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SEARCH FOR NARROW ~ i ( n )  STATES IN 16 GeV/c 
IT-p AND 5 GeV/c pp INTERACTIONS 

* 
S. U. Chung 

Physics Department, Brookhaven National Laboratory 
Upton, New York 11973 

INTRODUCTION 

We report here on the searches for narrow baryon-antibaryon 
(BB) bound states from two recent experiments carried out at the 
BNL Multiparticle Spectrometer. First, we present the results of a + search for narrow states in the pp, Apa- and ppa+ systems from IT-p 
interactions at 16 GeV/c. The data come from an experiment carried 
out by physicists from BNL, Brandeis, CCNY, Southeastern Massachu- 
setts, University of Massachusetts.l Next, we show results of a 
search for narrow pp states from pp interactions at 5 GeV/c, an 
experiment with collaborators from BNL, Brandeis, University of 

A Cincinnati, Florida State University, and Southeastern Massachusetts ; 
University. --- 2 

kep DATA AT 16 GeV/c 

seen 

This experiment was conceived in part to further scudy the two 
:ates with widths less than 25 MeV and masses 2020 and 2200 MeV 
in a CERN Q-spectrometer experiment by Benkheiri, et a1.3 

Although a number of .experiments looked for these states in formation 
as well as production processes, ours is the first.to,have searched 
for them in the same reaction as that of the CERN experiment with 
similar trigger techniques and acceptance. 

The reaction studied is 

where p (p ) refers to a fast (slow) proton in the laboratory. The f s 
trigger for this study required detection of a fast forward proton 
with momentum between 8 and 12,GeV/c, implemented via two three- 
dimensional coincidence-matrix (RAM) logic systems and two gas 
rerenkov  counter^.^ A total of' 3.4 x 106 proton triggers were 
recorded, and ~ 8 0 %  of them have been analyzed to date, corresponding 
to a raw sensitivity of 62 ev/nb. 

I The events have been processed through our chain of data- I 
. reduction programs, yielding finally a total of %7 K events with I 

! 
. acceptable four-constraint kinematic fits to reaction (1). We es- ; 
timate that the contamination from non-4C background in this final 

*Research supported by the U. S. Department of Energy under contract 
D E - A c O ~ - ~ ~ C H O O O ~ ~ .  



- +  0 n-p + (hpn )X ( 2 ) ;  X *  3 ;  ( 6 p ~ ' ) ~ '  ( 4 ) ;  

s i i n i p . 1 . ~  i.2 l i : : , ~  c h a u  3%;. ;:n F i g .  l a  we present :  t h e  M(pfn-1 s p e c t r u m  
s l ~ o w : ~ n g  c 1 e - t ~  bU(i2 :18)  al:t6l N0(1520) peaks  i n  o u r  d a t a .  F i g .  l b  

shows t h e  spec t rum bI(pps) of t h e  r e -  
c o i l  sys tem.  . There  i s  no e v i d e n c e  

where  X d e n o t e s  t h e  r e c o i l i n g  sys tem o f f  t h a t  b e i n g  s t u d i e d .  Note  
t h a t  t h e  Apn- sys tem is  e x p , l i c i t l y  e x o t i c ,  whereas  t h e  A i m +  and ppn+ 
s y s t e m s  r e q u i r e  I = 312 and Q = 2 e x o t i c  meson exchanges .  The pro-  
t o n s  i n  ( 4 )  and t h o s e  from t h e  A d e c a y  i n  (2 )  and ( 3 ) ' a r e  t h e  t'rig- 
g e r e d  p a r t i c l e s ,  i d e n t i f i e d  by two Cerenkov c o u n t e r s ,  and  t h e  p ' s  i n  
( 2 ) ,  ( 3 )  and' (4 )  were r e q u i r e d  o f f - l i n e  t o  go th rough '  one  Cerenkov 
c o u n t e r  w i t h o u t  y i e l d i n g  l i g h t .  The l a t t ' e r  r e q u i r e m e n t  e l i m i n a t e d  
T-'s,  b u t  some K-'s do remain i n  o u r  sample ,  c o n t r i b u t i n g  t o  t h e  gen- 
e r a l  background i n  t h e  mass s p e c t r a  b e i n g  s t u d i e d .  

No s i g n i f i c a n t  na r row peak is  observed  i n  any  of t h e  s p e c t r a  , 

( n o t  shown). A t  2 .5  G e V  t h e  2  o u p p e r  l i m i t s  f o r  h i n +  (A pn-) s t a t e s  
w i t h  w i d t h  less t h a n  40 MeV . a r e  s 2 5  n b  (30 n b ) ,  and f o r  ppr+ w i t h  
w i d t h  l e s s  t h a n  20 MeV i t  is  s 2 5  nb .  The r m s  mass r e s o l u t i o n  a t  2 .5  
G e V  i s  e s t i m a t e 2  ' t o  be  less t h a n  20 MeV f o r  a l l  t h r e e  mass s p e c t r a .  

f o r . t h e  p r o d u c t i o n  of 2020 and 2200 
M e V  s tates i n  o u r  d a t a .  We have'  gone 
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O) 
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t o  enhance . t h e  baryon-exchanged pro- 
. d u c t ? o n  of t h e  pp sys tem,  b u t  no' 
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s i g n i f i c a n t  p e a k s  have been o b s e r v e d  , 
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w i n  t h e  e n t i r e  pp mass r a n g e .  

