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The peripheral interaction of two nucleons (EJ, = 9 Bev) arising in the exchange of one pion
is considered. The cross section for such processes is estimated. It is found that excited
nucleons in such peripheral interactions are in states with isospin 3/2

THE following features were observed! in the in-
teraction of 9 Bev nucleons: 1) in the case of col-
lision of two protons (to be referred to as p-p
interaction), the distribution of secondary particles
was anisotropic in the center-of-mass system
(c.m.s.); 2) in the case of neutron-proton colli-
sions, the distribution of secondary charged par-
ticles was asymmetrical; namely, in the majority
of cases the secondary proton is emitted in the ini-
tial direction (“the proton conserves its charge”).

Tamm has shown? that all of these facts can be
explained by assuming that in peripheral interac-
tions of the two nucleons, both nucleons are simul-
taneously excited to the isobaric state with isospin
% and mass M=1.3m (m is the mass of the
nucleon).

We shall investigate here the peripheral inter-
action in the exchange of one meson by two nucleons
of energy EI, = 9 Bev. We shall concentrate mainly
on the question as to how well justified the assump-
tion (made by Tamm in reference 2) about simul-
taneous isobaric excitation of both nucleons is, and
what the cross section for such a process- is. It
should be noted, that the calculation of peripheral
collisions of two nucleons where both nucleons are
excited should be carried out in perturbation theory
(see reference 3); the Weizsicker-Williams method
gives incorrect results in this case.

 The calculation was carried out, starting from
Feynman diagrams (see the figure). Using the
general rules, the expression for the probability
of the process can be written in the form
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where pg and qo are the 4-momenta of the col-
liding nucleons, pj and qj are the momenta of
the secondary particles, k =py; — 2, pi =pg — Py;
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k' =py— 25 qj; k*=k*—kf; My and M, are the
matrix elements corresponding to the first and
second vertices of the diagram.

It should be noted that the denominator of the
first term is small only in the region of small
angles ¢ ~ p/py (& is the angle between p; and
P,); the denominator of the second term is small
in the region ¢ ~ T —u/p,. It can be shown that
the square of the first term in the region & ~ u/p,
has the same absolute value as the square of the
second term in the region ¢ ~ m—pu/py. The inter-
ference term is small compared with these terms
and is of comparable size only in the region 4
~ 1/2, where all three terms are small.* Because
of this, the interference term can be neglected, and
the interaction probability can be written as
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Calculation of the matrix elements M; and M,
requires knowledge of operators for the angular

*In integrating over the angles 9, the contribution from the
interference term is smaller by a factor of p/p? than the con-
tributions from the squares of the first or second term, if the
angular dependence is assumed to be determined by the denom-
inator.
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parts, which is not known at these energies. There-
fore, it is more convenient to use known results
about the magnitude of the pion-nucleon interaction
cross section. Noting that the probability of inter-
action of a T meson (with 4-momentum k) with

a nucleon (of momentum q,) is equal to
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it is possible to rewrite the expression for the
cross section for peripheral collision of nucleons

o (qq, Py) as
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where E; and E, are the energies of the colliding
nucleons (they are equal in the c.m.s., E; = E,

= Ey); w is the energy of the m meson, o(w) is
the cross section for pion-nucleon interaction; J
is the relative.current of ™ mesons, so that
Jgo(w) = wq.

The quantity wEJpo(w) is invariant with re-
spect to Lorentz transformations and can depend
only on invariant combinations of the momenta p,
and k. It should be noted that the momentum of
the virtual 7 meson enters into these invariant
combinations; however, the degree of its “virtual-
ness” in peripheral interactions is small: k2 + p?
~ #2‘

