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Abs t rac t :  The y+u-  mass  s p e c t r u m  from o v e r  3000 events  of the reac t ion  
pp ~ ' + u + u - r r  - at 1.63 - 2.20 G e V / c  shows evidence  for p - ¢o in t e r f e rence .  If we 
al low for  p-background i n t e r f e r ence  the evidence  is weak in our  total data, but is 
s t rong  when we make a p a r t i c u l a r  cut on the momentum t r a n s f e r ,  f rom the proton 
o r  ant iproton to the u+u -. A fit to the data with this cut g ives  a lower  l imi t  on the 
branching ra t io  w ~ rr+Tr - to w ~ 7r~u-n ° of 1.9(fc (957c confidence level) .  

1. I N T R O D U C T I O N  

T h e  w - p  i n t e r f e r e n c e  e f f e c t  in u+u - m a s s  s p e c t r a  h a s  b e e n  o b s e r v e d  in 
u p [ l , 2 ] ,  K - p [ 3 ] ,  a n d  ~ p [ 4 ]  e x p e r i m e n t s  in b u b b l e  c h a m b e r s ,  in an  e+e  - 
c o l l i d i n g  b e a m  e x p e r i m e n t  [5] and  in p h o t o p r o d u c t i o n  f r o m  c a r b o n  [6].  In 
t h e  ~p c a s e ,  A l l i s o n  e t  a l .  s a w  an  e f f e c t  in 1448 e v e n t s  of  the  c h a n n e l  
~p - '  u + u + n - u  - a t  i n c i d e n t  ~ m o m e n t u m  1 . 2 6 -  1.65 G e V / c .  We h a v e  l o o k e d  
f o r  t h i s  e f f e c t  in 3135  e v e n t s  of the  s a m e  c h a n n e l  a t  t he  s l i g h t l y  h i g h e r  i n -  
c i d e n t  p m o m e n t u m  i n t e r v a l  1.63 - 2 .20  GeV,"c .  

2. E X P E R I M E N T A L  D E T A I L S  

F r o m  an  a n t i p r o t o n  e x p o s u r e  in t he  A r g o n n e - M U R A  3 0 - i n c h  h y d r o g e n  
b u b b l e  c h a m b e r  c o v e r i n g  s i x  i n c i d e n t  m o m e n t a  f r o m  1.63 to 2 .20  G e V / c ,  
we  h a v e  m e a s u r e d  5 0 0 0 0  f o u r - p r o n g  e v e n t s  to o b t a i n  o u r  f o u r - p i o n  s a m p l e .  
T h e  u~Tr - m a s s  s p e c t r u m  f r o m  t h e s e  4u e v e n t s  i s  s h o w n  in f ig.  1. T h e  a v e r -  
a g e  4u c r o s s  s e c t i o n  in t h i s  m o m e n t u m  i n t e r v a l  i s  1 . 8 ±  0 . 1 r o b ,  and  a p r e l i m .  
i n a r y  f i t  of  t he  7r+7r - m a s s  s p e c t r u m  to  s i m p l e  i n c o h e r e n t  B r e i t - W i g n e r s  and  
p h a s e  s p a c e  i n d i c a t e s  t he  f o l l o w i n g  a p p r o x i m a t e  p e r c e n t a g e  c o n t r i b u t i o n s  of  
v a r i o u s  c h a n n e l s  - 10% pp, 40% pf, 20% put t ,  20% frru, 10% 4u. E v e n t s  t ha t  
f i t  Op -~ 7r+Tr÷rr-Tr-u ° s h o w  c o p i o u s  w - p r o d u c t i o n ;  we  e s t i m a t e  we  h a v e  2147 
wTru e v e n t s  ( i n c l u d i n g  w p ,  wf), c o r r e s p o n d i n g  to  ~ 1.2 m b .  

* Work supported by the US Atomic  Energs'  Commiss ion .  
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Fig. 1. The ~'+~'- mass  s p e c t r u m  for all  7r+~rbr-rr - events  (4 combinat ions  pe r  event).  

