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An experiment is being carried out at Lawrence Radiation Laboratory in the 

Alvares 72-inch bubble chamber. using a at and rs- beam deoignsd by Professor F h i k  

Crawford at 1.03 ~ a v / c .  The choice of thin, energy was motivated by the C-K 

threehold, which lies in t h i ~  energy region. It alrao coincj.deo in energy with the 

third pion-nucleon reeonance. It io hoped that them cffectm will  not ofgnificantly 

affect the invaletigation of the final-otate intoractions carried out here. 

The experiment was inspired by a pretscription given by Chew and Low, 1 

,, 2 
who conaidered the following diagram. 

n r 

2 
where p = momentum 

and q2 = total  energy squared of the 
t ransfer  squared  7 1 - n  system in i t s  center  of inass. 

The statement is that the matrix aXeenzemt for this diagram haa a pols at 

2 p " -  2 
)I with residue a f x A( IT, or), where f = pion-nucleon coupling conatant 

and A(n-n) = pion-pion scattering a x n p h ~ d e .  AP1 other dkgrarnla contributing to 

2 2 the procesra rr i N -.. n .t N i n contribute to a branch CUR from p = - 9 p - - . 



2 The complex p plane thus Looks like the sketch k % o w .  

- -- < : I  / 

I 2  
4 r7jf 

- 9r* gion, P 

In terms of cross section8 can w r i l t ~  

2 where pZ i a  in units of  I* . the pion mass squared. 

It i a  intcretstlng to note that a staccen~fui application of this method haa been 

2 -k carried out by a Yale Group, who obtained tho n - g  {J, 3) resonance by looking at 

i 
the process p + p -b. n -r p + n a 

The possible rsactions in  hydrogen and the corre~ponding final-state 

n-n I-spin amplitudes are 

to separate the t h r v e  B-&pin ampiitudea, 'The amplitude Ay i s  important from a 

theoretical point of v i e w  In order to o q l a i r ~  the  observed n~~ckcnr isotopic vector 

3 f ~ r x  factor and the low-e izergy  pion-rs~wleoa yhdse shifts. 19 15 auggeoted by 

~~owcocla et  al. ttmt skro~iid show a resonance nornewhere in the region 

2 b 2 , Z Z  ,i . 



Geactiono (a) and (d) are being investigated in  the 72-inch chamber; 1275 

events of the former and 450 events of the latter type have been found so far. W e  

Z 1 
are thus looking at the arnplitnde ( 2 A -I. A2). The 72-inch chamber is a 

1 

particularly convenient instrunlent for this investigation, in which we a r e  

2 Z 
interested mainly in events with g ,g 9 p . TMe csrxeeponds to recoil proton 

inorrlenta below about 400 Mev/c ( 60 crn range). Events in which the proton 

etopg and goes forward of 70 deg (lab) are of necessity inslaetic (two or  more pions 

in the final ~ t a t e ) ,  and there is a one-to-one correspond~nce between p2 and w 
2 

and the m e a ~ u r e d  range and lab anglc of the proton. X y  event8 in  which the praton 

stops are accepted, and an IL;'A 704 correction yrograxri corrects  for the fact that 

not al l  protons that would have had a range < 60 crn stop in the chamber. The 

ecanning table nneaaurement does not dis&ine)uish between evente with two pions and 

those with more than two pions in the final state. Those with more than two pione 

2 2 
can occur for w 2 9 p and form a background contamination to our evente. 

2 2 
.i hose with three piono in the final state do not have a pole at = - p~ but 

2 2 2 2 
state have a pole at p = - !-L and a branch cut starting from p = - 9 p . These 

2 2 four-pion events contri'nute to the total n-n cross sscf~on for b, >s 16 y . : rancken- 
stem aleaeureinents can eliminate events with more than two pion# in the final 

state and are rraw being carried out. W e  are now scanning film at an incident 

r: .?no;nentuixril. of 1.275 A;ev/c so that are xnay study the higher w region and reduce 

