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Introduction 

We preslent preliminary results of an investigation of high energy anti- 

proton-proton interactions begun in the early part of 1964, An electrostatically 

1 separated beam of 7 Bev/c antiprotons was used in conjunction with the 80 inch 

BNL liquid hydrogen bubble chamber to obtain approximately 70,000 pictures at 

a flux of la antiprotons per picture. The beam momentum as deterained from 

kinematic fitting was found to be 6.94 Bev/c with a spread ~f + 2%. Assuming 
.L 

that the background in the beam was due entirely to u- meeons we obtained aa 

antiproton fraction of 0.97 +0.03 2 
-0.06' 

This report will be concerned with a discussion of the major cross  sections, 

a study of single pion production, and the annihilation of the pop system into pions. 

A treatment of some of the other final states will be presented in forthcoming 

papers at this conference. 

Cross Sections 

About 1000 2-prongs, 1000 4-prongs, and 600 6-prongs were scanned and 
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ineasured using standard procedures. Because of large scanning losses, 

especially severe  fo r  elastic scatters, a careful rescan on a smal l  sample of 

the film was performed by physicists. This rescan c ros s  section was 

corrected for losses  of small angle elastic recoils (cos 8 > 0.995) using the 
cm 

shape of the elastic scattering distribution found in reference 3. Thus 

2 
corrected, the total c ros s  section was normalized to 60 - + 2 rnb . Table I 

gives a summary of the partial c ros s  sections as determiried in this experiaent.  

The e r r o r s  contain statistical contributions as well as estimates of systematic 

effects. It is interesting to note that, although the total c ros s  section has 

fallen by -- 20% f r o s  that at 3-4 ~ e v l c ~ '  5, the pion production c ros s  sectior. 

has r isen by - 20%. Also the c ros s  section for annihilation into pions has . . 

5 dropped by - 3570 and i t s  s ize  appears to be the s ize  of the difference in the 

i-P and p-p total c ros s  sections. 2 

Table I 

Croas Sections for p-p at 7 Bevlc. 

Final State Cross  Section ('ii7.b) 

Elastic 

Annihilation into Pions 23.6 + 3.4 - 
Pion Production with no Annihilation (all) 19.5 + 2.8 - 
Other (Strange Part icles)  

Single Pion Production (all)a 5.6 + 1.2 
- '  

- + +- and npn 
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table I (cont'd) 
- - 
PPPP 

0 - prongs 

2 - prongs 

4 - prongs 

6 - prongs 

8 - prongs 1.3 + 0.5 - 
a - o Contains an estimated 1.3 mb for the nna final state in 0-prongs: 

Single Pion Production 

Approximately 200 events from the sample of 1000 two prongs were 

fitted ~ u ~ c e s s f u l l y  to at least one of the following reactions: 

Ambiguities between reactions (1) and (2) and the annihilation of ip into pions 

were generally resolved on the baais of ionization. The proton tends to be 

+ slow in the laboratory, heavily ionizing, and hence distinguishable from a n . 
Of the 200 events- which fitted reactions (1). (2), o r  (3). 15% were kinematically 

ambiguous and consistent with ionization estiinates for more than one of the 

single pion production states. These were distributed among the reactions 

2 
(1). (2). and (3) according to the lowest ,& on the fits. . . 

The angular distribution of the nucleons (antinucleons) is sharply 

6 peaked backward (forward) in the center of mass indicating the peripheral 



nature of these interactions, Figure 1, .which utilizes all the events which 

a re  consistent with reactions (I), (2), o r  (3), shows a Dalitz plot of the. square 
-. 

of. thetinvariant mass of the nucleon-pion versus that of the antinucleon-pion. 
- 

The projections are shown at the bottom and left and the sum of the two dis- 
- 

tributions is given above the Dalitz plot, The three-particle phase space curves 

shown have been normalized to the total number of events. Although our statidicr 

are poor it appears that several resonances may be produced in these final 

states. However it is clear that no single resonance dominates the single pion 

6 production proceas at this energy. This is to be compared with the strong 
a: - 

4,5 
production of the N (1238) in these reactions at 3-4 Bevlc. The relative 

* 
fdll in the production rate of N (1238) observed here has been reported earlier 

- 
for the analogous react- & p-p collisions by .a CERN Group. 

