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The inelastic interaction between a 1r meson and a nucleon is considered, taking into account 
the exchange of one virtual 1r meson. The cross section of a process in which two mesons 
are produced is computed. Relations between the cross sections for various channels of the 
process 7r- + p- N + 37r are given. 

IN the present paper we consider the peripheral 
interaction between a 1r meson and a nucleon ( 1rN) 
using the method proposed earlier in reference 1. 
In this method the cross section for the peripheral 
interaction is expressed approximately in terms of 
the cross sections of two real processes which are 
either known experimentally or about which reason
able assumptions can be made on the basis of known 
experiments. We compute the eross section for an 
inelastic 7rN interaction which leads to three 1r 

mesons in the final state. It is assumed in the cal
culation that the interaction is effected through the 
exchange of a single virtual 1r meson while the nu
cleon and the meson go into excited states with the 
masses rot1 ~ m + 11 and rot2 ~ 21J,, respectively, 
i.e., we consider the Feynman graph shown in the 
figure (m is the mass of the nucleon and 11 the 
mass of the meson). This method is of interest in 
view of the fact that there is experimental informa
tion on the important role of sueh processes at 
high energies. 2 •3 

In analogy with Eq. (3) of reference 1, we can 
write the cross section for the process under con
sideration in the form* 

E1E2Ja"N = :. ~d4P~(k2 +f12)-2 w£1J1crnnwE2J2cr2(w}, (1) 

*Unless noted otherwise, we use the notation of reference 1. 

where E1 and E2 are the energies of the colliding 
particles, PJ. is the momentum of the isobar, k is 
the four-momentum of the virtual meson, k2 

= k2 - w2, J is the current density of the particles, 
and a1r1r is the cross section for the interaction of 
a 1r meson with another 1r meson. Here (as in 
reference 1 ) we neglect the difference between the 
Lorentz-invariant expressions wEJa and the cor
responding expressions for the real 1r meson. To 
obtain from this information about the cross sec-
tion for the 1rN interaction, we must make some 
definite assumptions concerning the cross section 
a'lr'lr· 

We assume that the cross section for the 1r1r 

interaction is constant, i.e., independent of the 
energy of the 1r meson. We note, however, that if 
there really is a resonance in the 1r1r cross sec
tion for p2 ~ 3 .5p2 (reference 4 ) , where p2 is the 
square of the momentum in the center-of-mass 
system of the two 1r mesons, this implies that the 
cross section for the 1rN interaction will have a 
maximum at E ~ 5 Bev ( E is the energy of the 1r 

meson in the laboratory system), since the function 
under the integral sign also has a maximum at p2 

~ 3.5~J, 2 for such energies (see below). 
With these assumptions we have, in the center

of-mass system of the 1r meson and the nucleon 
[writing k2 = K~ + 2p0P'1 ( 1- cos J.)], 

Zmax Ymax 1 

a.,N 2p0 ~ ~ ~ -a-= ro•m•s• dz • dy d (cos-&) 
'"' mp. p.' ll 

Expanding the quantity KI in terms of the ratios 
z/E 2 « 1, and y/E2 « 1, we find 

"i = 4zy I £2 + 4y (z + y) (2z + m2) I £4 =:: ·ay2 + by, 
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where E is the total energy of the system in the 
center-of-mass system. The limits of integration 
Zmax• Ymax• and {3 are determined from the re
quirement that the degree of "virtualness" of the 1r 

meson be smaller than a certain given value: k2 

=s 62• It is clear that this method is valid for 6 ~ 11 
and invalid for 6 » 11. However, at the present 
moment it is impossible to give the exact theoret
ical value of 6 corresponding to the upper limit up 
to which our method is applicable. A separate 
paper will be devoted to the discussion of this ques
tion. We propose here a method of obtaining 6 
from the experimental data on peripheral 1rN and 
NN collisions. After integrating, we rewrite (2) in 
the form 

Zmax 

anN ~ _1_ I dz -v z2- m2p.2 
oren 2rc3p2£2 j 

o mp. 

r 1 o2 (li2 + p.2) Y7nax - P.4 ] xla In bYmax (bYmax + p.2)- o2+ >'" [2a.J,(Z) + a.J.(Z)], 

(3) 

We have made four different assumptions with 
respect to the interaction amplitudes in the differ
ent isotopic states of the two 1r mesons. According 
to the experimental data, probably the most correct 
assumption is that the amplitudes are equal in mag
nitude and mutually orthogonal (see the Appendix). 
We note that in this case the cross section for the 
inelastic peripheral interaction with nucleons is 
the same for 1r- and 1r+ mesons. Expression (3) 
was integrated numerically* for the 1r meson 
energy E = 5 Bev and the cut-off parameter 62 

= 4f.J.2• This yields a1rN/a'ff'ff a.< 0.13. If we assume 
that the cross section for the 7r7r interaction is 
equal to the geometrical value, i.e., a1r1r ~ 65 mb, 
we obtain a1rN ~ 8.5 mb. This value is in satis
factory agreement with the data of references 2 and 
3. 