2 
the extrapolation distance at a - 20. 
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In order to  ca r ry  out the extrapolation it  is neccorary for theory to provide 

some analytical form for the nonpole terms.  A reaeonable assumption for the 

behavior of the cross section im 

2 
d o  - + -+ 

7 - 2  - 1 .  A +  ap*.B1 ( 0 -  p) + * * *  

dp d w  spins (P + 11 

-6 -m 

where tau terlms liO f oL ( cr p) r * represent the effect of the branch cut at 
3 3 
C 

iz = - Y pL in the physical region. Equation (2) leads us to use a fitting procedure, 

ad, using (1) and f 3), we get 

% 2 
i iyurr L ahowe the least-squarer iif obtained to (p2 i i )  d 0 /dp'dw2 for eight 

2 2 
equal intervals of w varying from 5.5 p2 to 27.8 i~ . Cm?y the n- data a r e  included 

+rr. these ylofe. The ena s f  the pnysical region is masked on each graph ae an extended 

2 
heavy line on the p axis. Lhiy i n  the f irst  plot does the fitted curve go through the 

2 
p axis +&fore the end of the phyeical region. W e  constrained this curve, therefore, 

to go through the end of the phyr~ical region. For the second and third plots a 

quadratic fit svas found necessary; for the fourth plot, however, if was not 

;irlrnediately obvioiaa whether a quadratic was better thui  a linear fit. i V e  show 

both fits. Eor the  four last plots a linear fit was definitely adequate even though 

t ~ r ~ r t '  ;rlt?.rtz more events for t h e  fiflh and sixth plots than for the eecond and third 

plots where quadratic fits were reqsised. The ei ghthplot is shown although i t  is 

rather aasignificant because of lack of data arrd distance of the extrapolation. 





-7 -  UCR!.,-9585 

the branch cut. The gereral characteristics of the rr-T: cross  section i s  unmodified 

and the errors are reduced slightly. 

2 2 
If the n-rr cross section does show an increase in the region 1 7  to 22 p , 

then it is expected to be reflected i n  the bchavior of our reactions in the near-by 

physical. region, F .  If we aesrrae: that only the p l e  term is significmt for 

2 
p 5 3 P  

2 , then we can  .mite, usin& 2q. (11, 

2 2 .  
where  the hexagonal b r x k e t s  indicate an average over our range of p 6 9 y . 

2 2 
(w ) plotted for the n' data and Fig. (5) ahows cr; (o ) plotted "c'igure (4) shows grin 

i - 
for the combined rr n data. In both figures very little effect ie noticeable. 

P 2 Ckrtaidy there i e  no r i se  in tho o,,(w ) to the order of magnitude (200 mb) that 

2 2 
our extrapolation suggest8 i s  the value of o,,(o ) in the region of u2 a2Oto 22 p . 
An alternative but illuminating way of hoking at the physical-region data ie  shown 

2 2 in Fig. ( 6 .  Were we plot the nu,mber of events with p ,< 9 p and also 

2 2 2  
%-(a ) dp dw arbitrarily normalized to have the same maximum value. If there 

were only the pole term then any departures of the data from the theoretical curve 

would be evidence for a variation in the a-rr cross  section. We see  no such 

evidence in the phyeical region. 

J f  course if we believe that o, , (wL) doee increase to about 200 rnb at 

2 
w2 = 20 to 22 , than the reason for the nonappearance of such gross effects as  

considered in Fige. (4), (5) and (6) i s  the appearance of higher-order t e rms  i n  

the expansion (2). F'or example final- state pion-nucleon interactions could cause 



trouble, as reproeentad in the 

-8- 

diagram below. 

This diagram repeeents oil@ of the &many contri'outions from the branch cut. 

Pf the final gion and nucleon relative monienta are correct then we -may expect a 

Large contrib~tiozl in the physical region from a final-state pion-tlucleon (3.3) resonance 

intrractioa. W e  are looking into such effects. 

If we had the pole term alone, then our expansion would reduce to 

1 

and our data would be fitted by a curve that goes through the origin. ESgure 1 

shows that this behavior certainly b e e  not apply to our experimental data. That 

ie, we arc seeing evidence for a etrong nonpolo contribution to the physical- 

region behavior. 