7 

Multi~ion Annihilations 

Partial cross  sections for the annihilation of ip into pions ark given in 

Table If. 

. Table 11 

Annihilation Cross Sections for  6 - p . at 7 3ev/c  

Final State Cross Section (mb) 



Table I1 (contvd) 

+ 
3 s  + 3s- . .I9 - + -06 

In order  to establish these c r o s s  sections it  was necessary to separate 

the 4-prong and 6-prong events into t he  various reaction channels. A pre- 

liminary separation was made by fitting the events lcinematically .and by iin- 

2 posing l imits  on the x values obtained for  each fit. Such a procedure does not 

0 
distinguish clearly between events with one and with more than one missing s 

since events where the a priori  e r r o r s  a r e  large  will inevitably fit the hypothesis 

0 of one missing n . A good statistical separation was obtained however by 

determining the 5 s  signal (in 4-prong events) and- the 7 s  signal (in 6-prong everts) 

f rom the ideograms of the square of the missing mass  shown in Figure 2. 

contamination of the sample due to events in which nucleons o r  K mesons 

a r e  present was' reduced by eliminating events with very small  momentum un- 

balance in the laboratory. Finally events were eliminated in which the & value 

between any pair of positive and negative tracks, interpreted as electrons, was ' : 

l e s s  than 10 Mev. This procedure removed s o s t  of the events in  which two of 

the prongs were actually due to the Dalitz decay inode of so mesons without 

significantly affecting the t rue  sample. 

A study of the angular distribution of pions produced in these final s tates 

+ 
indicates that the tendency for n-(r ) to  peak forward (backward) in the center 

of mass. decreases with increasing pion multiplicity in the final s tates and in- 

creases  with bombarding energy. " Figure 3 showa the angular distributions 

obtained for the 6-prong events. A summary of the forward to  backward (FIB) 



,and polar to equatorial (P/E) ratios in these distributions is given in Table III. 

Charged Pion Angular Distributions in the Center of Mass 

Final State 

An examination of rnultipion invariant mass spectra failed to show any 

.significant production of resonant states. In particular, the cross  sections 
I .  ' 0  + - 0 + - for  the reactions fi + p - w + r + n and p + p - w + 2n + 27~. a r e  ~ 0 . 1 5  rnb 

and c 0.20 mb respectively. A typical effective mass spectrum is given in 

Figure 4 .  It should be noted that the production ra tes  for w0 in these channels 

has diininished by at least a factor of three from its value,at 3-4 Bevlc. 9 
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Figure Captions 

1. Dalitz plot of the square of the invariant mass of the nucleon-pion versus 

that of the antinucleon-pion. Above the scatterplot is a distribution of the 

square of,the invariant mass of the nucleon-pion and of the antinucleon- 

pion. The solid curves whow the Lorentz invariant phase space normalicted 

to the total number of events. 

2. Ideograms of the square of the missing mass for 4-prong and 6-prong even? 

3. Angular distributions in the center of rnass of pions in 6-prong interactions 
+ 

The rr0(n ) a r e  plotted with respect to the antiproton (proton) direction 

in the center of mass. Only the forward half of the no distribution is 

shown due to biases known to exist in the backward region. 

+ - 0 4. ~ i s t r i b u t i o n  of the invariant mass of n r n in the reaction G+p 4 

+ 
3n + 3r- + no. The solid curve is the Lorentz invariant phase space 

normalized to the total number of events. 
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ANGULAR DISTRIBUTION OF . PIONS IN CM 
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