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It has been recently proposed a family of rank-one separable potentials (1) which
fits the nucleon-nucleon scattering data up to 460 MeV (lab).

These potentials were tested in different calculations of two- and three-nucleon para-
meters. In particular we mention the fact they reproduce fairly well the off-shell
behaviour of the two-nuecleon gystem. As a consequence of these results it appears
interesting to go further with the study of this new set of potentials. It is for this reason
that we have investigated their behaviour in connection with nuclear matter.

1t is well known that the binding energy per particle in infinite nuclear matter to
lowest order in the Brueckner-Goldstone (2) theory is given by
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where the sum goes over all occupied plane-wave states, 7' is the kinetic-energy operator
and @ is the reaction matrix. In terms of the relative and ¢.m. momenta, the G-matrix
is a solution of the Bethe-Gtoldstone equation
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@) <k|Gx(w)[k’> = <k|VIk> — o(K, p, w)

*

here Q(K, p) stands for the Pauli operator and the energy denominator is

K K
(3) G(K,p,’w)=6(p+5)+3(P—_2_)_w,

where & is the single-particle energy and w the starting energy. For the single-particle
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energy we use the following prescription:
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(5) Ukn) = 3 <{mn|Gg(w = &, + &,)|mn—nm).
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In solving the Bethe-Goldstone equation we made th_ei usual approximations: i) angle-
averaged Pauli operator, ii) averaged ¢.m. momentum K and iii) single-particle energies
of occupied states (i.e. k,<%;) by the reference spectrum, i.e.

kz

=4 ,

where 4 and M* are adjusted by least squares to the spectrum obtained from
eqgs. (4) and (5).

Due to the fact that the present potentials are diagonal in the eigenchannel repre-
sentation, the corresponding G-matrix is also diagonal in the present approximation
and can be evaluated in a simple way.

The final expression for the binding energy per particle is
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where « labels the eigenchannel (x= 0, 1, 2 in our case) and
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In a similar way one obtains for the single-particle potential
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This single-particle potential Uk,) was determined self-consistently and only few
iterations were necessary to achieve convergence.
In the present caleulation we include the contribution of all partial waves up to o = 2.
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In Fig. 1 we present the saturation curve for the studied potentials. They saturate
at kp= 1.68 fm-! with F/4 = —13.16 MeV. The compressibility at the saturation den-
gity is 125 MeV.
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Fig. 1. - Saturation curve (binding energy per particle plotted vs. kp). — — — Saturation

curve for the 38, + D, channel.

A comparison of our results with the values obtained with other potentials is pre-
sented in Table I, where we find that the present potentials give at least as good results
concerning nuclear matter as the ones obtained using more complicated interactions.
We note that the contribution of the 38, 3D, channel by itself saturates.

TaBLe I. — The binding energy corresponding to kr= 1.36 fm~1, the saturation densily
and the corresponding binding energy are tabulated for different local and separable potentials.

Potential EJA for Saturation Saturation References
kp=1.36fm-? k,(fm-1) E/A (MeV)
Reid H. C. — 5.6 —_ — CLEMENT et al. (%)
Reid 8. C. —11.1 1.46 — 12 Wong and SawaDpa (%)
Hamada-Johnston — 6.8 1.26 — 7.1 Woxg and SAwaDpA (%)
Tabakin (rank 2) —14.7 2 —21.15 CLEMENT et al. (%)
Mongan 1 —17.48 1.6 —19.3 CLEMENT et al. (3)
Hamman —27.26 —_ — CLEMENT et al. (3)
Present potential —11.28 1.68 —13.6

We conclude that the potential reproduces fairly well nuclear-matter properties.
These properties, coupled with the simplicity of its separable form, make it desirable
for finite-nuclei calculations.
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