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Pion d i f f r ac t ion  d issoc ia t ion  i n t o  masses up t o  approximately 

6 GeV is observed in  the  reac t ion  Tp + p + X a t  205 G ~ V / C .  The 

pion s ingle  d i f f r ac t ion  cross  sect ion f o r  mass-squared 5 32 GeV 
2 

is  l.gtO.2 mb. 

Diffract ion d issoc ia t ion  of t h e  pion i n t o  s t a t e s  of mass $ 2 GeV has 

been established i n  pion-nucleon experiments a t  momenta up t o  40 G ~ V / C .  W e  

describe here a study of 205 G ~ V / C  <p  in t e rac t ions  i n  which t h e  f i r s t  evidence 

is  presented fo r  d i f f r ac t ion  d issoc ia t ion  of pions i n t o  subs t an t i a l ly  higher 

masses, up t o  approximately 6 GeV. Many of t h e  fea tures  of pion d i f f r a c t i o n  

dissociat ion which we w i l l  discuss a r e  s imi la r  t o  those recent ly  observed fo r  

proton d i f f r a c t i o n  i n  pp in te rac t ions  a t  NAL and ISR energies. 
1 

Our r e s u l t s  a re  based on a 48,000-picture exposure of t h e  NAL p i n c h  

hydrogen bubblc chamber. The experimental arrangement, t h e  scanning and 
. 

measurernent of cvents, and the  scpsrat ion of e l a s t i c  and i n e l a s t i c  2-prpng 

events have becn deserihcd previously.2 The da ta  sanlplc t o  be discussed 

cons is t s  of 1566 i n e l a s t i c  events of the  form 
I 
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where t h e  outgoing proton, i d c n t i f i e d  by i o n i z a t i o n ,  has  momentum 5 1.4 GCV/C. 

z 
The mass-squared, 1 , of X and t h e  momentum t r a n s f e r ,  t, t o  t h e  p ro ton  were 

c a l c u l a t e d  from measurements of the  beam and r c c o i l  proton.  The observed t- 

dependence ( s e e  below) i n d i c a t e s  t h a t  b i a s e s  in t roduced by t h e  c u t o f f  i n  

2 2 2 * 
p r o t o n  momentum a r e  n e g l i g i b l e  up  t o  M = 180 GcV . The e r r o r  i n  M was 

determined t o  b e  approximately 21.3 G ~ V ~  from 2-prong events  which f i t  t h e  

e l a s t i c  hypothesis .  

Mass d i s t r i b u t i o n s  and c r o s s  sections.-Figures l ( a - e )  show t h e  d i s t r i -  

bu t ions  i n  b12 f o r  charged m u l t i p l i c i t y  2, 4, 6, 8, and 2 1 0  f o r  r e a c t i o n  

( I ) . ~  We note  t h a t :  (1) The i n e l a s t i c  2-prong even t s  show a l a r g e  peak 

2 2 2 
cen te red  a t  M = 2 G e V  , of  f u l l  width 4 GeV , w i t h  a shoulder  extending 

2 
t o  about 20 GeV . (2 )  The &prong even t s  show a prominent peak s i m i l a r  i n  

2 
p o s i t i o n  and width t o  t h e  2-prong peak, b u t  extending t o  about 30 GeV . 
(3)  The &prong even t s  show a broad enhancement which rises s h a r p l y  from 

2 
t h r e s h o l d  and extends t o  about 30 GeV . ( 4 )  The %prong even t s  show a less- 

pronounced enhancement which r i s e s  s lowly from th resho ld .  ( 5 )  For B 1 0  

2 
prongs, no well-defined s t r u c t u r e  is observed i n  t h e  mass r eg ion  below 30 GeTJ . 

