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ABSTRACT

Using the separation method of Moszkowski and Scott (1960), a caleulation has been made
of the depth of the A-nucleon potential in nuclear matter. The result, viz, B4 =—22-56 MeV,
is quite close to the empirical value 21-7 MeV derived from the systematics of hypernueclei,

Since the discovery of the hypernuclei, i.e. bound systems of hyperons
and nucleons, in 1953, their study has been intensively pursued at various
research centres. It is observed that the binding energy of the A particle,
B, increases monotonically with increase in the number of nucleons 4 in
the system. This can be explained (Ivanenko ef al. 1959; Dalitz and Downs
1958; Fry 1958) qualitatively by noting that the depth of the potential well
for a A particle in nuclear matter depends only on the density of the nuclear
matter for a given A-nucleon force, and, hence in heavy nuclei, the A particle
will have a well depth independent of 4 while the radius of the nucleus in-
creases with 4. Since the 4 particle is bound in a 1S state, B, can be ex-
pected to increase monotonically with 4. Early in 1956 a self-consistent
potential for the A particle was introduced (Ivanenko and Kolesnikov 1957) in
the form of a rectangular well of depth V, independent of the spins such that

Z2he

BA:I’O_W .. .. . .. (])

where R is the radius of the well and Z2 is a quantity depending on the product
Voli2. A value V; = 25 MeV wag found to give good agreement. A recent
detailed analysis by Walecka (1960) yields a value V= 21-7 MeV.

It is known (Iwao 1960) that the structure of the A-nucleon interaction
is qualitatively similar to the nucleon-nucleon interaction, although the strength
and the range of the two interactions cannot be expected to be the same. This .
suggests that the methods used in the study of the nuclear many-body problem
can be extended to the case of hypernuclei. Such an attempt was made by
Walecka (1960) following the study of Gomes, Walecka and Weisskopf (1958),
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in which the contributions from the core and the attractive regions are eva-
luated separately. In the present paper we use the separation method of
Moszkowski and Scott (1960) to calculate V.
For the A-nucleon interaction we take
Vil=4w, r<e,
= Ve H,7>c¢,

with ¢ =04Xx10"" em, p=24x1013 em ' and Vo=1/4 (3 V3+V}) =
420 MeV. These parameters are taken from the phenomenological studies
of Kovacs and Lichtenberg (1959) as adopted by Walecka (1960). This poten-
tial is quite close to the one derived from the meson theoretical considerations
(Lyul’ka and Filimonov 1959). Moszkowski and Scott (1960) have separated
the potential as

Ve=V+V, e
where V includes the core region and a part of the attraction so as to give
zero phase shift. In the language of the Brueckner theory we solve for the
matrix elements of the reaction matrix ¢' from the integral equation

zN=V+V§ﬁ .. .. .. o (8)

@ being the operator to take account of the Pauli principle and e the two-
particle propagator. The binding energy of the A particle is then simply
obtained by averaging these over the Fermi sea

1 '
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Making the separation as given in equation (2) we can write equation (3)

up to second order as
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The first two terms on the right are the first order contributions, and the follow-
ing second order terms are the Pauli, the dispersion, the interference, and the
second order perturbation terms respectively. When the separation is made
such that ¥, alone gives zero phase shift, we have

(ts)kk =0
and

T - e e .. (6)
For the density of the nuclear matter we use ky = 1-4 (R = 1-085 A%, The

numerical calculations were carried out on the IBM 709 at the Western Data
Processing Centre, University of California, Los Angeles. (The code for these
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machine calculations was kindly supplied by Dr. B. L. Scott). The second
order terms were calculated for the state of zero relative momentum (k = 0),
since we know from the nuclear case that these do not depend strongly on £.
The details of the computational procedure are given in Moszkowski and
Scott (1960). The results obtained are as follows:

E (1) = —30-34 MeV,
E (2) = AE(P)+ AED)+AE(I)+AE(V),
= +0-384890—119—0-31,
= 4778 MeV,
E =E ()+E (2) = —22:56 MeV.

Thus we see that our calculations give a result very close to the value derived
from the systematics of hypernuclei. It appears that there is no contribution
to the binding energy from the states with angular momentum other

than zero.

Note added in proof :

For final results of this study based on somewhat better approximations,
please see a forthcoming paper by Taherzadeh, M., Moszkowski, S. A., and
Sood, P. C. (1962) in Nuovo Cim.
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