A s t u d y  of  o u r  e r r o r s ,  a n d  the  w i d t h  of  t h e  co-peak in  t he  n+n-n  ° m a s s  
p l o t ,  s h o w s  t h a t  o u r  n+n - m a s s  r e s o l u t i o n  n e a r  780 M e V  i s  11 + 2 MeV 
F W H M .  T h e r e f o r e ,  in t he  f i t s  to  o u r  n+rr - m a s s  s p e c t r a  to be  d e s c r i b e d  
b e l o w ,  we  a l w a y s  fo ld  in a G a u s s i a n  e r r o r  f u n c t i o n  wi th  cr = 5 M e V .  We  
a l s o  a s s u m e  in o u r  f i t s  a m a s s  and  w i d t h  f o r  t h e  w of 783.7  MeV and  
12.7  M e V ,  r e s p e c t i v e l y  [7].  We h a v e  c h e c k e d  tha t  o u r  f i t s  a r e  i n s e n s i t i v e  
to s m a l l  c h a n g e s  in the  v a l u e s  of  cr and  the  w - m a s s .  T h u s  in f i t t i n g  o u r  
t o t a l  d a t a  to eq .  (8) b e l o w ,  X 2 c h a n g e s  by ~ 0.5 if  we t a k e  (r a n y w h e r e  f r o m  
4 to 7 MeV and  moo f r o m  782.7  to 784 .7  M e V .  

To  i n v e s t i g a t e  p o s s i b l e  w - p  i n t e r f e r e n c e  in o u r  d a t a ,  we h a v e  f i t t e d  o u r  
n4n - m a s s  s p e c t r u m ,  f r o m  570 MeV to 9 5 0 M e V  in 10 MeV b i n s ,  to v a r i o u s  
t h e o r e t i c a l  e x p r e s s i o n s ,  w i t h  and  w i t h o u t  v a r i o u s  c u t s  on o u r  da ta .  

3. F I T S  T O  S I M P L E  R H O - O M E G A  I N T E R F E R E N C E  

A l l i s o n  e t  a l .  [4] f i t  t h e i r  pp d a t a  to  the  e x p r e s s i o n  

BwoL2 2 (1/ -din = P S { A p s  +A  I +A  I BW w [2 + 2c* A w A  p Re(ei~°BWco P 

F 1 / 2  

BWp (m 2 -  m 2) - i m p F  (2) 

I-.1/2 
w (4) 

BWw = - - - 2  2) 
(moo - m - i rncor  w 
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H e r e ,  PS i s  p h a s e  s p a c e  (2 p i o n s  out  of 4 p ions ) ,  c~ i s  a c o h e r e n c e  f a c t o r ,  
a --< 1.0, and  q i s  the  m o m e n t u m  of e i t h e r  p ion  in the  n+n - e . m . .  Re s t a n d s  
fo r  r e a l  p a r t  of. 

If on ly  one p r o c e s s  c o n t r i b u t e s  to ¢o- and p - p r o d u c t i o n ,  then  ~o i s  the  
r e l a t i v e  p h a s e  of the  a m p l i t u d e s  to p r o d u c e  n+~ - v ia  p -  and  w - p r o d u c t i o n  
a m p l i t u d e s ,  and  ot = 1. In g e n e r a l ,  eq.  (1) can  be  r e w r i t t e n  a s  a sum o v e r  
many processes: 

d N  _ PS[Ap.  + ~  [ApiBW p ei#°iAwiBW¢~l 2] 
dm s. + 

i 
and  then:  

(5) 

