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Tho p o s a i b i l i t g  of producing narrow baryonltfm states in fl? collisions in 

tbe forward direction i s  lateresting for a variety of reasons, mere ts, of 

course, the whole controversy surrounding the S meson; any infomation regard- 

ing narrow p ' ~  statea around 1935 MeV will be helpful . &. addition, indications 

of produetian of narrow low maso ip stares cme from two inclusive reactf ons, 

the A C W R  90 GeV pp expathant and a 70 GeV photoproduction study ia the 

Omega spectrometer. Finally there is the result of the Toronto-goxk-Purdue 

coll  aboratiou, reported at: the last meet* of this emfarence, in which a Gg 
state was obsarped at 1955 MeV w i t h  r -10 MeV arrd produced w i t h  0- 300 pb 

at 11.5 GeV in the reaction. 

From a theoretical viewpofnt Jaffe has proposed that praducrioa of narrow 

six quark stares dght occur copiously at modeieate energ%es as a result of 

barywium exchange. This, be suggests, would provide a p r a d u c t h  mechanism 

consistent with the observed narrow ip decay width of the sta tes  claimed as 

barponium. 

Our experiment was carried out at the BNL Multiparricle Spectrometer 
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e ,  

(sat ~ i g .  l'of the follawiPg pqez). The data reported here werr obtained 

urhg a trigger which required only m e  fast ( > 4 W/c) forward negative 

track which did not fire an amaphetic Cher- counter (i or K-)  he 

trigger alro required that three or mora particles emerge frm the target, a 
~t low ip th. t d r o c y  of b o a  and p t o  go fozvr-rd cansen rma re- 

ductioo o f  t r f g g e r f a g  efficiency bacause o f  the singlo fast requ imt ,  %is 

daffact i s  t r t r ~ t f o r w a r d l y  calculable and ILs iacluded ia our m t e  Carlo 

acceptance calculatlm8. 

Our events are charactdzed by h a w  two or more long tracks w i t h  

well measured n q t a  and o m  or more short traclcs for which only m estimate 

UE h t i m  is possible. We select out: ermple of four p- events by testfag 

all eventr k ~ t f c a l l y ,  First short trarch a m  asdifgasd mamanta whhh 

aehiewe overall mammhma balance for the #eat ass- no missing particles. 

+ ~ h a a  wa ass~grr  th. txigger tract a mas m d  a IT mass to the track pjhich 

raaults in ~e b w t  o v e ~ a ~ l  bdanca tor th. event ass- i t  2s ;p~++~.  

%is results is the distdbutian of energy imbalance ehuw~ ia Ffg. 1. 

As ~spected Fig.  1 show. n clear peak at zero associated vith t h m  

+ - +  
-1 state, It also Micatee a second peak due t o  the II R rr p reaction as 

well aa a general boc-~tpd of evmts w%th  missing mutrals . From the hewn 

+ - + + ehape of the w r g y  -lance f o r  IC g IT p events treatad as i p ~ t  p wm 8s timate 

the b a c k g r d  w i t h i n  a 0.2 WV cut: around 0 GeV t o  be - 30%. 

gs r check on our aenaitlvity we have meusurad the t o p o l o g i d l y  sULar 

+ 
process n p + $ ~ + + b ~  triggaring sepaxately on mat. producing a forward nr 

We qrao w i t h i n  530% w i t h  other meaaur-nts of t h i e  reaction. To check our 
0 

effective mass scale and resolution we obsame the shape of the A + decay 

as obaemed in our apparatus. %e moss agrees well and the obsenred F6MMa 9 

MeV i n  the value predicted by our Monte Carlo program. 



+ Our Monte Car10 s imula t ion  of n p + ;PA++ i s  a b l e  t o  p r e d i c t  c o r r e c t l y :  

1 )  geometric  q u a n t i t i e s  - d i s t a n c e  of c l o s e s t  approach a t  t h e  v e r t e x ,  

2 x f o r  i n d i v i d u a l  t r a c k  f i t s ,  t h e  shape of hydrogen t a r g e t  ends ,  e t c .  

2) kinematic q u a n t i t i e s  - d i s t r i b u t i o n s  of momentum and energy imbalance. 

3) A' width  from forward n-p. 

0 + + *  + 0 
4 )  K width from rr p + K f Y  + KfpK , which checks o u r  hand l ing  of t h e  

+ - 
bzckward produced, slow, s h o r t  rr t r a c k s  from t h e  K O - ) ~  n decay. 

We p r e d i c t  from t h e  same Monte Carlo t h a t  our  pp e f f e c t i v e  mass. rneasure- 

ments f o r  s t a t e s  i n  t h e  1 .9  - 2.5 GeV range should have o - 2-5 MeV. 

Fig.  2a d i s p l a y s  t h e  pp mass d i s t r i b u t i o n  obtained.  It shows no evidence  

2 f o r  narrow peaks. A . f i f t h  o rde r  polynomial f i t  t o  t h e  spectrum g i v e s  a x /d.f.  

of 1.42. The 300 nb product ion  measured by t h e  Toronto-York-furdue f o r  a s t a t e  

a t  1955 MeV would appear a s  a 260 even t  excess i n  F i g  2a. If allowed t o  d i s -  

t r i b u t e  i t s e l f  over  two b i n s  (40 MeV) i t  would s t and  on a smooth background 

- I of -- 600 + 24 even t s  - a f l u c t u a t i o n  of more than LO s t andard  d e v i a t i o n s .  

We i n d i c a t e  a l s o  i n  Fig .  2b t h e  pp d i s t r i b u t i o n  f o r  e v e n t s  w i t h  a A ++ 
+ 2 

formed by t h e  n and t h e  slower p. .Again no peaks appear;  x /d . f .  f o r  a 

polynomial f i t  i s  1.27. 

From t h e  s p e c t r a  i n  Fig .  2 we can o b t a i n  upper limits at each mass f o r  

production of s t a t e s  w i t h  width  l e s s  than  o u r  r e s o l u t i o n  a t  t h a t  mass. Fig .  3 

shows t h e  95% confidence l e v e l  l i m i t s  obta ined.  We conclude t h a t  no narrow 

+ - + ip s t a t e s  a r e  .produced i n  n p + ppn p i n  the  mass range 1.9 - 2.5 GeV w i t h  

c r o s s  s e c t i o n s  above -- 20 nb. 
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Figure  Captions 

- + 
FIG. 1. ~ n e r g y  imbalance f o r  four  prong events when f i t t e d  t o  ppn p 

hypothesis .  

- + 
FIG. 2 .  pp e f f e c t i v e  mass spec t r a  f o r  the  ppn p f i n a l  s t a t e .  (a) all 

+ 
events ,  (b) events wi th  a A++ formed by t he  n and slower p. 

FIG. 3. 95% confidence l e v e l  upper limits f o r  production of pp s t a t e s  

- + 
with  width l e s s  than our r e so lu t i on  a t  each mass. (a) a l l  ppn p events ,  

+ 
(b) A++ formed by n and slower p. 
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