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Approximately 1900 events were obtained in the differential  c ross  section measurements  of the reaction 
17 + + p ~ K  + + Y* (1385). Forward peaks were found with slopes of 2.3 ± 0.3 and 2.6 ± 0.4 (GeV/c) -2 for  
4 and 5.05 GeV/c respect ively .  This data together ~ith that on other decuplet production reactions g ives  
evidence of a large SU(3) violation as would be expected f rom the mass  splitting of the strange and non- 
strange exchanged par t ic les .  

We r e p o r t  on the  r e s u l t s  of a r e c e n t  e x p e r i m e n t  
on the r e a c t i o n  17+ + p ~ K + + Y* (1385) a t  4 and  
5.05 G e V / c .  The  d i f f e r e n t i a l  c r o s s  s e c t i o n s  fo r  
the  r e a c t i o n  w e r e  m e a s u r e d  a s  a func t ion  of 4 -  
m o m e n t u m  t r a n s f e r  f r o m  t = -0 .1  to t = -1 .0  
(GeV/c )  2. The  a p p a r a t u s  u s e d  in the  e x p e r i m e n t  
i s  the  s a m e  a s  tha t  u s e d  to s tudy  the  r e a c t i o n  
7r + + p ~ K  + +  E + [ 1 ] .  

The  m o m e n t u m  and the  s c a t t e r i n g  ang le  of the  
f o r w a r d  K + w e r e  d e t e c t e d  wi th  a w i r e  s p a r k  
c h a m b e r  s p e c t r o m e t e r  c o n n e c t e d  to an o n - l i n e  
c o m p u t e r  (ASI 6020). T h i s  a l l o w e d  c a l c u l a t i o n  of 
the  m i s s i n g  m a s s .  A s e t  of 4 w i r e  c h a m b e r s  d e -  
t e c t e d  the s e v e r a l  c h a r g e d  d e c a y  p r o d u c t s  of the 
Y*, m o s t  i m p o r t a n t  of w h i c h  w a s  the  p ro ton .  

The  Y* (1385) ' s  p r o d u c e d  in  the  r e a c t i o n  d e c a y  
l a r g e l y  (90o/0) in to  17+ and A °.  The  k i n e m a t i c s  of 
the  d e c a y  p r o c e s s  Y* (1385) ~ 17+ + A, A ~ p + n- 
i s  s u c h  tha t  a t  the  t v a l u e s  m e a s u r e d  the  p r o t o n  
i s  con f ined  to a r e l a t i v e l y  s m a l l  cone  n e a r  the  
d i r e c t i o n  of Y* (1385) p r o d u c t i o n .  In add i t i on  
o f t en  one o r  two a d d i t i o n a l  t r a c k s  would  be  e x -  
p e c t e d  due to the  o t h e r  Y* (1385) d e c a y  p r o d u c t s .  
T h e s e  two c i r t e r i a  w e r e  u s e d  to r e d u c e  b a c k -  
g round .  

F ig .  1 s h o w s  the  m i s s i n g  m a s s  s q u a r e  p l o t s  
fo r  the e v e n t s  wi th  one  t r a c k  wi th in  the  p r o t o n  
cone  and f o r  the e v e n t s  w i th  two t r a c k s  o r  t h r e e  
t r a c k s  in the Y* c h a m b e r s .  The  c e n t e r  peak  of 
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Fig. 1. Spectrum of miss ing mass  squared.  Solid curve 
requi res  one part icle within kinematically allowed proton 
cone. Dashed curve requi res  detection of two or three 

par t ic les  in Y* chamber.  

the m i s s i n g  m a s s  s p e c t r u m  l o c a t e d  a t  1.91 (GeV) 2 
i s  the Y* (1385). The  peak  on the  lef t  c o r r e s p o n d s  
to ~, + f r o m  the  r eac t ionTr  + + p ~ K  + +  ~+. S ince  
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only  one  t r a c k  i s  f o r m e d  in  E +  d e c a y  in to  p r o t o n  
and  rr o, t he  ~ +  p e a k  d i s a p p e a r s  in  the  m i s s i n g  
m a s s  s q u a r e d  d i s t r i b u t i o n  fo r  2 and  3 t r a c k  e v e n t s .  

