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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AN-potential Excit. energy, MeV

V,, MeV|r,,F |V MeV| r_,F| & Bey | cy | o

- - — - -0.8 7.9 11.4 15,7

1 497.1 0.75 198.2 1.2 -1.0 7.7 11,2 15.4
- - - - 1,2 7.5 10.9 15.1

- - - - -0.8 7,3 11.2 14.8

2 588.6 1,0 418.0 1.2 1 -1.0 7,2 10,9 14,4
- - - - -1.2 6,9 | 106 | 13.9

., where Vg = (Vg + 3V¢)/4, Vg and V¢ are the singlet and triplet AN potentials in the relative s-
state, P, is the coordinate permutation operator. Assuming further that the interaction has the
same radial dependence in the even and in the odd states, we can put Vi = kVg. The binding

energies of the hypernuclei with 5 < A < 41 are reproduced quite satisfactorily at k = -1, i.e.,

at a repelling AN interaction in the p-state approximately equal to the interaction force in the
s-state [6].

We present here the results of a calculation of the excitation energies of p-shell hyper-
nuclei with AN potentials having a strong repulsion in the relative p-state. A description
of the calculation technique and the parameters of the employed NN potentials can be found in

[6], where the ¥variation of the A-particle detachment energy with increasing mass number A
is also given.

The obtained excitation energies of the hypernuclei Bej, C;i3, 0;7 with the A particle in
the p-state, for certain variants of the AN potentials with a Gaussian radial dependence

V. (r) = V,exp(- ri/el) - Vexp(-r?/r?)

are listed in the table. In the field of the spherically asymmetrical core nucleus, the p-level

of the A particle is split, and the table indicates only the lower values of the excitation
energy.

Although we have analyzed hypernuclei with unknown excitation energies, it is reasonable
to assume that the excitation energy is no less smooth a function of the mass number A than the
A-particle detachment energy, and we are justified in interpolating the obtained values.

It is of interest to note the following circumstances: 1) the assumed strong repulsion in
the odd states leads to excitation energies that agree satisfactorily with experiment; 2) the
excitation energy depends less on the details of the AN potential than the A-particle detachment
energy; 3) according to the result, we should expect excited states with p-shell A particles to
be found in the discrete spectrum only for hypernuclei with A 5 12.

The authors thank A. I. Baz', Yu. T. Grin', and M. V. Zhukov for a discussion of the
results of the work.
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