W e  i n t e r p r e t  t h e s e  enhance%cnts a s  evidence f o r  t h e  presence  of d i f f r a c -  

. t i o n  d i s s o c i a t i o n  of  t h e  p ion i n t o  masses up  t o  about  30 G ~ V ~  i n  t h e  2-, 4-, - 
6, and poss ib ly ,  &prong events .  To e s t i m a t e  t h e  c r o s s  s e c t i o n  f o r  p ion  

2 
s i n g l e  d i f f r a c t i o n  d i s s o c i a t i o n ,  we have t aken  an  upper l i n i t  of  M = 32 

2 
GeV f o r  d i f f r a c t i o n  and have counted even t s  above a smooth hand-drawn 

background s e p a r a t e l y  f o r  each m u l t i p l i c i t y .  'The background curves  used 

arc shown i n  Fig. I. Table  I g i v e s  t h e  c r o s s  s e c t i o n s  b e f o r e  and a f t e r  

background s u b t r a c t i o n .  The e r r o r s  shown t a k e  i n t o  account s t a t i s t i c a l  

uncertainties, a s  w e l l .  a s  u n c e r t a i n t i e s  i n  background s i z e  and shape and 

i n  t h c  corrections applied t o  t h c  d a t a .  W c  o b t a i n  a n  o v e r a l l  p ion  s i n g l c  . 
2 2 

d i f f r a c t i o n  d i s s o c i ~ l t i o l i  c r o s s  section of 1.9i-0.2 mh f o r  M < 32 GeV . 



2 A t  lower energies ,  p ion  d i f f r a c t i o n  has  been observed only f o r  M < 4 

G ~ v ~ .  Our cross s e c t i o n  f o r  t h i s  region,  1.0.10.1 nb, is comparable t o  corre-  

sponding values  a t  lower energies,  c o n s i s t e n t  wi th  t h e  energy independence 

2 2  expected f o r  d i f f r a c t i o n .  For t h e  high-mass region,  M = 4 t o  32 GeV , we 

* f i n d  a  p ion  d i f f r a c t i o n  c r o s s  s e c t i o n  of 0.920.2 mb. When pion-nucleon d a t a  

a t  h igher  energy become ava i l ab le ,  it w i l l  b e  important  t o  determine whether 

t h i s  high-mass p a r t  a l s o  has  an energy dependence c o n s i s t e n t  wit-h a d i f f r a c -  

t i v e  i n t e r p r e t a t i o n .  

Combining Figs.  l ( a - e )  we o b t a i n  du/dbI2 inc lus ive ,  shown i n  Fig. l ( f ) .  

The pion d i f f x a c t i o n  d i s s o c i a t i o n  c o n t r i b u t i o n  i s  given i n  Fig, l ( g ) ,  which i s  

simply do/d?y2 f o r  events  wi th  6 8 prongs, a f t e r  s u b t r a c t i o n  o f  non-diffract ive 

2  -1 
. background. The curves  i n  Fig.  l(g) show t h e  f u n c t i o n a l  forms d u / d ~  - M , 

- 2 
M 2, and M - ~ ,  a l l  normalized t o  t h e  measured value  of  d o / d ~ ~  a t  1 0  GeV . A 

-2 2 
dependence between M and M - ~  reasonably r e p r e s e n t s  t h e  d a t a  f o r  5 < M < 40 - - 

2 
G e V  . I f  t h e  p ion  d i f f r a c t i v e  p a r t  of  r e a c t i o n  (1) is produced by Pomeron 

4 
exchange, t h e n  tr iple-Regge theory  would p r e d i c t  do/dM2 - M~ and M - ~  f o r  

PPP and PPR coupling,  r e s p e c t i v e l y ,  where P i n d i c a t e s  t h e  Pomeron t r a j e c t o r y  

and R, t h e  e f f e c t i v e  meson t r a j e c t o r y .  

t-dependence.-The t-dependence of  r e a c t i o n  (1) i s  d i sp layed  i n  Fig. 2  - 
which shows: ( a )  do/dt s e p a r a t e l y  f o r  2-, 4-, 6, and %prongs i n  t h e  p i o n  

2 2 .  
d i f f r a c t i o n  region,  M < 32 GeV ; and ( b )  i n c l u s i v e  do/dt  f o r  s e v e r a l  ranges  

2  
of 1.I . N1 of t h e s e  d i s t r i b u t i o n s  have a  s imple  exponent ia l  f a l l o f f  i n  t. 