I I 
Using t h e  c a l c u l a r e d  a c c e p t a n c e  

I 

1,8  2.0 and t h e  e x p e r i m e n t a l  and da ta - reduc-  

M (pf  n-1 G e V  , ti611 l o s s e s ,  we e s t i m a t e  t h a t  t h e  

150 o v e r a l l  v i s i b l e  s e n s i t i v i t y  o f  o u r ,  
p r e s e n t  d a t a  r a n g e s  from 8 e v / n b  a t  

>, 
2 

M(ppS) = 2.Q2 GeV w i t h  A0(1238) t o  5 
0 100 ev/nb a t  ~ ( p p , )  = 2.20 G e V  w i t h  No 
N 
\ (1520) .  From t h e s e  w e  c o n c l u d e  t h a t  
cn 
I- t h e  2  a upper  l i m i t  c r o s s  s e c t i o n s  
$ 50 are  3 .0  n b  f o r  t h e  2020-MeV s ta te  (ob- 
> 
w t a i n e d  from t h e  pp spec t rum w i t h  A0 

and NO s e l e c t i o n s )  and 2.0 n b  f o r  t h e  
2.0 2.4 2.8 3.2 3.6 2200-MeV s t a t e  ( f rom AO e v e n t s  a l o n e ) .  

M I P P )  GeV These  v a l u e s  a r e ' t o  b e  compared t o  
._. . __ - -  -- . t h e  c o r r e s p o n d i n g  c r o s s  s e c t i o n s  

F i g .  l ( a , b ) .  ~ ( ~ ~ n - )  and quo ted  i n  B e n k h e i r i ,  e t  a ~ . ~ :  36 i 9 
M(pp) s p e c t r a  f o r  r e a c t i o n  n b  f o r  2200-MeV s t a t e  and 2 1  + 5 nb 

(1 )  f o r  2200 M e V  s t a t e  a t  1 2  ~ e V / c .  The 
rms mass r e s o l u t i o n  of o u r  d a t a  i s  

b e t t e r  t h a n  7 ( 1 1 )  MeV a t  2020 (2200) MeV,  s u f f i c i e n t  f o r  o b s e r v a t i o n  
of n a r r o w  pp states,  i f  produced i n  o u r  d a t a .  

W e  have i n  a d d i t i o n  s e a r c h e d  f o r  na r row s t a t e s  i n  t h e  meson- 
exchange r e a c t i o n s  



pp' DATA AT 5  GeV/c 

We have i n v e s t i g a t e d  t h e  ip sys tem produced i n  t h e  baryon-exchange 
p r o c e s s  

a t  5  GeV/c. The p  i s  t h e  f a s t  fo rward  p r o t o n  ( p  % 1 . 2  G ~ v / c ) ,  t r i g -  
f  g e r e d  w i t h  t e a i d  of the. RAM l o g i c  sys tem and a  h i g h - p r e s s u r e  Ceren- 

kov c o u n t e r . 8  Both pf and p were r e q u i r e d  t o  have momenta g r e a t e r  
t h a n  1 . 8  GeV/c f o r  t h e  maximum e f f i c i e n c y  of t h e  Cerenkov c o u n t e r .  

T h e  a d v a n t a g e s  of t h i s  exper iment  o v e r  p r e v i o u s  e x p e r i m e n t s  f o r  
narrow BB s e a r c h e s  a r e  two-fold:  f i r s t ,  o u r  beam momentum a t  5 G e ~ / c  
f a v o r s  baryon-exchange r o c e s s  compared t o  a meson beam a t  12 GeV./c, 
where U r n k h e i r i ,  e t  a1.9 saw two narrow ip s t a t e s  a t  2 . 0  and 2 .20  
GeV. Second, t h e  four-momentum t r a n s f e r  s q u a r e d  from t h e  6 beam t o  
t h e  pp  f i n a l  s t a t e  c a n  becom'e . p o s i t i v e ,  t h u s  a l l o w i n g  f o r  c l o s e r  
approach  t o  t h e  b a r y o n ,  p o l e s .  We est i m a t e  t h a t  t h e  combined e f f e c t s  

. amount t o  a n  enhancement f a c t o r  of ~ 3 0  compared t o  t h e  exper iment  of 
B e n k h e i r i ,  e t  a l .  