ApiAo) i s i n ¢ i  

i (6) 
t an  ¢, - ~ ApiAwi cos (P i  

i 

We have  f i t t ed  o u r  da ta  to eq. (1), t a k i n g  a s  f r e e  p a r a m e t e r s  rap,  F.p, 
Aw, (p, a, Ap. H e r e  A p  s i s  f ixed  by the o v e r a l l  n o r m a l i z a t i o n .  If we se t  
A¢o to z e r o ,  we ge t  X 2 ='65 (34 d e g r e e s  of f r e e d o m ) ,  with mp= 746 MeV, 
F p  = 132 MeV. Wi th  n o n - z e r o  A~o, we ge t  X 2 = 49, wi th  m p =  749 MeV, 
F p  = 179 MeV, #o = 100 ° ,  o~ = 0.9,  and  a n w  b r a n c h i n g  r a t i o R  = 2.7%. H e r e  
R i s  the  r a t i o  of w ~ n+v - d e c a y s  to w ~ n+n-n  ° d e c a y s ,  wi th  

N(w ~ r,+n -) = f PS A2w ISWw[2  d m .  (7) 

Thus  i n t r o d u c i n g  the  t h r e e  p - w i n t e r f e r e n c e  p a r a m e t e r s  A w ,  a ,  (p (a l -  
though on ly  two a r e  i n d e p e n d e n t  [4]), r e d u c e d  ×2 by 16. O u r  p - w i d t h  of 
179 MeV is  r a t h e r  l a r g e  ( A l l i s o n  et  a l .  a l s o  found a l a r g e  width,  F p  ~ 180 
MeV).  If we r e s t r i c t  F p  to l e s s  than  145 MeV, we g e t × 2  = 51, with the 
o t h e r  p a r a m e t e r s  e s s e n t i a l l y  unchanged .  

If we r e q u i r e  AX2 <: 2.7, we find a : 0.4 and R in the  r a n g e  0.75% to 40%. 
A l l i s o n e t a l .  found a ~ 0.4 a l s o ,  a n d R  = 1.4% to 42%, for  5× 2 . 2.7. In 
a d d i t i o n ,  t hey  found (p = 60 ° -  90 ° if [5] R = 1.3% to 6.0%, whi le  ou r  c o r r e -  
s p o n d i n g  r a n g e  i s  95 ° -  125 °. 

Thus  the  r e s u l t s  of f i t t i ng  ou r  t o t a l  da t a  to th i s  s i m p l e  p -  w i n t e r f e r e n c e  
m o d e l  a r e  v e r y  s i m i l a r  to the  r e s u l t s  of A l l i s o n  et  a l . .  

4. F ITS  WITH R H O - B A C K G R O U N D  I N T E R F E R E N C E  

A n o t h e r  e x p r e s s i o n  wi th  which  to f i t  the  r,+n - m a s s  s p e c t r u m  has  been  
g iven  by  F l a t t e  [3] and  used  by  A b r a m o v i t c h  et  a l .  [2] 

cl~V_ = { a l +  °t2 IBWp[2  + (~3 IBWw[ 2+ cq  Re BWp*  c~ 5 Re BWw} 
d m  

× {1+~6(m- m~)+~7(m-  m~) 2 } 

T h i s  e x p r e s s i o n  a l l o w s  fo r  c o h e r e n c e  b e t w e e n  the p -  and  w - a m p l i t u d e s  
and  the n o n - r e s o n a n t  b a c k g r o u n d .  The  a p p r o x i m a t i o n s  a r e  m a d e  that :  

(8) 
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BWpBWCO = cons t .  BWco , (9) 

Im(BW) = cons t ,  i BW ] 2 . (10) 

Eq.  (8) b e c o m e s  the s a m e  a s  eq. (1) if we se t  c~ 4 to z e r o  ( and m a k e  the 
a p p r o x i m a t i o n s  (9) and (10)). In ou r  e a s e ,  we c e r t a i n l y  have  s o m e  back -  
g round  under  the p - p e a k ,  and have  no r e a s o n  to s u p p o s e  it con t a in s  no l = 1 
c o m p o n e n t  which  could i n t e r f e r e .  H e n c e  we r e f i t t e d  our  da ta  us ing  eq. (8). 
In add i t ion ,  we used the B r e i t - W i g n e r  a m p l i t u d e s  of re f .  [2], which  i n v o l v e s  
r e p l a c i n g  the n u m e r a t o r s  of eqs .  (2) and (4) with mxrxq/qx, x = p o r  co. 