There i s  no evidence f o r  a  turnover  i n  t h e  f ~ r w a r d  d i r e c t i o n  (excep t  i n  du/dt 

2 2 
f o r  32 < M C 100 GeV , where t h e  tu rnover  is  c o n s i s t e n t  wi th  being a  kine- 

matic c f f e c t  associated with minimum allowed momentum t r a n s f e r ) ,  Exponential  

b t  
s lopes,  b, were ohta incd by f i t t i n g  each du/dt t o  t h e  form Ae . I n  Fig. 2 ( a )  

we f i n d  b = 8 G ~ v - ~  wi th  l i t t l e  dcpcndcncc on charged m u l t i p l i c i t y .  We 

-2  
s c e  from Fig ,2(h)  t h a t  b  f a l l s  r a p i d l y  from a value  of  9 . l i O . 6  GeV f o r  



2  2  2 2 
M < 4 GeV t o  about 6.5 G ~ v - ~  f o r  bI between 11. and 100 GeV . For comparison, 

-2 2  
the  slope for  e l a s t i c  s ca t t e r ing  is 9.0f0.7 GeV 

Charged multiplicity.-In Fig. 3 ( a )  we show t h e  charged mul t ip l i c i ty  

2  2  d i s t r ibu t ion  for  pion d i f f r ac t ion  with M < 32 GeV , and 2or np -t anything * 
( i n e l a s t i c ) .  The average charged mul t ip l i c i ty  f o r  pion d i f f r a c t i o n  is 3.8k0.2, 

which i s  about half  of t h e  overall. average charged mul t ip l ic i ty ,  8,020.12. 

Figure 3(b) shows t h e  average charged mul t ip l ic i ty ,  (nx), and dispersion, 

2  2 1/2 2  
D~ = ( (nx)  - (nx) ) , a s  a function of M f o r  t h e  system X which r e c o i l s  

against  the proton i n  react ion (1). A s  mentioned before, biases  due t o  t h e  

2  2  1.4 G ~ V / C  cutoff i n  proton momentum a r e  negl ig ib le  up t o  M = 180 GeV . 
For comparison, Fig. 3(b) a l so  shows t h e  average charged mul t ip l ic i ty ,  (nC), 

2  
and dispersion, D fo r  n-p + anything ( i n e l a s t i c ) ?  a s  a  function of Q , 

c' 

where, f o r  center-of-mass energy Js, Q = Js - m - m . We observe t h a t  
P  f i .  

(n ) and (n ) are  remarkably s imi la r  over a  broad range of energy extending 
X C .  

2  
from M~ = 1 up t o  M~ = 200 GeV . The dispers ions D and D axe a l s o  qu i t e  

X C 

2 
s i m i l a r ,  p a r t i cu la r ly  above 10 GeV . 

Although our da ta  do not allow a  p rec i se  determination of t h e  functional 

2  
dependence of (n ) o r  D on M, we note  t h e  following t rends:  (1) f o r  M 2 

X X 

2 
10 GeV , (n,) and Dx a r e  cons is ten t  with logarithmic dependences of t h e  form 

2  
(n ) = 0.3 + 1.3@ M2 and D = 0.2 -1- 0 . 6 b  1.1 [ s o l i d  s t r a i g h t  l ines ,  Fig. 

X X 

2  
3(b)].  A LTJ "1 behavior fo r  (n ) is  predicted by triple-Pomeron theory6 i n  

2 2  
t h e  high-irass d i f f r a c t i v e  region, 10 5 M 2 30 GeV , and a l so  by t h e  ABFST 

2  2 
multiperipheral model7 fo r  I.1 ;? 20 GeV . ( 2 )  For t h e  p ion-d i f f rac t ive  

region a s  a  whole, ( n  ) i s  consis tent  with a  power-law dependence of t h e  
x  

I1 
form a  .t b1.1 , with f i t t e d  values a  = 1.3*0.6, b  = 0.6i0.4, and n  -- 1.1k0.4 

2  
fo r  1 5 K2 B 32 GeV [dashed curve, Fig. 3(b)] .  This is  compatible with 

8 
both the  nova ~nodcl mid the d i f f r a c t i v e  exc i t a t ion  modellg which p red ic t  
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Table I. Cross sections for nbp + p + X 
with recoil proton momentum 5 1.4 G~V/C. 

