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A large electromagnetic correction (va 1n?(s/sg) can appear
in processes with large multiplicity. This correction may explain
the observed growth of the cross sections in ISR experiments.

1. In hadron collisions, an increase in energy leads to a rapid growth of the multiplicity,
<nep> 2 3 In s + b, Prompt production of a large number of charged particles is accompanied by
strong electromagnetic radiation.

It is know that the relative momenta of the produced hadrons are not small on the average.
The electromagnetic radiation of individual hadrons is therefore incoherent in the mean. This
can be verified, for example, by considering the fluctuations of the squared change of a charge
moving to the right in the c¢.m.s. In sum, the cross section of the accompanying radiation in-
creases in the principal approximation in proportion to <n.},>. A simple calculation by means of
the usual formulas (see, e.g., [1]) yields [2]
o dk¢ dw ’
do =_é;_;2i7<nch>glof' &)
L

Here w and k are the frequency and transverse momentum of the photon.

Allowance for the correlations, if their radius is finite, does not change the principal
conclusion that do is proportional to <n.,>. Thus, if the hadrons are produced in clusters
(fireballs) with mzan—squared charge <Q2>, and if the number of clusters is N, then the quantity
<ncp> in (1) is replaced by N<Q?> ~ <ngp>.

2. Integration of the cross section (1) leads to the usual expression containing
<1n2qiq-> (q; and q; are the momenta of the produced hadrons). When calculating the correction
to the total cross Section, it is necessary to add here the compensating contributions due to
exchange of virtual photons. The assumption that the amplitudes decrease rapidly on going off
the mass shell and with increasing |t| lead to a complete cancellation of the doubly-logarithmic
terms [3]. It is natural to assume, however, that at least one logarithm remains in the sum.
One of the causes of its preservation may be (in the language of [3]) the numerical difference
between the electromagnetic and strong radii of the hadron!). Under this assumption, the cor-
rection to the total cross section is

9 9;
><"ch>0 .

tot
m’.m’.

aC < In

Making furthermore the assumption of equipartition in rapidity space, we readily obtain
<In(q;q;/m;m;)> = (1/3)1n(s/ 2y, As a final result, the measured total cross section cgg is

expressed in terms of the purely hadronic 0.,y by the following relation:
ex ¢ s
ofiP = (1 + a—3—1n - <a_p > )004. (2)
m
P
If we use for the multiplicity the usual approximation <n.y> = a ln s + b, a = 1.65, then we
obtain from (2)?
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The coefficient C should not depend on the type of the reaction considered (pp, Pp, Kip, nip,
YP, ...). Allowance for singly-logarithmic terms in (3) reduces simply to a change of the value
of sy, which can differ noticeably in different reactions,

We note that in multiperipheral models, where the total cross section is described by a
sum of diagrams of the ladder type, the effect considered here corresponds to inclusion of
the diagrams shown in Fig, 1, With respect to a diagram without photons, each such diagram
yields, according to [5], an extra factor A(n)ln s,

3. Even if the pure hadron cross section is constant or slowly varying, the measured
cross section (3) can increase quite rapidly. This may explain the growth of the total cross
sections, observed at s 3> 500 GeV [7, 8]. By way of illustration, Fig. 2 compares the data on
the total pp-scattering cross sections in the Py, interval from 10 to 3x10% GeV/c with a simple
approximation corresponding to allowance for the contributions of the P, P', andu;trajectories3)

gEXP - 36,5 (1+ 3—"1n2f—)mb +as=1/20 s =20 GeV,
’ " so ° (4)

a = 14,7 mb/Gev .

To describe Pp scattering it is necessary to change only the coefficient a, which is con-
nected with allowance for the contributions of P' and w., A good approximation is obtained at
a = 84 mb/GeV. For K*p scattering we have a = 0 and ofaf = [1 + (30/7)1n (s/s§)]opgr- As stated
above, sy and s may differ. The choice s} = 10 GeV ensures here the cross-section growth
observed in Serpukhov [9].

The authors are grateful to N. N. Achasov, A. I. Vainshtein, A. V. Efremov, G. V. Meledin,
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V. G. Serbo, V. V. Serebryakov, and L. D. Solov'ev for useful discussions,

1) we note that the result of Lee and Nauenberg [4] cannot be applied directly to the
total hadron scattering cross sections. Inasmuch as opo¢ ~ mjp2, the transitions
s> = and my -+ 0 are not equivalent here.

2)of course, the cross section includes also other electromagnetic corrections, for
example those connected with interference between strong and Coulomb amplitudes in
elastic and inelastic scattering. They can become appreciable at moderately high
energies, but decrease with increasing s [6].

3) We did not try here to obtain the best approximation, bearing in mind only a demon-
stration of the effect.
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We calculate the excitation energies of p-shell hypernuc-
lei with AN potentials having strong repulsion in odd states.

A few recent papers [1 - 3] report the existence of excited states of the hypernuclei C12
and N1* with approximate excitation energy and width 11 and 0.5 MeV, respectively, which are
stable against A-particle emission (see also [4]). There are two possibilities for excited-
state production, excitation of the core nucleus and excitation of the A particle. According
to the Dalitz hypothesis [5], the A particle in the observed excited states is in the p-state
relative to the mass center.

A theoretical analysis of the excited states of p-shell hypernuclei is of interest for the
following reasons: With further progress in the physics of hypernuclei, our ideas concerning
the AN interaction are altered appreciably and, unfortunately, still remain unsatisfactory at
present. The failure to describe the binding energies of hypernuclei with mass number A > 5
on the basis of a paired central AN potential has stimulated investigations of other possible
components of lambda-nucleon interaction (three-particle ANN forces, effects of AI suppression,
etc.). The excited states of p-shell hypernuclei yield new data, which make it possible to
verify the correctness of our notions concerning AN interactions.

One of the possible methods of eliminating the overestimate of the binding energies of
hypernuclei with A > 5 is to introduce Majorana AN forces. Assuming equality of the singlet and
triplet AN potentials and taking the Majorana forces into account, the paired AN potential takes
the form

1 1
VA = 5 Ve lle Pt 5 V=R,
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