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1 At the Rocherter Conference 1960, we reported our first experimental 

reeults on the n-n croos section, which we obtained by applying the Chew- La ;t. 

2 
extrapolation method to about 700 n-p inelastic scatteringo. Theee events warc 

anaiyzed in photograph taken with the Alvaree 72-inch hydrogen bubble chan~ber, 

which was expolsed to a 1.03-~ev/c n- beam at the Bevatron. W e  now have a total 

of 1275 inelamtic events with the proton rtopping in the chamber, In thisl paper we 

will use the notation, the selection and evaluation criteria, and the extrapohticr? 

proceduree which have been discuosed in Reference 1. 

Figure 1 shows our experimental distributions, 

2 
ae functions of the four-momentum transfer p for eight different intervals of 

2 2 
w2, the invariant ma.. of the di-pion. We express p and o in units of the ;:.'of: 

I 
rnaesr squared, Fitting polynorniale in (p + 1) of several orders through these data 

we obtain results a s  follows. 

1. iaereae at the time of the Rochester Conference a f i r s t -o rde~  polynurial 

2 2 adequately fitted the data for all the interval8 of w , we find that a )i test no,.,? 

2 
reveals the neces~ i ty  of a quadratic fit for the low w intervals. In the higher 

2 2 
intervals, although we have more event8 than at the lower w intervals, t& 

I.ir%aar fits are still exceedingly good. We therefore take the linear values hi- th-% 

extrapolation n-w croms section at the higher energy. 
.b -,- 

This work was per formed under the auspices  of the U. S. Atomic Energy  C : L I : , ~  n: 2 5, 

1 1  t ~ o w  a t  the Max- Planck-Institut fgr  Physik und Astrophysik, Munchen, Cc.: i ~ i x r ,  



2. Aleo at the time of the Rochester Conference some of the fitted curves had 

the unphyrical feature that they went negative in the physical region. This wag 

poreible because we do not have event8 right up to the edge of the physical region. 

2 
Since we now require quadratic fits for the lower w intervals, this difficnlty has 

2 
been removed in all cams except for the loweat c2 interval (5.5 to 7.8 mn ). For 

this interval only we had to apply a constraint forcing the fitted curve to go 

through the end of the physical region. We then find that a linear curve with tbia 

added conotraint give6 a good fit. In all other interval6 the fitted curve rrsmaiae 

positive in the physical region without this constraint. 

In order to get Borne information about the n-n interaction from a very 

small number of events, Bonrignori and Selleri 3'4' have made the aammption 

2 
that formula (3.13) of Ref. 2 (which i s  exactly correct only at the pole p = - 1) 

2 
approximately deecribeo the p dependence at the beginning of the phyrsical region. 

With thie assumption an average 8-n croes section has been determined. The 

assumption means that all other contributions to the amplitude for single-pion 

2 
production (p dependence of the vertex functions of the mingle-pion exchange diagram, 

exchanges of 3.5, or  more pions, and production by collision of the pion with the 

nucleon core rather than with the cloud) have been neglected in comparison with the 

single-pion exchange art the pole. With our yreoent statistic. we are able to check 

the assumption of Bonsipnari and Selleri. If it w e r e  jurtified i t  mhould be possible (a8 

one can nee from (3.12) in Ref. 2 )  to fit the experimental dirtributionr (or the firmt 

2 
part of them) of Fig. 1 by a sltraight line paersing through zero for p = 0. This 

our data ehowr ia, not possible. Thus nonpole terme a re  important and an extrapolation 

requiring a large number of events i r  necemlrary to extract the pole term. 



6 
Fraser and Fulco could explain the vector part of the electromagnetic 

rttuctulre of the nucleon arruming a stron n-n reronance in the T = J 2 1 state 

2 0 
at o = 11. The no-n amplitude i r  50% irotopic rpin 1 and 50% irotopic .pin 2. 

We find no evidence for a r -n  resonance of the width and location predicted in - 
Reference 6. 

Our data do ahow a ria* in the n-n croar rection rtarting at o2 = 17. 

r c~ch ing  a value of the order of 100 rnb at w2 = 20 b 22. 

