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The important role played by u-fl interactions in ?.p collisions has 

become more and more apparent as a conooquence, of a eerieø of experimental 

osultø reported since early 1960. 

The most important tool in studying these interactions has been the 

Chew-Low co4ject ureo 1 which resulted in a relation between the total u-u 

cross section, or 	and the differential croee eection 8 2a/0p2 0w2, for the 

process w + p -. ir + p  + w (w is the total energy of the two final-state pionu 

in their own c m. frame; p' is the four-momentum transfer of the proton.) 

This relation is given by 

2a • 	
•- 
	

44 	aurur() 	(1) 
&p aw 	p -- L 	21? 	(p + 	) 	• q 

in which jx is the pon.ret mass, q is the laboratory momentum of the 

inctdent pion, f is the renormalized pion-nucleon coupling conStant, and 

F() 	
(2/4 	 a kinematical factor, 

*Work sponsored by U. S. Atomic Energy Commission. 

Based on work submitted to the Graduate Divioton of the University of California 

in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

On leave of absence from the Inter-University Institute for Nuclear Science, 

russøls, Belgium. 
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The Chew-Low conjecture has been applied in two different war: 

a. By performing the required etrapo1ation to the poio at p 2  

thus determining the wanted a 	 cross sectionby means of a residue
TrIf 

evaluation; 2  

b By assuming that the right-band aide of expression (1) dominates 

the true ;nttx element of the single-plea production process over the 

"beginning" of the physical region. 

This latter assumption can then be exploited in two different waye 

Virtly, it can be used to predict the momentum spôctruxn of the recoil protons 

(by performing an integration over 	assuming an average a,1); 3  secondly. 

it can be used to make so-called 'phys&cal-region cross-section plots" of 

o(2) 
vereua 	4 in the latter procedure one actually plots 

((

2 ) 2 
 

£ 	Fw) 	p 	 Op Ow 

The symbols used here have the same meaning an in relation (1), The hexagonal 

brackets indicate an average of the enclosed expreaàton over the region 

Pmin . p2  .~ 82. 
pmia 

 being a kinematical lower limit for p 2  in the 

2 	the 	 2 
region under consideration, and 8 being/tppar limit for p dictated by the 

phyatcal ideas underlying the derivation of expression (1). 

The idea of the necessity of a n-u resonance in a T = S = 1 8t&te was 

introduced by P'razer and Fulco in their effort to explain the electromagnetic 

Lao .vector £ozxn factor. affective in electron-nucleon scattering. Their. 

calculatIons suggested the existence of such a resonance 	11.4  iA 

Later analyses 6  showed, however, that the Frazer-lTulco resonance .coul4 

have a location as high as w 	ZZ.4 

Recently a new model for the nucleon was suggested by !iergta, 

$tanijwilur4. Fubini, and VilU, in which they identify (in analogy with Fraser 
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and Fulco) the vector-m*eon cloud with a T . 3 = 1 two-pion resonant state, 

while they consider the extended scalar-menon cloud to be due to a three-

piOn resonant state. 

Using thin model, Littauer, Schopper, and Wilson 8  showed that the 

Cornell data on electron-nucleon scattering would imply a resonant twopion 

state at w 	16 	An identical ánatyeió of the StAnford data 9  suggests 

that resonance to be at 	19.6 iL 

The experimental results referre.d to above have indeed indicated the 

2,4 
exietence of such a ir-w resonance. 	The location of the resonance has been 

ZL 

different from experiment to experiment, and ranges from .) 20 IL. to 

2 	31 p..' The quantum numbers of the resonance have been inferred 

princIpally from either the height of the resonance or from branching-ratio 

conoido rations, 

In this letter we pr000nt new evidence for the àxistence of a it-

resonance at w oz 29 mo. We also present direct evidence that the spin 

of that resonance is one. The data are prosontod hero in the form of 

lphynica1-región plots." However, successful extrapolations were also 

performed, and their results, together with more details about the experiment 

and the analysis, Will form the subject of a forthcoming paper. 10 

• 	
The experimental results were oatnedby analing pictures made from 

an exposure of the 72-inch hydrogen bubble chamber to 1.23 Boy/c v and v" 