P r e l i m i n a r y  f i ts  p r o d u c e d  v a l u e s  of the " b a c k g r o u n d "  p a r a m e t e r s  c~ 6 
and c~ 7 c l o s e  to t hose  r e q u i r e d  to fit t w o - b o d y  out of f o u r - b o d y  phase  space .  
H e n c e  on our  l a t e r  f i ts  we f ixed c~6 and ce7 to t h e s e  p h a s e - s p a c e  v a l u e s .  In 
add i t ion ,  we have  c o n s t r a i n e d  the  p m a s s  and width to l i e  wi th in  the p r o b a -  
b le  l i m i t s  of the P a r t i c l e  P r o p e r t i e s  T a b l e s  [7]: m p =  7 5 5 -  775 MeV, 
Fp = 105-  145 MeV. A fit to ou r  to ta l  data  with eq. (8), wi thout  l i m i t s  on 
mp and Fp, gave  773 MeV and 145 MeV, r e s p e c t i v e l y .  

We have  f i t ted  eq. (8) to n u m e r o u s  s u b s e t s  of our  data  ob ta ined  by m a k -  
ing cu t s  on the i nc iden t  i5 m o m e n t u m  P, the m o m e n t u m  t r a n s f e r  t, and the 
r e c o i l  m a s s  M. We def ine  t a s  the s q u a r e d  f o u r - m o m e n t u m  t r a n s f e r  b e -  
tween  the n+n- s y s t e m  and e i t h e r  the p o r  the ~, t ak ing  the a l g e b r a i c  
l a r g e r  of the a l t e r n a t i v e s .  F o r  e a c h  s u b s e t ,  we m a d e  four  f i t s :  (a) with c~3, 
c~4, c~5, se t  to z e r o  - i . e . ,  i n c o h e r e n t p  p lus  b a c k g r o u n d ;  (b)c~ 3, a5,  se t  
to z e r o  - p - p l u s - b a c k g r o u n d  with i n t e r f e r e n c e  be tw een  t hem;  (c) c~4 se t  to 
z e r o  - i n c o h e r e n t  b a c k g r o u n d ,  a s  in cq.  (1): (d) c~2, c~3, c~4, c~5, a l l  non- 
z e r o .  The  X 2 v a l u e s  fo r  the f i ts  to s o m e  of our  data  s e t s  a r e  g iven  in t ab le  
1. The  f i ts  a r e  n o r m a l i z e d  to the n u m b e r  of m a s s  c o m b i n a t i o n s  in each  
da ta  se t  ( this  f ixes  the p a r a m e t e r  a l ) .  T h e r e  is  no r e s t r i c t i o n  on the n u m -  
b e r  of m a s s  c o m b i n a t i o n s  any one even t  can  c o n t r i b u t e  to a p a r t i c u l a r  da ta  
se t  * 

The fit to the total data gives evidence that there is in fact interference 

between the p and the background whether or notwe admit w-p interference- 

X 2 decreases by 27 from fits (a) to (b), or by 10 from (c) to (d), with the 

introduction of one new parameter **. If we admit p-background interfer- 

ence, then the evidence for co -p interference in the total data is not so 

good - X 2 decreases by 7 with two new parameters. Nearly all of this de- 

crease arises from the 790- 800 MeV bin. Fits to the total data are shown 

in fig. 2a. 

In all our fits we take the error on the number of mass combinations in any bin to 
be the square root of the number of combinations. This is an approximation in 
that some events contribute more than one combination to the mass spectrum we 
fit. To do anything else is difficult, and we believe the effect on our fits is small. 