An e v e n t  w a s  a c c e p t e d  a s  a Y* (1385) c a n d i d a t e  
if  t he  K + had  the  c o r r e c t  m o m e n t u m  f o r  a Y* 
(1385) m i s s i n g  m a s s  and  if  e i t h e r  t h e r e  w a s  a 
s i n g l e  t r a c k  w i t h i n  the  a l l o w e d  p r o t o n  cone  o r  
t h e r e  w e r e  two o r  t h r e e  t r a c k s  in the  Y* c h a m b e r .  
(The  p r o t o n  cone  c r i t e r i a  cou ld  not  b e  u s e d  on two 
o r  t h r e e  t r a c k  e v e n t s  b e c a u s e  of the  a m b i g u i t y  in  
s F a c i a l  r e c o n s t r u c t i o n .  ) C o r r e c t i o n s  to  the  d a t a  
a r e  s i m i l a r  to  t h o s e  d i s c u s s e d  in  ou r  r e c e n t  
p a p e r  on K + + E + p r o d u c t i o n  w i t h  the  e x c e p t i o n  
of the  c o r r e c t i o n s  fo r  two t r a c k  e f f i c i e n c y  of the  
s e t  of w i r e  c h a m b e r s  w h i c h  d e t e c t e d  the  Y*. T h i s  
e f f i c i e n c y  w a s  m e a s u r e d  to b e  60%. S ince  60% of 
the  d a t a  w e r e  t r a c k s  w h e r e  on ly  the  p r o t o n  w a s  
d e t e c t e d  and  fo r  w h i c h  the  e f f e c i e n c y  w a s  h igh ,  
the  o v e r a l l  d e t e c t i o n  e f f i c i e n c y  f o r  Y* d e c a y  p r o -  
d u c t s  w a s  80%. The  d o m i n a n t  e r r o r  in  the  f i n a l  
r e s u l t s  w a s  due to u n c e r t a i n t y  in the  b a c k g r o u n d  
s u b t r a c t i o n .  The  e r r o r s  s h o w n  on the  d a t a  in  fig.  
2 a r e  l a r g e l y  s y s t e m a t i c  u n c e r t a i n t i e s  in  t h i s  s u b -  
t r a c t i o n .  The  s t a t i s t i c a l  e r r o r s  by  c o m p a r i s o n  
a r e  n e g l i g i b l e .  

T h e  c u r v e s  show the  f o r w a r d  p e a k s  t y p i c a l  of 
e x c h a n g e  r e a c t i o n s .  T h e  s l o p e s  of the  c u r v e s  a r e  
2.3 ± 0.3 and  2.6 ± 0.4 ( G e V / c )  -2  fo r  4 and  5.05 
G e V / c  r e s p e c t i v e l y .  T h e s e  v a l u e s  a r e  r e l a t i v e l y  
s m a l l  in  c o m p a r i s o n  w i t h  the  s lope  f o r  the  K + + ~.+ 
r e a c t i o n .  By i n t e g r a t i n g  d e / d r  in  the  f o r w a r d  
p e a k s  we o b t a i n  c r o s s  s e c t i o n s  of 27 and  13 g b  
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F i g .  2. D i f f e r e n t i a l  c r o s s  s e c t i o n  f o r  t he  r e a c t i o n  
zr + + p---~ K + + Y*+ (1385) .  

f o r  4 and  5.05 G e V / c  r e s p e c t i v e l y  in  a g r e e m e n t  
w i t h  o t h e r  d a t a  w i t h i n  the  e r r o r s  [2,3].  T h e  
v a l u e s  f o r  the  s l o p e s  s h o u l d  be  c o m p a r e d  w i t h  
the  d a t a  of Mot t  e t  a l .  [4] w h i c h  i n d i c a t e  a n  a l m o s t  
i d e n t i c a l  s l o p e  of 2.7 ± 0.4 ( G e V / c )  -2  a t  5.5 G e V / c  
f o r  the  l ine  c r o s s e d  r e a c t i o n ,  K-  + p ~ zr- + Y*+ 
(1385). 

By c o m b i n i n g  o u r  d a t a  w i t h  d a t a  on f o u r  o t h e r  
d e c u p l e t  r e a c t i o n s  we c a n  t e s t  SU(3) s y m m e t r y  
in  s e v e r a l  w a y s .  T h e s e  r e a c t i o n s  a r e :  

K + + p ~ K ° + A++ (1) 

7r + + p ~ T r  ° + ~ + +  (2) 

~+ + p ~ 7 7  ° + ~ + +  (3) 

~r + + p ~ K  + + Y * +  (4) 

K-  + p ~ 7r- + Y*+ (5) 

F r o m  a n  SU(3) a n a l y s i s  [5] of the  f i r s t  t o u r  of 
t h e s e  r e a c t i o n s  one  o b t a i n s  a r e l a t i o n  b e t w e e n  the  
m a t r i x  e l e m e n t s .  

iMll2= [M2i2 + 31M312- 31M41 2 (6) 