beamop which were designed by Dr. Frank Crawford of this laboratory. For 

our scan. we øelected a sample of n-p interactionø with two visible prongs, 

* 	one of which was a stopping proton. All the events were measured on the 

Prancheneteiri, a precision measuring device, and then processed by rneSn5 

of the chain of computer programs currently used at Lawrence Radiation 

Laboratory. In this way we isolated a subsample of low-momentum-transfer 

events (proton momentum 400 Mev/c or 1) 2  , 8.0 t2).  We collected 
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16g4 eVøntS of the type 

+ 	0 
7T 

and 411 events of the typo 
- 	 S 

11 +p-'tt +p+1To 

• The phyoicalregion plots for both the w and w.data are.ahown in Fig. 1. 

The W data show a marked resonance behavior at 	29 mo (or w 725 May). 

The resonance peak has a height of roughly 700/o of the one expected on the 

basis of.a J,& 1 resonance Taking into account the fact that all these cross 

sections. were determined off the energy, shell (with a complete neglect of all 

other poeiblO contrtbuttone), one is not too surprised by this dtfferenco 

The half-width 10 , 405 m,o on the high side of the resonance and ,7 mo 

on the low aide. (In the øscale, these numbers become: 55 Mov and 

: 95 Mev, respectively.) 

or the r' data, the shape of the a curve, and even more the .mallneas 

of the croaa.section values themselves, show strong deviations from the 

relults one would expect on the baeia.of a dominating T 3 I resonance at 

the energy indicated by the vr data. 

These distortions can be attributed to final-state interactiona This 

explanation Is strongly eupported by the roeulta of our extrapolations. 7  They 

show that although the actually observed wing1eproduction cross sections 

are much smaller for the ( than (or the w data, both øots of data do extrapolate 

in the vicinity of the reaoóance to values.of a compattble both with each 

other (within the error limits) and with the values expocted for a 1' 3 = 1 

resonance at the location indicated above. They also show that the curves. 

fitted to the w data invariably cut the p 2 ..axee near the origin (indicating that 

the final-state Interactions are not too important in that case). On the other 

hand, the ir- 
	 2 
curves do intersect the p -axes in points much more distant 

from the origin (thus underlining the nonnegligtbtlity of the final-state 

bttrt4rinta t 
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On the v data we performed a further analysts analogous to that 

implied by expression (1), but with the data divided according to co 0 ir• 

(O is the angle between the incident pion and the outcoming charged pion
IffIff 

- 	both measured in the dipton c. 
ma frame). 

In Fig. 2. are shown the ir-vv differentia1-croDsseCttofl values obtained 

in that way for three different regions of w The smooth curves represent 

loaet-equareø £tto the experimental points. 

The curve obtained at tho,reoonance region (27 mtj 	33 m) 

(Fig. Zb) is ,veryçloee to a pure coe 2Ocurve and is therefore direct evidence 

for the presence of a J 1 resonance, 	The curves obtained below and above 

the resonance show.tho absence of this effect and are suggestive of an inter 

rnodtary occurrence of a phase-shift difference going through 90 dog. The 

strikingly different behavior of the. ¶r-r differential cross section at and away 

from the resonance provides a convincing dernonstration of the important role 

played by the. i-r interaction in the eingle-pton production process. 

It is a .pl.re to thank Professor Luis W. Alvarez for his groat. 

interest in this experiment. We are indebted to Professor Frank S. Crawford Jr. 

who designed the bearn e  as well as.to  Professor Arthur H. R.oenfel& 

Dr, Pliillip C. Burke, and other.members of the Alvarez Group for interesting 

and ettmulatng discussions. 

In 
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Fig. 1. Histograms (a) for 	and j-fr 	obtained from 1684
Tr  

events of the type 	+ 	- ff+ + p + irO and 411 events of the type 

1T+p-97r+p+1T°. 
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Fig. 2. Histograms showing the differential Tr -Tr cross sections below the 
resonance, at the resonance, and above the resonance. The smooth 
curves are least-squares fits to the data. 
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