It must be noted, however, that we can speak 
only of a. good qualitative, but not of a strict quanti
tative, agreement, because there is some arbitrari
ness in the choice of the value of the 1r1r interaction 
cross section, and moreover, expression (3) de
pends strongly on 6 (approximately like 63 ). 

An analogous integration for the case of the NN 
interaction was performed in reference 1, but these 

*In this case the integration goes over the region where 
a'h «a>;.. The numerical values of a'!, and a'h were taken from 
the report of Piccioni. 5 The integration over y is equivalent 
to the integration over the energies of the rr meson in the rrrr 
loop up to e:' "' 3.5 Bev; the function in the integrand has a 
maximum at the kinetic energy of the rr meson Elan .. 0.8 Bev 
in the rest system of the other rr meson. 

authors did not take for the cut-off parameter the 
degree of "virtualness" of the 1r meson, but the 
average value of the perpendicular component of the 
momentum transfer, which was taken from experi
ment; this is, ofcourse, less rigorous on account 
of the large experimental errors. If in this case 
the cut-off is also determined by the degree of 
"virtualness ", one easily obtains the formula 

Ymax 

i d ~~ 2 2 2 v 2 2 2 [ 1 1 J, 
X ) y r z - m !l y - m !l x• + p.' - 5• + t"' 

X { 10/ocr'f,cr'/• + 16/9cr.1,cr.1, + 1/9cr•;,cr•J. \ 
141Da.1,a.1, + 8!9a.1,a.1, + 5/9cr.1,cr.1, J · 

(4) 

The top row in the curly brackets corresponds to 
processes of the type p + p- N + N + 21r, the 
lower row corresponds to processes of the type n 
+ p- N + N + 21r, and ai =aiel· The values of 
Zmax and Ymax are determined from the require
ment K2 = 62• 

We note the following relation 

anN I aNN = a7r7r Ja geom• 

where a is a function only of the energy of the in
cident particles in the 7rN and NN interactions 
and is independent of 62, as was shown by the nu
merical computation. Indeed, a'ffN is given by a 
formula analogous to formula (4), the only differ
ence being that one of the ai in the curly brackets 
is replaced by a7r1r. The difference in the energy 
dependence of ai and a1r1r has practically no effect 
on the value of this integral if 6 ~ 2f.J.. It would 
therefore be desirable to determine the ratio of the 
cross section for the peripheral 1rN interaction 
with formation of two 1r mesons over the cross 
section for the peripheral NN interaction also with 
formation of two mesons by an evaluation of the 
corresponding experimental data. This will enable 
one to determine the 1r1r interaction uniquely. The 
value of a1r1r obtained in this way will, of course, 
indeed agree with the cross section for the 1r1r 

interaction, if the latter does not depend on the 
energy of the colliding 1r mesons or does so only 
very weakly. 

The constancy of the value of a7r7r, as obtained 
from the above-quoted ratio of the 1rN and NN 
interactions for various energies, will serve as a 
criterion of the correctness of our assumptions. 

Furthermore, the parameter 6 is directly de
termined by formula (4) if the exact value of ONN 
is known for some fixed energy of the colliding 
particles. The experimental data quoted in the re-
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Ratio of 
Theoretical values Experimental data 

cross sections* 

I I I I a b c d ['] ['] 

p-oo;p+-- 0.5 4 0.23 0.43 ~2 ~1.2 
n+-o;p+-- 2 4 0.12 0.36 ~2.5 ~1.1 
nooo ;p+-- 1 0 0.02 0.05 0 ~0.4 

*p-00 denotes the cross section for the process 77- + p ... p + 77- + 77° + 77°, etc. 

port of Veksler6 indicate that o ~ 3fJ. For a unique 
choice of o it is desirable to find its value from 
formula (3) with a7r7r obtained by the above-men
tioned method. The presently available experimen
tal data are not sufficiently accurate to use this 
procedure. 

The author thanks D. S. Chernavskil for valuable 
advice and discussion of the results obtained. 

APPENDIX 

The isotopic spin relations for the process under 
consideration were determined in a way similar to 
that proposed in the report of Tamm. 7 The calcula
tions were carried out for four different assump
tions with respect to the matrix elements of the 1r1r 

interaction. If we denote the matrix element of the 
interaction of two 1r mesons in a state with the 
total isotopic spin I by (I), these assumptions can 
be written in the following fashion: 

a) (O)=f=O, (1) = (2) = 0[8 ]; 

b) (1)=f=O, (0) = (2) = 0[9 ]; 

c) (2)=f=O, (0) = (1) = 0; 
d) states of the 1r1r system with different total 

isotopic spin are mutually orthogonal and I ( 0 ) I 
=1(1)1=1(2)1. 

We note that the contribution of the excited state 
of the nucleon with isospin Y2 to processes of the 
type considered will be negligibly small for 1r 

meson energies of E ~ 5 Bev. With the above
mentioned assumptions we can therefore obtain 
exact relations between the cross sections for 

various processes. These relations and their com
parison with experiment are given in the table. The 
data in this table definitely point to the important 
role played by the interaction of the two mesons in 
the state with total isotopic spin 2. However, it has 
not yet been possible to discriminate in a unique 
way between, for example, the assumptions c) and 
d). 
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