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The 71"- + p- 1r+ + 11"- + n reaction is investigated. The experimental data are compared with 
the theoretical calculations. 

THE present communication is a continuation of 
an investigation of the momentum and angular dis
tribution of secondary particles in the reaction 

(1) 

at primary-meson energy of ( 290 ± 15) Mev.1 
We present here an analysis of 250 cases of 

reaction (1) with the same primary-meson energy. 
The experiment was performed in the synchrocy
clotron of the Laboratory for Nuclear Problems 
of the Joint Institute for Nuclear Research, using 
nuclear emulsions. The procedure for the detec
tion of meson production and the selection criteria 
are described in reference 1. 

The momentum spectra and the distributions of 
the angles between the momenta of the secondary 
particles are compared with the calculations based 
on the Fermi statistical model and on the Linden
baum and Steinheimer isobar model. The calcula
tions were carried out by the "random star" 
method, 2 using an electronic computer. The 
average accuracy of the theoretical histograms is 
5 percent. The results of the calculations, togeth
er with the experimental data, are shown in Figs. 
1 and 2.* 

The comparison shows that although the statis
tical theory and the isobar model predict correctly 
the main features of the spectra and the distribu
tions of the angles between the momenta of the sec
ondary particles, no satisfactory quantitative 
agreement with experiment is observed. Thus, 
the maximum of the neutron spectrum (Fig. 1) is 
noticeably shifted towards the lower momenta. 
The distribution of the angles between the momenta 
of the secondary pions (Fig. 2) indicates that the 

*In comparing the experimental results with the calculations 
based on the isobar model it was assumed that the negative 
pion is always of isobaric origin, and the positive pion is al
ways due to recoil. The momentum spectrum of the neutrons and 
the distribution of the angles between the meson momenta are 
independent of this assumption. 

mesons have a greater probability of diverging by 
larger angles than given by the theoretical calcu
lations. We list below the average scattering 
angles (in degrees). 

Experiment Statistical Isobar 
theory model 

e7t·+n:- 116.7±2.4 102.2 98.1 

s:+n 113.4±2.5 128.6 123,9 

s:-n 129.3 ± 2.4 129.4 141.0 

The angular distributions of the secondary parti
cles relative to the direction of the primary 
meson are shown in Fig. 3. It should be noted 
that the statistical theory and the isobar model do 
not make it possible to calculate these distributions. 

It was shown in an earlier paper3 that the distri
bution over the relative momenta of the secondary 
particles agrees with the theoretical distribution 
obtained by Ansel'm and Gribov for reactions in 
which an additional meson is produced near 
threshold.4 One can hope that this theory, which 
takes account of the interaction of the particles in 
the final state, will produce better agreement with 
experiment at our energy. Thus, for example, the 
average scattering angles between the secondary 
particles, calculated by the Kopylov method5 with 
the aid of a matrix element of the form4 S2 = 1 
+ ck12 + dkta• with parameters c and d as deter
mined in reference 3, are 

and are in better agreement with the experimental 
data. 

We plan to carry out calculations with variation 
of the coefficients c and d (within the limits of 
the experimental errors ) . 

The authors express their gratitude to Prof. 
V. P. Dzhelepov and L. I. Lapidus for interest and 
attention to the work, and also to G. I. Kopylov for 
great help in the computations and evaluation. 

320 



PRODUCT ION OF CHARGED MESONS BY 2 9 0 -Mev 1r- MESONS 321 

Relative units a Relative units b 
0.30 0.30 ,-, 

I I 

ll.Z5-
I I 

1)25 c 0.25 I L-. 
I 

r·-, I 
I 

azo I I I -0,20 0.20 J I I r-..rc=-+. 
i I I _ __j Ll--, 
i I .L I I I I j I 

0,15 015 -+, {},!5 - I 
II L" 

II 
. .J 

0.10 {}10 

0.05 [J.!J5 

~ @ @ ~ m M w ~ m ~ ~ ~ ~ w 
" " " f},z-+, Mev/c &-· Mev/c ~' Mev/c 

FIG. 1. Momentum distributions in the c.m.s. for secondary particles from the reaction 17- + p -> 17+ + 17- + n (250 events); 
a- positive pions, b - negative pions, c - neutrons. Solid line - experiment, dotted line - calculated by the isobar model, 
dash-dot line - calculated by statistical theory. 
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FIG. 2. Distributions of the angles between the momenta of the particles from the reaction 17- + p -> 17+ + 17- + n in the c.m.s. 
(250 events). Solid line - experiment, dotted line - calculated by the isobar model, dash-dot line - calculated by the statisti-
cal theory. "' 
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FIG .. 3. Angular distribution in the c.m.s. for secondary par

ticles from the reaction 17- + p ... 17+ + rr- + n (250 events): 
a- positive pions, b- negative pions, c- neutrons. 
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