• * Of course this decrease in X 2 could be due to some different mechanism which 
happens to have a similar effect on the 7r~Tr - mass spectrum. For instance, if we 
write the matrix element for the reaction pp ~ 07r ~Ir- as a sum of four Breit- 
Wigner amplitudes (so as to be symmetric in the interchange of like pions), the 
resultingTr+g - mass spectrum can be approximated by the expression 

I '2] dN/dnz = PS[aI ~ a21BWoI ~ a3Re(BWp)] where a3 is non negligible (but has op- 
posite sig-n to that required to fit our total data). 
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Table 1 
The X 2 values from least-squares fits of eq. (8) to various selections of our data. 

Data se l ec t ion  ]["it Fit  Fit Fit  N 
(a) (b) (c) (d) 

All data  69 42 46 36 5200 

P =  1.95, 2.20 43 42 40 40 1328 

P =  1.83, 1.89 35 25 29 23 1869 

P= 1.63, 1.77 45 28 29 23 2003 

-t  = 0.0-0.3 75 56 51 47 2030 

-! = 0.3 - 0.6 43 43 40 40 1409 

-t  = 0.6-0.9 33 32 32 32 898 

-! = 0 . 9 -  1.2 35 35 35 34 469 

- t  = 0 . 0 - 0 . 1  45 42 42 39 651 

-t = 0. i - 0 . 2  57 45 50 45 745 

-! = 0.2-0.3 62 52 31 31 633 

P =  1.95, 2.20] 
-I 0.0 -0.3 I 51 44 47 44 458 

P ~  1.,~3, 1.89~ 
-t 0.0-0.3 J 63 52 50 45 703 

1' = 1.63, 1 .77]  
- t  0.0 - 0 . 3  J 43 36 33 32 869 

M = 0 . 6 7 - 0 . 8 1  68 67 67 67 753 

M = 1 .135-  1.325 37 36 27 26 1287 

M = 0 . 8 1 - 1 . 1 3 5  } 75 32 54 29 3160 
M< 0.67, M > 1.325 

P -  1 . 6 3 - 1 . 8 9  
- = 0 . 0 - 0 . 3  } 69 54 45 42 1572 

M = 1.135- 1.325 1 
-t  = 0 . 0 - 0 . 3  J 47 46 40 36 537 

Fi t s  (a), Co), (c), (d), c o r r e s p o n d  to (a) p plus incoheren t  background,  Co) cohe ren t  
p and background ,  (c) cohe ren t  p and w plus incoheren t  background,  (d) co h e ren t  p 
and co and background (see text;  " cohe ren t "  means  any d eg ree  of c o h e r e n c e  - including 
comple t e  i ncohe rence ) .  Here  P is the incidcnt  momen t u m in GeV/c ;  t is the m o m e n -  
tum t r a n s f e r  in (GeV/c) 2 - s e e  text;  M is the r eco i l  m a s s  in GeV and N i s  the n u m -  
b e r  of ~'+~'- m a s s  combina t ions  involved. 

O u r  s t r o n g e s t  e v i d e n c e  f o r  p -  w i n t e r f e r e n c e  c o m e s  f r o m  the  t = - 0 . 2  to  
- 0 . 3  ( G e V / c )  2 d a t a ,  in  w h i c h  X 2 d e c r e a s e s  by  20 b e t w e e n  f i t s  (b) a n d  (d). 
C l e a r l y ,  w h e n  we  m a k e  t - c u t s  we  a l l o w  i n t e r f e r e n c e  b e t w e e n  d i f f e r e n t  a n -  
g u l a r  m o m e n t a ,  w h i c h  m u s t  d i s a p p e a r  w h e n  i n t e g r a t e d  o v e r  a l l  a n g l e s .  T h e  
t = - 0 . 2  to  - 0 . 3  d a t a  a n d  f i t s  a r e  s h o w n  in f ig .  2b.  

