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Double Poo~eron Exchange (OFE) events fro111 t h e  r e a l t i o n  
+ - 

pp + ppn 7 a t  200 and 300 GcY/c have been i d e n t i f l e d  us ing  the  Fermi lab 

30-tnch bubble chamber-wide gap spark chamber h y b r i d  system. C-05s 

sec t ions ,  d i s t r i b u t i o n s  i n  tk,e square o f  t h e  four-o~omcl;tun t r a n s f e r  and 

pro ton-pro tsn  azialuthal ang le  a re  i n  general  agreenent w i t h  t h e o r e t i c a l  

cons idera t ions .  
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A nulnbcr of experimental f o r  the Double Porneron 
+ - 

Exchange ( D P E )  process have been made in the reactions ( 1 )  pp  -* ppn r; , 
- - + -  

( 2 )  r p A n p,r n and (3)  pp + ppX. The existence of a process in  which 

the  Pomcron occurs Bore than once i s  a crucial  ingredient in not only 

understanding the properties of the Pomero~i, but a l so  in  e lucidat ing the  

very notion of the ~omcron~-'.  Because of the sniall crass  sect ions  

involved, such exper intents a r e  general 1 y d i f f i c u l t  and consequently 

l i t t l e  i s  known of the nature of the DPE process. 

We present a study of the OPE process based on 305 (633) events 

of reaction (1)  obtained i n  the  Fermilab 3D-inch hydrosen bubble chamber- 

wide gap spark chamber hybrid system1' a t  200 (300) GeV/c. These data 

r e s u l t  from two rneasureinent passes of a t o t a l  of 3377 (4153) foar-prong 

events. We have rcquired the iden t i f i ca t ion  cf J slow proton (up t o  

s1.4 GeV/c) by ionization and a mii~irndm length of 20 cm fo r  forward-going 

tracks.  Each event was precessed through the kinematic f i t t i n g  program 

SOg!\d and required t o  give a four-constraint  probabil i ty > 4%. In addi t ion,  
t 

a l l  hypotheses givirlg a Fey~mdn x-value > 0.5 of the n were re jected.  
t 

This condition i s  consister;t with the  observed ,I x . d i s t r ~ b u t i o n  fo r  

x i 0, which by sy111111etry r~lust be identical  t o  t h a t  f o r  x > 0. 

We plot  in Fig. 1 ( a , > )  the  confidence level d i s t r ibu t ions  ( C L D )  

of " t a rge t  dissociation" (m > n2, sample A)  and "beam dissociat ion" 1 
+ - 

( I  < m2, ~ a n ~ p l e  B) events,  where nl (III ,)  i s  t h e  11ldss of the  Pfas t  n 3 1 L 

(Psl"lll rtn-) syste111. Possible contan~ination i s  ev ide~ced  by the n0nvr.i- 
+ - 

for~ility o f  both d i s t r ibu t ions  and l i ke ly  or iyinates  fro111 ppa n n o ,  

4 - 
ppn+n-2n0, . . . . , ppn n n n O  reactions (with respective cross sections 

o . 02, ...., o n ) .  Assigning probabi l i t i es  PI, P p ,  ...., Pn f o r  these 1 



r9  m u l t i p l i c i t y  o f  1  .512, we f i n d  the contaminat ion i n  salrlple A(B) t o  be 

1156 (24?9)%, i n  good agreement w i t h  t h e  p r e v i o u s l y  quoted r c s u l  t s  . 
F i n a l l y ,  we have s tud ied  a  san~ple o f  events w i t h  conp le te  bubble 

chamber-spark chamber i n fo rma t ion .  When we u t i l i z e  the  much improved 

~ ~ l n l e n t u n  r e s o l u t i o n  g iven by  t h e  h y b r i d  systemlo, we f i n d  t h a t  6 o u t  of 

26 events i n  sample A and 13 o u t  o f  37 events i n  sample B  must be r e j e c t e d  

on t h e  bas i s  o f  t h e i r  respec t i ve  CLD's, i n d i c a t i c g  contaminat ions o f  

23k l lX  and 35i.12;: r e s p e c t i v e l y  f o r  the  cor~~bined 230 and 300 GeV/c data, 

The CLD's o f  these events w i t h  (dashed histogram) and w i t h o u t  ( s o l i d  

histogram) spark chamber i n fo rma t ion  a r e  shown i n  F ig .  1  ( g  , h j .  Ayain, 

these r e s u l t s  < r e  c o n s i s t e t ~ t  w i t h i n  error-s w i t h  prev ious r e s u l t s ,  l ead ing  

us t o  conclude t h a t  we have i d e n t i f i e d  the  sources and magnitude u f  

backgruund i c  ou r  evcnt  sample. 

