s e n t  a r e  c~p(t)  ~ 1 and  
C~M(t) ~ 0 . 5 .  F o r  m a s s  i n t e r v a l s  wh ich  i n c l u d e  
one  of the  p r o m i n e n t  N* r e s o n a n c e s  ( b r o k e n  
c u r v e s  in  fig.  3a a n d  3b),  t he  y i n t e r c e p t s  of the  
c u r v e s  a r e  p o s i t i v e  i n d i c a t i n g  t h a t  the  c r o s s  
s e c t i o n  to p r o d u c e  t h e s e  d i s c r e t e  r e s o n a n c e  s t a -  
t e s  p e r s i s t  a s  s ~ .  H o w e v e r ,  p a r t  of t h i s  a s y m p  
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Fig .3 .Cross  sect ions for given mass  bands from a) 2a 
and b) fig.2b respect ively .  

t o t i c  c r o s s  s e c t i o n  may  a r i s e  f r o m  the  p r e s e n c e  
of a t r i p l e  P o m e r o n  coupl ing .  To i n v e s t i g a t e  t h i s  
p o s s i b i l i t y ,  the so l id  c u r v e s  in fig. 3a and  3b p lo t  
the  c r o s s  s e c t i o n  f o r  m a s s  i n t e r v a l s  which e x -  
c lude  any of the  N* r e s o n a n c e s .  In c o m p a r i s o n ,  
the  y i n t e r c e p t s  of t h e s e  c u r v e s  a r e  c l o s e  to z e r o  
o r  s l i gh t l y  n e g a t i v e  i n d i c a t i n g  tha t  the  t r i p l e  
P o m e r o n  coup l ing  i s  v e r y  weak if it e x i s t s  at 
a l l  * 

T h i s  r e s u l t  was not u n e x p e c t e d .  In t e r m s  of 
oDC.m.  /~k F e y n m a n ' s  s c a l e d  v a r i a b l e ,  x=~- - , ,  / ~2, the  

c o n t r i b u t i o n  of the  t r i p l e  P o m e r o n  coup l ing  to 
the  s i ng l e  p a r t i c l e  s p e c t r u m  n e a r  the  p h a s e  
s p a c e  b o u n d a r y ,  x z I -M2/s ~ 1, is  f r o m  eq. (2). 

1 dw~dxdt=flppp(t)(1 x)Cep(O)-2aP (t) - ( 3 )  
Crto t 

F o r  a p ( 0 )  ~1 ,  the  b e h a v i o r  of the  s p e c t r u m  i s  
s i n g u l a r  at  the  b o u n d a r y .  If ~ p p p ( / )  i s  f in i t e  fo r  
a r b i t r a r i l y  s m a l l  1 -  a p ( 0 ) ,  eq.  (3) wi l l  be  in c o n -  
f l i c t  with u n i t a r i t y ,  s i n c e  the  i n t e g r a t e d  p r o b a -  
b i l i ty  f o r  the  d i f f r a c t i o n  d i s s o c i a t i o n  will  e x c e e d  

* A theory of mult ipar t ic le  production based on the 
vanishing of the tr iple Pomeron coupling with c~ p(0) = 
1 has recent ly  been developed by the authors [12]. 
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the  to ta l  c r o s s  s e c t i o n  $. T h e r e f o r e  the  s m a l l -  
n e s s  of /~ppp(t) i s  a m e a s u r e  of the  p r o x i m i t y  
of a p ( 0 )  to 1 $. 

C o n s e q u e n t l y ,  fo r  ! ~ 0 ,  the d o m i n a n t  b e h a -  
v i o r  of the  b a c k g r o u n d  c o n t r i b u t i o n  to the s ing le  
p a r t i c l e  s p e c t r u m  is  a fa l l  off a s  s 2 otM(t ) - 2 ~ s_l  
fo r  a g iven  i n t e r v a l  of M 2. F o r  a g iven  va lue  of 
s ,  it b e h a v e s  a s  (M2) aP( ° )  -2°~M(l) ~ c o n s t a n t  
as  a func t ion  of m i s s i n g  m a s s .  The  r e a l  i m p o r t -  
ance  of the b a c k g r o u n d  l i e s  in the  fac t  tha t  i t s  
r e g i o n  of ex t en t  in M 2 i n c r e a s e s  l i n e a r l y  with s.  
I ts  c o n t r i b u t i o n  to d a . ' d t d M  2 is  l ike a r e c t a n g l e  
w h o s e  he igh t  d e c r e a s e s  a s  ~ s  -1 while  i t s  l eng th  
i n c r e a s e s  a s  s such  tha t  the  to ta l  a r e a  r e m a i n s  
c o n s t a n t .  It t h e r e f o r e  c o n t r i b u t e s  a f in i te  f r a c -  
t ion  of the to ta l  c r o s s  s e c t i o n  a s  s ~  and is  
w o r t h y  of m o r e  d e t a i l e d  i n v e s t i g a t i o n .  

In c o n c l u s i o n ,  we s t r e s s  the  i m p o r t a n c e  of a 
m o r e  t h o r o u g h  s tudy  of the  b a c k g r o u n d  c o m p o n e n t  
of the  m i s s i n g  m a s s  s p e c t r u m  in d i f f r a c t i o n  d i s -  
s o c i a t i o n .  An a n a l y s i s  a long  the  l i n e s  s u g g e s t e d  
in t h i s  p a p e r  will  s h e d  much  l ight  on the d y n a m i c s  
of d i f f r a c t i o n  d i s s o c i a t i o n  into l a r g e  m a s s e s  and  
g ive  n e e d e d  i n s i g h t  into the  n a t u r e  of the P o m e r -  
anchuk  s i n g u l a r i t y .  

T h i s  w o r k  was  begun  in c o l l a b o r a t i o n  with 
D en n i s  S i l v e r m a n .  To h i m  and  W i l l i a m  F r a z e r ,  
we a r e  i n d e b t e d  f o r  m a n y  i n t e r e s t i n g  d i s c u s s i o n s .  

A f t e r  t h i s  w o r k  was  c o m p l e t e d ,  the a u t h o r s  
w e r e  i n f o r m e d  by J.  M. Wang and L. L. Wang tha t  
they  have  p e r f o r m e d  an a n a l y s i s  a long  the  s a m e  
l i n e s ,  and have  c o m e  to rough ly  s i m i l a r  c o n c l u -  
s ions .  

$This argument was f i r s t  given by the authors of ref.[6] 
SExperimentally,  f rom the near constancy of the total 

c ross  section at high energies ,  we know that Olp(0) is 
very close to 1. 
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