T h e  d a t a  f o r  the  r e a c t i o n s  w e r e  f i r s t  p l o t t e d  a t  a 
g i v e n  t a s  a f u n c t i o n  of Q = J-s - M c - M d w h e r e  
M c and  M d a r e  t he  m a s s e s  of the  two f i n a l  s t a t e  
p a r t i c l e s  and  t MI 2 = 64Tr sp2  n (d(r/dt) .  T h e s e  
p l o t s  f o r  a t y p i c a l  t a r e  s h o w n  in  f ig .  3a. A s  c a n  
be  s e e n  t hey  v a r y  on ly  s l o w l y  w i t h  Q and  t h e r e -  
f o r e  the  a s s u m p t i o n  t h a t  the  p r o p e r  way  to m a k e  
SU(3) t e s t s  i s  a t  the  s a m e  Q f o r  a l l  r e a c t i o n s  i s  
no t  a c r i t i c a l  one .  In fig.  3b the  s q u a r e  of the  
m a t r i x  e l e m e n t s  p l o t t e d  a s  a f u n c t i o n  of t a r e  
s h o w n  by the  p l o t e d  p o i n t s .  T h e s e  a r e  an  i n t e r -  
p o l a t i o n  f r o m  a l l  the  a v a i l a b l e  d a t a  [6]. The  s o l i d  
l i n e s  a r e  a b e s t  f i t  to  the  d a t a  t o g e t h e r  w i t h  a 
r e q u i r e m e n t  t h a t  eq. (6) b e  s a t i s f i e d .  A s  c a n  be  
s e e n  the  p r e d i c t i o n  of SU(3) i s  in  e x c e l l e n t  a g r e e -  
m e n t  w i th  the  da t a .  

A s e c o n d  t e s t  of SU(3) c a n  be  m a d e  if  we a s -  
s u m e  the  r e a c t i o n s  a r e  due  to m e s o n  e x c h a n g e  
and  s p e c i f i c a l l y  a r e  d o m i n a t e d  by  the  e x c h a n g e  
of m e m b e r s  of m e s o n  o c t e t s .  A t c h a n n e l  SU(3) 
a n a l y s i s  t h e n  p r e d i c t s  t h a t  

iM 112 = 31 M 5 1 2 .  (7) 

T h e  e x p e r i m e n t a l  v a l u e s  [2,6] g ive  i M1 12 
10 t M5 t 2 i n d i c a t i n g  a l a r g e  SU(3) b r e a k i n g .  T h i s  

i s  no t  u n e x p e c t e d  s i n c e  r e a c t i o n  (1) i n v o l v e s  n o n -  
s t r a n g e  m e s o n  e x c h a n g e  w h i l e  r e a c t i o n  (5) i n v o l v e s  
s t r a n g e  m e s o n  e x c h a n g e .  U s i n g  the  p - K* m a s s  
d i f f e r e n c e  and  a s s u m i n g  p a r a l l e l  R e g g e  t r a j e c t o r i e s  
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Fig. 3. a) Dependence of matr ix  elements on Q. 
b) Dependence of matr ix  elements on t. The points are 
experimental  data. Solid curves are bes~ fit p,f the data 
to eq. (6). Dashed curves are  best fit if | M  4 [2 mult i-  

plied by ~ is used in eq. (6). 

one would  e x p e c t  r e a c t i o n  (5) to be  s u p p r e s s e d  by 
a p p r o x i m a t l e y  the a m o u n t  o b s e r v e d .  A quan t i t a t -  
ive  c o m p a r i s o n  depends  of c o u r s e  on the e x a c t  
R e g g e  m o d e l  a s s u m e d .  

A s e c o n d  p i e c e  of e v i d e n c e  that  SU(3) b r e a k i n g  
o c c u r s  can  be  ob ta ined  f r o m  a c o m p a r i s o n  of the 
p h a s e  ang le  b e t w e e n  the  v e c t o r  and t e n s o r  m e s o n  
t r a j e c t o r i e s  e x p e c t e d  f r o m  a R e g g e  m o d e l  wi th  
e x p e r i m e n t a l  da ta  on r e a c t i o n s  (1) t h rough  (4). 
V a r i o u s  two po le  m o d e l s  g ive  d i f f e r e n t  p r e d i c t i o n s  
but  in g e n e r a l  v a l u e s  of ] ~ v  - ° t T [  r a n g e  f r o m  0 
to 0.2 at  s m a l l  t .  T h i s  c o r r e s p o n d s  to a phase  
ang le  ~ b e t w e e n  v e c t o r  and t e n s o r  t r a j e c t o r i e s  of 
90 ° + 200. We a s s u m e ,  as  i s  r e q u i r e d  by Regge  
po le  t heo ry ,  that  ~ i s  i ndependen t  of he l i c i ty .  The  
add i t ion  of cu t s  i n c r e a s e s  the a l l owed  r a n g e  of 
v a l u e s  s o m e w h a t .  