F r o m  o u r  f i t s  to  t h e  t o t a l  d a t a  a n d  to  t he  t = - 0 . 2  to  - 0 . 3  d a t a ,  we  h a v e  
c a l c u l a t e d  l o w e r  l i m i t s  f o r  t h e  b r a n c h i n g  r a t i o  R of w --, ~+r,- to  w ~ v+n- r ,  °. 
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F ig .  2. (a) The pa r t  of the 7T+~ - mass spec t rum used in our  f i ts ,  The so l id  cu rve  is 
fit (a) to cq. (8). the dashed curve is fit (b). the solid circles are for fit (d) (see 
text). (b) The subset of (a) with s2quarcd four-momentum transfer  to the 7r+Tr - system 
in the range -0.2 to -0.3 (GeV/c) . The solid curve and solid circles  are fits (a) and 

(d). respectively, to eq. (8). 

The fitted values of al_ 5 can in general accomodate a range of w branching 
ratios; the lower limit comes from assuming complete coherence of the p, 
u) and background amplitudes, and is obtained from [2, 3] 

_ 2 , 1 / 2  
A = b - ( b  2 a~-  a5) , (11) 

b : 2 a l + 2 a  21Bwp[  2 + o t 3 + 2 a 4 [ R e S % l m : m w ,  (12) 

N(w --, 7r+~ -) = A f ]  BWwj 2 d m .  (13) 

The  r e s u l t s  a r e  R = 0.5% and 5.3%, r e s p e c t i v e l y .  By m a k i n g  f i ts  with v a r i -  
ous  fixed v a l u e s  of the quan t i ty  A, a s  def ined  in eqs.  (11), (12), we can  get 
a plot  of X 2 v e r s u s  A o r  R, and hence  a 95/% conf idence  l eve l  l ower  l i m i t  
on the va lue  of R ( c o r r e s p o n d i n g  to AX2 = 4.0). The r e s u l t s  a r e  0.04% and 
1.9%, aga in  r e s p e c t i v e l y  for  the total  data  and for  the t = -0 .2  to -0.3 data.  

I n s p e c t i o n  of t ab l e  1 shows that  when we make  v a r i o u s  t - c u t s  on our  
da ta ,  we find a s i g n i f i c a n t  p -w  i n t e r f e r e n c e  s igna l ,  a s  m e a s u r e d  by the 
d e c r e a s e  in X 2 be tween  f i ts  (b) and (d), only  for  the t = -0 .2  to -0 .3  range .  
T h i s  v a r i a t i o n  with t can  be a c c o m o d a t e d  s i m p l y  by w r i t i n g  the r e l a t i v e  
phase  of the p and w a m p l i t u d e s  for  each c o n t r i b u t i n g  p r o c e s s  a s  an  ap -  
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p r o p r i a t e  func t ion  of t. The  r e l a t i v e l y  high v a l u e  of R fo r  the  t = - 0 . 2  to 
-0 .3  d a t a ,  c o m p a r e d  to the  r e s u l t s  of A u g u s t i n  et  a l .  [5] and  B i g g s  et  a l .  [6] 
( the l a t t e r  g i v e s  a b r a n c h i n g  r a t i o  of 0.80 ± 0.25%), i m p l i e s  one d o m i n a n t  
p r o c e s s ,  o r  e q u i v a l e n t l y  tha t  a l l  the  d i f f e r e n t  ( i n c o h e r e n t )  p r o c e s s e s  have  
s i m i l a r  m a g n i t u d e  and  p h a s e  for  the p -  and  w - a m p l i t u d e  r a t i o s .  To s tudy  
f u r t h e r  th i s  t - d e p e n d e n c e ,  we have  c o m p u t e d  the d e n s i t y  m a t r i x  e l e m e n t s  
as a function of t for the p- and w-decays (using the n+~-n ° decay mode of 
the w). Within our statistics the matrix elements are similar for the two 
particles, and show no striking t-dependence. The two cross sections ver- 
sus t are also similar, each showinga peak at t ~-0.25, with a slow fall 
off a t  t : - 0 . 2  a n d a  f a s t e r  fa l l  off a t  t . -0 .3  (our  a l l o w e d t  r a n g e  f o r a p  i s  