A f t e r  c o r r e c t i n g  f o r  c o n t a d n a t i o n ,  t h e  cross s e c t i o n  :or r e a c t i o n  

( 1 )  w i t h  a  slorr p ro to l l  a t  200 (300) Gevlc i s  6 0 5 4 1  (659+63)1rt)13. Th is  

c o r r e c t i o n  is  based on tne  r e s u l t s  o f  t h e  th ree  techniques d'scussed p re -  

v i o u s l y .  Our value a t  203 GeV/c i s  i n  gcod agre f i l~?nt  w i t l .  t h a t  o f  

D e r r i c k  -- e t  a1. l4 (680+140D~) ,  

Turn ins  t o  a  d iscuss ion  o f  the  DPE process, we de f i l - c  t h e  Z 

2 v a r i a b l e  a f t e r  Chew and Zi = ~ n ( i / n j ) ,  w i v e  s  i s  t h e  o v e r a l l  

c e n t e r - o f - ~ i ~ a s s  energy squared. We f u r t h e r  d e f i n e  tl ( t - )  a$ t h e  square o f  
-L 

t he  four-mo~:v?ntum t r a n s f e r  between the  t a r 2 e t  p ro ton  dnd slrjw pro:ul 

( p i - o j e c l i l e  p ro tun  and f a s t  p ro ton)  and, f o r  the  present  d iscuss ion ,  3PE 

evenis a r e  def ined as those s a t i s f y i n g  the  rcrquireinents Z1, Z2 > 2.3; 

It, 1 %  ItZ]  < 0.3 ( ~ e v / c l ~ .  The CLD's o f  these events, shown shaded i n  

Fig. I ( a , b ) ,  a r e  uni form; howcver t w i c e  as many events are  o b s e r ~ c d  i n  

saslple U(D6) as i n  sample A(43) .  Accordingly ,  we have s t u d i e d  the  e f f e c t s  



lower bound on Z, and Z2. The so l id  curve i s  our calculat ion,  based on 

7 t h e  work of Chew and Chew . Also shown i s  a second calculat ion (dashed 

curve) ,  sin;il<:r t o  t h a t  of re f .  7 ,  b u t  using Pollleron ternis resul t ing from 

f i t s  t o  the  t r i p l e  Regge model16. T h e  data coalpare favorably wit1 both 

c a l c u l ~ t i o n s ,  b u t  are somewhat h i g h  when the lower bound on Z i s  l e s s  

than ~ 2 . 6 ,  This could be due to overlap o f  s ingly d i f f r ac t i ve  events 

i n  t h i s  region. 

This new illeasurerrler,t of the  Z dependence of the  DI'E crcss section 

pe r~ r~ i t s  a  d i r e c t  comparison with previsus r e su l t s  frcni the  I S k .  For  

example, the 20t4 i ~ b  cross sect ion r e c e n t l y  r q o r t e d  a t  the CELi4 ISR a t  

s ?r 500 G ~ V '  agrees qu i te  well with odr value o f  ; I L G  !ILI f o r  Z - 3.0 ,  

where i t  has been pointed out1'  t h a t  the kinernitlcs o f  t he  twc cxperirilents 

overlap t o  2 consioerable degree. 



FIGURC CAPTIOtiS 

Fig. 1. Confideme level d i s t r ibu t ions  for  " t a rge t  d issocia t ion" ( A )  

and "beam dissociat ion" (B) samples a t  200 a n d  300 GeV/c for :  

(a ,b)  a l l  exarrples of reaction (1 )  with a  slow p r o t c ~ , ,  r t i t h  

background events removed (dashed) and DPE events st-,aded; 
$ - 

(c ,d )  fake ppn 7 events,  with DPE events shaded; ( e , f )  events 
+ - 

f i t t i n g  ppit ir , but w i t h  2 v i s ib l e  electron p a i r ,  and OPE 

events shaded; and  (g ,h)  events with complete hybrid data ,  

p lot ted usin9 only bubble charnber data ( s o l i d )  and the complete 

bubble chamber-spark cbaxber data (dashed). 

F ig .  2. ( a )  Cornb~ned t l -  ond t2 -d i s t r ibu t ion  f o r  events a t  200 and 330 

GeV/c sa t i s fy ing  the  DFE c r i t e r i a .  The so l id  curve repres&r~ts  

the form e  -'ItJ; (b)  distribu:ion af  the  proton-proton :rar~sverse 

rno~,lentcm azin~uthal angle f s r  the same evc i t s  as in ( a )  and f3r  

a l l  events of redction ( 1 )  (dashed); and ( c )  cross sectioos fo r  

the  DPE process versus the lower bound on Z1 and Z 2  con:$arcd 

with calcuiat ions  based on r e f .  7 ( s o l i c  curve) and ry:.  16 

(dashed curve).  
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