If we expand Eq. (2) we get 

' 2  
we can tnus look at the term 

fiO, . which in term. of our expansion in powers 
- 

2 
of (p 4- 1) is given by 
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B0 i. the first correction to  the pole thrm coming from the cut. In 7 we . 

show the variation of 1 ~ ~ ( ~ l  I ' with w2 . AS expected. I B~(U) I 2 ehowlr a negative - 
increase where our pole te rm e b w e d  a positive increase. We can thua undermtand - 

the absence of an effect in the phyrsical region aa being cawed by o cancellalon 

be twen the pole t e rm and Elo(w) . I l2 
Effort ie now being put into separating out the a- and p-wave dependence 

2 
of the -pion-pion croar section, particularly in the region of w2 = 15 to 25 p . 
In thie way i t  will in principk be possible to eeparate the contributione from 

the I = 1 and I = 2 etatee to our obasrved crorse section. This ceparation, of . 

couree, requires . Franckenatein rnetaourement and fitting of our evento).,w&ch 

ie  being carried out. 

We would like to thank Professor Luie W. Alvaree for hfs great interest 

and encouragement throughout the experiment. It i o  also a pleasure to  thank 

- Professor Frank 5. crawfordL3r. and Profearor Arthur H. Roeenfeld &r 

diacussione. We a re  aloo indebted to Profelrror Geoffrey F, Chew and Dr. Jamee 

S. Ball for several intererting theoretical comnaents and to .Profemor Herbert M. 

Steiner for useful ideae. Finally we wieh to thank the acannero for their help in 

finding and andyeing the evente. 
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2 2 F i g .  1. E x t r a p o l a t i o n  c u r v e s  F ( p  , w ) a t  flxed cu 2 

2 2 
( a )  w = 5 to 8 . i  inn , ( c )  w L = 16.5 to I 9 . i  

2 7 

(b) G. = 8.2  t o  11 ,  ( f )  o - = 19.2 to 2'2, 

2 
( c )  w = l l t o  13.7,  ( g )  2 = 22 to L 4 - 7 ,  

t 
(d)  w = 13.7 t o  16 .5 ,  (n) 2 = 24.7 to 27.5, 



( Constroint) 
Fit :  + 

Lin.  Quod. Quod.  Quod. Lin. Lin. Lin. L in.  
x2prob(%) 5 0  4 50 75 93 90  50 6 5  

L in .  Lin. 

0.8"/0 3 5 O/o 

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

for J =  I 

u Fig. 2 .  The m- - n c r o s s  section a s  a function of the  to ta l  
dl;>lon m a s s  s q u ~ r e c l  a s  de tc rmlned  by the  Chc v-  L o  r 
method.  Also  show^^ clre thc m a r l i n u r n  helght 01 d 

p - s t a t e  r e sonance  and the stlap;. of t h ~  F r - ~ z e r -  Fu1rc 
resonance (Phys .  Rev. Lecters  2 ,  367 (1955), Ecl .  (10)  ), - 
assurnlng the  p a r a m e t e r s  v = 3,5, r = - 3 ,  

r 



f 
Fig. 3.  The IT - a' c r o s s  section a s  a function of the 

total  dipion m a s s  squared  a s  determined by the 
Chew-Low method for the combined data (1725 
events) .  



2 - 0 
Fig .  4. P h y s i c a l  r eg ion  (pZ 6 9 ) plot of the  n - n 

c r o s s  sec t ion  a s  a function of w2. 



2 
Fig. 5. Phys . ca l  r eg ion  (p2 ,< 9 1" ) plot of the combined E3 2 n* - n c r o s s  sect ion a s  a function of w . 



2 2 
Fig .  6. Number of events nith p ,< 9 p and F ( w  )dp2dwL 

2 a rb i t r a r i l y  normalized a s  functions of w . 
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Fig. 7. / Bo 1 2 
, the  f i r s t  c o r r e c t i o n  to the pole t e rm,  as 

2 a function of w . 
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