The sample  of d a t a  p r e s e n t e d  h e r e  c o r r e s p o n d s  t o  a  raw s e n s i t i v -  
i t ' y  o f  6 . 5  nb- l .  The m i s s i n g  mass spec t rum r e c o i l i n g  o f f  pp ( n o t  
shown) shows c l e a r  peaks  a t  no and p O ,  r e s p e c t i v e l y ,  d e m o n s t r a t i n g  
o u r  s u b s t a n t i a l  accep t . ance '  f o r  t h e  r e a c t i o n  ( 5 ) .  We e s t i m a t e  that 
non--no ( o r  non-do) background i n  o u r  d a t a  is  l e s s  t h a n  50%. F i g s .  

0 !a and b  show t h e  pp  m a s s  s p e c t r a  f o r  t h e  IT and..po e v e n t s .  N o  s i g -  
n i f i c a n t  peak w i t h  wi'dth % 20 MeV , 
a r e  s e e n  i n  o u r  d a t a .  The super -  
posed c u r v e s  are o u r  e s t i m a t e  of 
t h e  o v e r a l l  a c c e p t a n c e ,  o b t a i n e d  
v i a  MC e v e n t s S 5  The rms mass 
r e s o l u t i o n  a t  2.20 GeV i s  est i-  
mated t o  b e  less t h a n  1 5  M e V .  
We o b t a i n  a 2 a u p p e r - l i m i t  c r o s s  
s e c t i o n  of 130  nb (75 nb) f o r  a  - 
pp s ta te  a t  2 . 0  G e V  (2 .2  GeV) 

1.9 2.0 2.1 2.2 2.3 w i t h  wid.th less t h a n  20 MeV f o r  
G e V  no e v e n t s .  For  p 0  e v e n t s  t h e  

c o r r e s p o n d i n g  upper  l i m i t s  a r e  
F i g .  2 ( a , b ) .  ~ ( 5 ~ )  s p e c t r a  f o r  ~ 5 0 %  h i g h e r  t h a n  t h o s e  o f  t h e  . . 

r e a c t  i o n  ( 5 ) .  IT' e v e n t s .  

SUMMARY AND CONCLUSIONS 

' We have p r e s e n t e d  h e r e  t h e  l a t e s t  r e s u l t s  of a s y s t e m a t i c  s e a r c h .  
f o r  na r row BB s t a t e s  i n  two BNL MPS e x p e r i m e n t s  r e q u i r i n g  f a s t  f o r -  
ward p r o t o n s  i n  t h e  t r i g g e r .  We have  found no s i g n i f i c a n t  na r rcw 
peaks  w i t h  w i d t h s  l e s s  t h a n  40 MeV i n  a l l  t h e  s p e c t r a  w e  have exam- 
i n e d  s o  f a r .  

111  he experirnenr w i r h  T-p i n t e r a c t i o n s  a t  I b  GeV/c, we o b t a i n  
2 0  upper  l i m i t s  of less t h a n  3  n b  f o r  pp s t a t e s  a t  2 .0  t o  2 - 2  G e V  



w i t t l  widt l l s  - less cliau 2 0  MeV. t3ascd un t l . ~ e  c r p s s  s e c t i o n s  f o r  2.02 
and Y . L O  pp s c a r e s  r luotrd by B e o k t l r i r i ,  e t  al. nod . . assuming baryon- 
exchange p r o c e s s e s  for prociucciisn of t t l e se  s t a t e s ,  we sl lould have s e e n  
b e t t e r  t h a ~ ~  5 o s i g n a l s  ' a t  o u r  e n e r g y .  We have i n  a d d i t i o n  s e a r c h e d  - 
f o r  na r row s t a t e s  i n  /Ip.lrk and pp.,r+ sys tems ;  2  u upper  l i m i t s  a r e  30 
nb f o r  t h e  s t a t e s  w i t h  widt112 l e s s  t h a n  40 MeV. 

I n  t h e  exper iment  w i t h  pp i n t e r a c t i o n s  a t  5 GeV/c, we have l o o k e d  
i f o r  narrow pp s t a t e s  produced by baryon-exchange w i t h  e i t h e r  no o r  , 

p0 a s  r e c o i l i n g  p a r t i c l e s .  Given a n  'enhancement f a c t o r  of ~ 3 0  f o r  o u r  
e x p e r i m e n t  and t h e  c r o s s  s e c t i o n  of ~ 3 0  nb quo ted  i n  t h e  paper  by 
B e n k h e i r i , . e t  al. , 3  we shou ld  have s e e n  t h e  pp s t a t e s  w i t h  c r o s s  s e c -  
' t i o n s  of t h e  o r d e r  of ' ~ 1  pb. I n s t e a d ,  w e  f i n d  t h a t  2 a 'upper l i m i t s  
a r e  130 nb f o r  a G p  s t a t e  w i t h  l e s s  t h a n  20 MeV and mass below 2 . 2  
GeV. 
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