However, one must remember that it i r  just in thir region of w2 that our 

extrapolation distance begin, to get larger, making the extrapolation procedure lesr 

conclurive, We are now rcanning film obtained at 1.275 ~ e v / c  incident momentum 

2 
in order to reduce the extrapolation distance in thir region. Also, for w greater 

0 than 9 ,  we have a background of eventr coming from the reaction r- + p-n' + p + 2n . 
2 

These events do not have a pole at  p = -1, but come from 

eliminating thir background by meanr of a kinematical fit. 

On the other hand, Bowcock ct al. found on a later 

a branch cut. Ws are 

analyri a of the nucleon 

electromagnetic rtructure and the low-energy pion-nucleon phase rhiftr that the 

Frarer-fuleo resonance rhould be rhifted to about < e 2 ~ ~ h i r  i r  conrimtent with 

our preesnt rarultr.  If we ar.urne that our data peak at : w2 = 20 to 22 (our incident - 
energy ia  inrufficient to examine the high-energy aide of the peak), then the height ir in 

2 2 2 accord with (ZJ-tl) 4 m  L .in 61 for a p-state reaonmse--that i r .  ein 61 = 1. Our 

2 half width (obtained from the low-energy aide) ie approximately 5 m *,,. Of course 

our data do not rule out a nonresonant riae in the croas section cornpored of 

e. p, d, P .tat=. which juet happen. to aatirfy 12 mkZ at u2 = 20 +o 22. We a re  

currently evaluating the differential croaa ~ e c t i o n  in the region w' = LO. We hope 

to rerolve thir experimental ambiguity in the very near future, 
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2 2 
F i g .  1,  E x t r a p ~ l n t i o n  c u r v e s  F (p  , w ) a t  fixed w 2 

2 2 
(a) o = 5 t o  8 . 2  mn,  

2 
( e )  w = 8 . 2  t o  1 1 ,  

2 2 
(b) w = 1 1  t o  1 3 . 7 ,  ( f )  w = 13.7 t o  16.5 , 

- 
i L > 

( c )  G, = 16 .5  t o  1 9 - 2 ,  ( g )  w = 19.2 t o  22, 

3 L. 

(d) w = 2 2  t o  24.7 ,  (h) w2 = 24.7  t o  27.5. 
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- SOC 
n 
E - 
p 3 0 0  

2 0 0  

100  

( Constraint) 
Fit; + 

Lln. Quad. Quad. Quad. Lin. Lin. Lin. Lin. 

x2pr0b(%) 5 0  4 5 0  7 5  9 3  9 0  5 0  6 5  

Lin. Lin. 

0.870 3 5 O/O 

No. of events: 74 127 176 170  197 178 173 105 

for J = I  

- 2 2 6 2 5  

Fig. 2. The n- - nu c r o s s  section a s  a function of the total 
dipion m a s s  squared a s  determined by the Che>,v- Lo JJ 
method. Also s h o r n  a r e  the maxiinurn height of a 
p -s ta te  resonance and the shape of the F raze r -Fu lco  
resonance  (Fhys.  Rev. Le t t e r s  2 ,  367  (1959) ,  Eq. (10 )  ) :  - 
assuming  the pa rame te r s  v = 3.5, r = - 3 .  

r  



T h i s  r e p o r t  w a s  p r e p a r e d  a s  a n  a c c o u n t  o f  G o v e r n m e n t  
s p o n s o r e d  w o r k .  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 
m i s s i o n ,  n o r  a n y  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  C o m m i s s i o n :  

4 .  Makes a n y  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  a n y  i n f o r m a t i o n ,  a p p a -  
r a t u s ,  m e t h o d ,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes  a n y  l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  d a m a g e s  r e s u l  t i n F  f r o m  t h e  u s e  o f  a n y  i n f o r -  
m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  

A s  u s e d  i n  t h e  a b o v e ,  " p e r s o n  a c t i n g  o n  b e h a l f  o f  t h e  
C o m m i s s i o n "  i n c l u d e s  a n y  e m p l o y e e  o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  e m p l o y e e  o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  e m p l o y e e  o r  c o n t r a c t o r  o f  t h e  C o m m i s s i o n ,  o r  e m p l o y e e  
o f  s u c h  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  a n y  i n f o r m a t i o n  p u r s u a n t  t o  h i s  e m p l o y m e n t  o r  c o n t r a c t  
w i t h  t h e  C o m m i s s i o n ,  o r  h i s  e m p l o y m e n t  w i t h  s u c h  c o n t r a c t o r .  