If Bi a n d A i  a r e  c h o s e n  a s  the a m p l i t u d e s  f o r  
the  i th  h e l i c i t y  s t a t e  of r e a c t i o n s  (2) and (3) r e s -  
pec t ivJ ly ,  by an  SU(3) a n a l y s i s  in the t channe l  
one ge t s  fo r  r e a c t i o n s  (1) t h rough  (4) 

] M l l  2 = . ~  [~fAil 2 + ½]Bil 2 - '/~]Ai] ]Bi] cos¢] 
$ 

]M2I 2 =~. [Bi]2 
$ 

] M 3 1 2 = / ~  JAil 2 

IM41 2 [½1Ail 2 ÷  lBil 2 +  , IAil tBil coat i  

If we a s s u m e  t ha tA i /B  i = cons tan t  i ndependen t  of 
i then  

I M l 1 2  - 3JM4[ 2 

cos~0 --- _ 2 q ~  (1 M31 2 IM2] 2)½ (8) 

T h i s  r e l a t i o n  does  not  depend  on oc t e t  d o m i n a n c e ,  
h o w e v e r  a s s u m i n g  the two po le  oc t e t  d o m i n a n c e  
m o d e l  ~v is  the p h a s e  ang le  b e t w e e n  the v e c t o r  and 
t e n s o r  a m p l i t u d e s .  It can  e a s i l y  be  shown u s i n g  
the  m e t h o d  of L a g r a n g e  m u l t i p l i e r s  that  if  the 
cond i t ion  o n A i / B  i i s  r e l a x e d  [ c o s ~  t wi l l  be in -  
c r e a s e d .  F r o m  the da ta  we obta in  cos  ~o = - 0.8 to 
- 1.0 depend ing  on t ,  in m a r k e d  c o n t r a s t  to the 
va lue  e x p e c t e d  on the  b a s i s  of the two po le  mode l .  
Thus  u n l e s s  SU(3) b r e a k i n g  is  p r e s e n t  t h e r e  i s  a 
l a r g e  d i s c r e p a n c y  b e t w e e n  the  da ta  and R e g g e  
p r e d i c t i o n s .  

With  th is  e v i d e n c e  fo r  SU(3) s y m m e t r y  b r e a k i n g  
one m u s t  ques t i on  why eq. (6) w o r k s  so  wel l .  We 
m a y  s t a r t  f r o m  eq. (7) and a s s u m e  that  s y m m e t r y  
b r e a k i n g  is  due e n t i r e l y  to the d i f f e r e n c e  b e t w e e n  
the s t r a n g e  and n o n - s t r a n g e  m e s o n  exchanges .  
Then  the e x p e r i m e n t a l  va lue  of 1M412 and I MsI  2 
shou ld  be  m u l t i p l i e d  by ~ ~ to c o r r e c t  fo r  th is  
b r e a k i n g .  The  c o r r e c t e d  va lue  of (4) t o g e t h e r  
wi th  r e a c t i o n  (2) and (3) g ive s  cos~v = - 0 . 1  in 
a g r e e m e n t  wi th  Regge  theo ry .  To sa t i fy  eq. (6) 
inc lud ing  the c o r r e c t i o n  of ~ to r e a c t i o n  (4) the 
da ta  would  fo l low the dashed  c u r v e s  in fig. 3b. 
As  can  be  s e e n  th i s  is  s t i l l  a v e r y  good f i t  to the  
data.  Thus  a l l  t h r e e  SU(3) t e s t s  a r e  c o n s i s t e n t  
wi th  a l a r g e  amoun t  of SU(3) b r e a k i n g  in d e c o u p l e t  
p r o d u c t i o n  which  can  be  c o r r e c t e d  fo r  by a s s u m i n g  
a d i f f e r e n c e  b e t w e e n  s t r a n g e  and n o n - s t r a n g e  
m e s o n  exchanges .  

We would  l ike  to thank Drs .  Gordon  Kane  and 
M a r k  R o s s  fo r  s e v e r a l  he lpful  d i s c u s s i o n s  and 
the  s ta f f  of the z e r o  g r a d i e n t  s y n c h r o t r o n  a t  
A r g o n n e  Na t iona l  L a b o r a t o r y  fo r  t h e i r  a s s i s t a n c e  
d u r i n g  the e x p e r i m e n t .  
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