In the future we neglect any differences in these
expressions from those for the interaction of a real
m meson with a nucleon. This neglect is equivalent
to the assumption that wEJqo(w) depends less on
the angle ¢4 between p, and P; than does the de-
nominator (k2 + u?). In fact, it is easy to see that
for small imaginary values ¢ ~ iu/Eg, the “vir-
tualness” k*+ u? =0 and the quantity wEJq0 (w)
coincide with the expression for real ™ mesons.
Extrapolating this value into the region of real
small angles (considering the dependence of
wEJro(w) on angle to be both analytical and
small), we find that in the region of real angles
this expression is near to that for real m mesons.
In this case, the quantities wEiJ#)ol (w) and
wE2J§r2’az (w) depend only on the quantities m
and p® ( i is the meson mass), and also on the
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quantities 5.321 ;and sz (5.\)?1 = —Pz = -] Epl |2
and 55)22 = —| E qj |y which can convemently be

introduced stce they represent masses of excited
nucleons which then rapidly decay into secondary
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particles.* The differential d*P; can be expressed
as

APy = L Sy d Mo, 2rd (cos B). @)
0
The cross section can then be put into the form
_—e )
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where z = (% - m? - u?)/2, y = (M3 - m? - 1?)/2

x? =2y [ Eg + (z + y) [22y + m® (z + y)1 ] 4Es.

From this expression it can be seen that the
angular distribution of excited particles is aniso-
tropic in the c.m.s. and concentrated in the region
of small angles % ~ (u? + k%)/p}. As will be seen
from the following, K2 ~ “2 and, consequently, the
angles ¢ are ~pu/p,, in agreement with the gener-
ally accepted picture4 that p) ~ dpg ~ .

Integrating over angles, we obtain the total cross
section as
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Here o3/, and oy, enter separately; they are
the cross sections for pion-nucleon interaction in
states with isospin 3/2 and 1/2.

In accordance with the above, we used experi-
mental values for the pion-nucleon cross section
for o(z/m) and o (y/m).

In order to evaluate the cross section, it is
necessary to integrate (6) numerically, since the
values of o(z/m) and o(y/m) are given numer-
ically. The main contribution to the integral comes
from the region M — m? ~ sm% -m?~ 2Egu (k%~p?),
since the denominator increases rapidly with larger
values of M; and M,.

It should be noted that in our case, where Ef,
=9 Bev and Ej = 2.3 Bev, this region coincides
with the region of maximum cross section
032 (z/m), so that oy, makes the overwhelming
contribution in all expressions.

We give now the results of calculations.

¥We note that here and in the following calculations, the
masses M; and M are considered to be variables which can take
on arbitrary values and are not yet set equal to the mass of the
isobar.

tExperimental data on the cross section for pion-nucleon
interactions’ up to 7-meson energy @ = 1.9 Bev® was used in the
calculations. The maximum angle was taken equal to 9pax =
3p/p,.
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The quantity o3/, 33 (Eg) — the cross section
for the process in which both excited nucleons are
in the state with isospin % — is equal to

oy, 1, (Eg) = {2.9 b for p-p interactions g
30 4 mb for p-n interactions

The quantity 033 173 (Eg) is the cross section for
the process in which one of the excited nucleons
has isospin %, and the other Y%:

0.48 mb for p-p interactions
0.17 mb for p-n interactions.

®

c'/tv s (EO) = c'/z. A (EO) X

Further,

0.01 mb for p-p interactions
5414 (Eo) == 0y, v, (E) X PP

From this it follows that the main process is that
with two isobars.

It should be noted that Eq. (6) does not include
processes in which at least one of the mesons re-
mains unexcited. The contribution from these
processes can be estimated, assuming that the
angular operator in this process is equal to vs.
This contribution turns out to be equal to

So (EO) -~ 10_20’/27 2 (EO) (9)

From this it can be seen that it is negligible in
comparison with (7) and (8) and has no effect on
the conclusions drawn above.

0.05 mb for p-n interactions.
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In conclusion we note that (6) can be employed
at higher energies and in cases where the nucleons
are excited differently.

In the high-energy region it gives more com-
plete information than either the Weizsicker-
Williams method or the expression in reference 3,
obtained under rougher approximations, for peri-
pheral interactions.

In conclusion, the authors would like to thank
Academician I. E. Tamm, Academician V. I. Veks-
ler, and Professor E. L. Feinberg for fruitful dis-
cussions.
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