+0.05 to - 1 . 5 0  (GeV, 'c)2) .  
We f ind no e v i d e n c e  fo r  a p - w  i n t e r f e r e n c e  s i g n a l  a t  ou r  h i g h e s t  p a i r  of 

m o m e n t a ,  no r  when the r e c o i l  m a s s  i s  not  in the  f - m e s o n  r e g ion .  Hence  
o u r  da ta  a r e  c o n s i s t e n t  with a p - w i n t e r f e r e n c e  e f f ec t  in the  p f  channe l  a t  
i n c i d e n t  ~ m o m e n t a  1 . 6 -  1.9 G e V / c .  O u r  l i m i t e d  s t a t i s t i c s  p r e v e n t  us f r o m  
m a k i n g  any s t r o n g e r  s t a t e m e n t .  We note that  the  wf c r o s s  s e c t i o n  d o e s  not 
show any  s t r o n g  v a r i a t i o n  a s  a func t ion  of ~ m o m e n t u m .  

In m a k i n g  cu t s  on ou r  da t a ,  we could  use  i cos  ~)] in p l a c e  o f t ,  w h e r e  0 
i s  the  c . m .  p r o d u c t i o n  a n g l e  of the  n+~ - s y s t e m  with r e s p e c t  to the p r o t o n  
o r  a n t i p r o t o n .  T h e s e  two v a r i a b l e s  a r e  e q u i v a l e n t  only  for  f ixed  r e c o i l  
m a s s .  We have  l ooked  a t  o u r  da ta  fo r  v a r i o u s  [cos 0 I i n t e r v a l s ,  and find a 
s i g n i f i c a n t  change  in X 2 b e t w e e n  f i t s  (b) and (d) to the da t a  only  for  the 
i n t e r v a l  ] c o s 0  = 0.6 to 0.8 ( w h e n × 2  a r e  61 and 45, r e s p e c t i v e l y ) .  T h i s  i s  
to be e x p e c t e d  f r o m  o u r  p r e v i o u s  f i t t ing ,  s i n c e  fo r  t h e p f  channe l  t = - 0 . 2 5  
c o r r e s p o n d s  to i c o s 0  I ~ 0 . 7 .  

We have  a l s o  f i t t ed  the da ta  of A l l i s o n  et a l .  [4], a s  d e d u c e d  f r o m  t h e i r  
f ig.  1, to eq. (8), fo r  m ( n + r ,  - )  = 570-  950 MeV, us ing  the s a m e  p h a s e  s p a c e  
and  rap, F p ,  bounds  a s  for  o u r  da ta .  F i t s  ( a ) -  (d) g ive  ×2 v a l u e s  of 51, 38, 
36, 32 r e s p e c t i v e l y .  F i t  (d) g i v e s  R = 0.66%. T h i s  s u g g e s t s  tha t  in fac t  the  
e v i d e n c e  fo r  p -  w i n t e r f e r e n c e  in t h e i r  to t a l  da t a  i s  weak  - a s  i t  i s  in o u r s  - 
once  we a l l o w  p - b a c k g r o u n d  i n t e r f e r e n c e .  

5. O T H E R  I N T E R F E R I N G  A M P L I T U D E S  

We have  i n v e s t i g a t e d  the p o s s i b i l i t y  tha t  s o m e  o t h e r  s i m p l e  i n t e r f e r e n c e  
can  p r o d u c e  the  s a m e  e f fec t  on the n + n  - m a s s  s p e c t r u m  a s  p -  w i n t e r f e r -  
e n c e .  