-- -- - - --.A 

2 2 Pion sinqle 
M < 32 GcV , 
no background 

diffractionb (mb) 

subtraction - 
Prongs 

(mb) M~ < 32 M~ < I+ 

Totals 2.3+0.2 l.920.2 1.OIfO.l 

a 
Inelastic only. 

b~fter background subtraction described in text 

2 2 
(negligible for M < 4 GeV ). 



FIGURE C h P T I O N S  

Fig. I. ( a - c )  D i s t r i b u t i o n s  i n  M2 f o r  Cp -, p + X f o r  i n e l a s t i c  2-, 4-, 

&, 8- and 2 10-prong events .  The dashed curves  a r e  estimates o f  t h e  

non-d i f f rac t ive  background. ( f )  I n c l u s i v e  M2 d i s t r i b u t i o n  [sum of  (a-e) ] .  

( g )  I n c l u s i v e  k12 d i s t r i b u t i o n  f o r  p i o n  d i f f r a c t i o n  only. The curves  show 

M ,  and H-3 dependences normalized t o  t h e  measured v a l u e  of  do/dM 
2  

2  
at. 10 GeV . 

Fig. 2. (a) do/dt f o r  i n e l a s t i c  2-, b, &, and $-prong even t s  i n  t h e  p ion  

2  
d i f f r a c t i o n  region,  H2 < 32 GeV ; ( b )  i n c l u s i v e  do/dt f o r  s e v e r a l  ranges 

2 
of M . I n  ( a )  and ( b )  t h e  d a t a  f o r  0.01 < -t < 0.03 G ~ V ~  have been 

c o r r e c t e d  f o r  l o s s  of shor t ,  s t eep ly -d ipp ing  p ro tons  us ing  t h e  observed 

d i s t r i b u t i o n  of t h e  p ro ton  azimuthal  ang le  about t h e  beam d i r e c t i o n .  The 

b t  
s t r a i g h t  l i n e s  i n  ( a )  and ( b )  show f i t s  t o  t h e  form Ae , y i e l d i n g  t h e  

exponent ia l  s l o p e s  ind ica ted .  

Fig.  3. ( a )  Charged m u l t i p l i c i t y  d i s t r i b u t i o n  a t  205 G ~ V / C  f o r  Cp + anything, 

i n e l a s t i c  ( s o l i d  cu rve )  and f o r  p ion  s i n g l e  d i f f r a c t i o n  d i s s o c i a t i o n  wi th  

2  2  
M < 32 GeV (dashed curve) .  The curves  have been drawn t o  guide  t h e  eye. 

(b) Comparison of t h e  energy dependence of  t h e  average charged m u l t i p l i c i t y  

and d i s p e r s i o n  f o r  t h e  system X i n  c p  + p + X, i n e l a s t i c  (t), and f o r  

np -, anything, i n e l a s t i c  (A) ( ~ e f s .  2  and 5 ) .  The h o r i z o n t a l  a x i s  f o r  

2 n-P -+ p  + X i s  M2 and f o r  ' np -, anything it is Q , t h e  square  of t h e  

avai1.able center-of-mass energy. The dashed curve is  a f i t  t o  (n,) f o r  

n 
1 s M~ 5 32 cev2 of  t h e  form a + bM , wi th  n  = 1.120.4, a  = 1.30.6, 

and b  = 0.610.ll. The s o l i d  s t r a i g h t  l i n e s  show t h e  f u n c t i o n a l  forms 

2  2 (,, ) = 0.3 + 1 . 3 4  hi2 and [ ( n x )  - (nx)2~1/2 = 0.2  + 0 .6b  - 
X 
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