The  p o s s i b l e  a s s o c i a t i o n  of o u r  e f f ec t  with the  pf channe l  s u g g e s t s  we 
look  at  i n t e r f e r i n g p -  and f - a m p l i t u d e s .  We have  g e n e r a t e d  4n e v e n t s  
w e i g h t e d  with the  s q u a r e  of m a t r i x  e l e m e n t s  of the  f o r m  

M = B W p l  3 + B W p l  4 + BWp23 + BWp24 ÷ celY(BWp13BWf24 

+ BWpl4BWf23  + B W p 2 3 B W f l  4 + BWp24BWf13)  , (14) 

w h e r e  p i o n s  1 and 2 have  the s a m e  c h a r g e ,  BWp is  the  s a m e  B r e i t - W i g n e r  
a m p l i t u d e  a s  u sed  in eq.  (8), BWf i s  a B r e i t - W i g n e r  a m p l i t u d e  fo r  the  
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f - m e s o n ,  and is  e x a c t l y  s i m i l a r  to BWp a p a r t  f r o m  a f i f t h - p o w e r  m o m e n t u m  
d e p e n d e n c e  fo r  the width (cf. eq.  (3)) and c and 7 a r e  v a r i a b l e  p a r a m e t e r s .  

None of the r e s u l t i n g  7r+r, .- m a s s  d i s t r i b u t i o n s  (we v a r i e d  c and 7 ) r e p r o -  
duced  the s h a r p  d rop  n e a r  790 MeV s e e n  in o u r  data  and  in ou r  p-co i n t e r -  
f e r e n c e  f i t s .  

We have  a l s o  t r i e d  m a t r i x  e l e m e n t s  with i n t e r f e r i n g  pp and pTrT-, a m p l i -  
t udes ,  w r i t t e n  e x a c t l y  a n a l a g o u s l y  to eq. (14) above .  Aga in  we could  not 
p r o d u c e  a s h a r p  d r o p  n e a r  790 MeV. 

6. CONCLUSION 

We conc lude  that  in ou r  pp --* ,~+Tr+~r-~ - data  we see  e v i d e n c e  of p -  ¢o 
i n t e r f e r e n c e .  The  i n t e r f e r e n c e  is  a funct ion  of the m o m e n t u m  t r a n s f e r  t, 
hav ing  a m a x i m u m  s igna l  a t  - t  = 0.2 - 0.3. (GeV/'c) 2, and is  c o n s i s t e n t  With 
be ing  a l l  in the pf channe l .  We find that  f i ts  to the data  may  be c o n s i d e r a b l y  
i m p r o v e d  by i n c l u s i o n  of p - b a c k g r o u n d  i n t e r f e r e n c e .  Our  b e s t  v a l u e  fo r  
the b r a n c h i n g  r a t i o  co -* 7r+Tr - to ¢o --' ~+Tr-r, ° is  " 1.9% (95% CL).  

A check  that  we a r e  r e a l l y  o b s e r v i n g  p -  c0 i n t e r f e r e n c e  could  c o m e  f r o m  
look ing  at  the r e a c t i o n  ~n --' n+n-~-Tr ° ,  w h e r e  the i n t e r f e r e n c e  s igna l  in the 
rr+~ - m a s s  s p e c t r u m  should  be s u p p r e s s e d  in the to ta l  da ta ,  but not n e c e s -  
s a r i l y  in t - s e l e c t e d  data  (note a l s o  th is  r e a c t i o n  c o n t a i n s  no pOf channel ) .  
T h i s  fo l lows  b e c a u s e  h e r e  the  ¢oTr-n o and pn-rr o s y s t e m s  have  the s a m e  I 
v a l u e  (I = 1) but  d i f f e r e n t  G - p a r i t i e s ,  and h e n c e  fo r  the s a m e  ~n spin  s t a t e ,  
d i f f e r e n t  p a r i t i e s .  The  s t r o n g  t - d e p e n d e n c e  of our  e f f e c t  and the high 
d e g r e e  of c o h e r e n c e  i m p l i e d  by the fit  at  - t  = 0.2 to 0.3 a r e  p u z z l i n g  a s p e c t s  
of our  da ta  that  m a y  induce  s k e p t i c i s m  about  ou r  p -  co i n t e r f e r e n c e  i n t e r -  
p r e t a t i o n .  
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