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HARTREE FOCK CALCULATIONS FOR EVEN-EVEN N =Z
NUCLEI IN THE 2s-1d SHELL USING VELOCITY-DEPENDENT
EFFECTIVE POTENTIAL OF s-WAVE INTERACTION

By M. Y. M. HassaN AND A. SH. GHazAL
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Single-major shell Hartree-Fock calculations of the doubly even N = Z nuclei in
the 25— 1d shell have been performed using velocity-dependent effective potential of s-wave
interaction. The results are compared with previous calculations as well as with the experi-
mental data. Good agreement is obtained between the calculated binding energies and the
experimental ones.

1. Introduction

In the last few years there has been an extensive interest in the use of effective inter-
actions in the Hartree-Fock (HF) approximation to calculate the nuclear properties. In
most cases the parameters of the effective interaction are determined by studying the
many-body problem, particularly from the requirement that the first order of the per-
turbation theory yields the correct value of the binding energy (BE) and the density of
nuclear matter, and the BE of light nuclei. However these parameters are not related to
the parameters of the free nucleon-nucleon force. An attempt in this direction was made
by Dzhibuti and Mamasakhlisov [1] who have derived an effective interaction which is
directly related to the free nucleon-nucleon force. This effective interaction was modified
by Dzhibuti and Sallam [2} (DS) who applied it to calculate the BE of large group of
nuclei ranging from *He to 2°®Pb using shell model techniques. In this work, single-major
shell HF calculation has been performed to even-even, N = Z nuclei in the 25— 14 shell
using the modified form of the effective interaction introduced by Dzhibuti and Sallam.

Many HF calculations with single major shell and multi-shells have been performed
to 25— 1d shell nuclei. The first explicit application of single-major shell HF calculation
to deformed nuclei of the 25— 1d shell was made by Kelson [3]. Ripka [4] has studied
in detail single-major shell HF calculations to 25— 1d shell nuclei. On the other hand,
many multi-shell HF calculations have been performed to 2s— 14 shell nuclei such as
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those of Krieger [5] (K), Muthukrishnan [6] (M), Zofka and Ripka [7] (LINGE) and
Lassey et al. [8] (MDIK). We have compared our results with those of K, M, LINGE
and MDIK.

In the next Section, a description of the potential and the method of calculation is
given. The results and the discussion are given in Section 3.

2. Description of the potential and method of calculation

The effective potential used has the following form [2}:
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where V,,,,(r) is the realistic potential parametrized in accordance with the two-nucleon
problem in vacuum; it has the form:

I/real(;:) = [af(?l 1)+ 400 a3) C ;2)] exp (“rz/’f)s @
where 7;, 7; are the spin and isotopic spin operators and the parameters a,, a,, and r, are
given by:

a, = 2.096 MeV, a, = 7.767TMeV, r = 2.18{m. 3)
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exp (a 5.;) to the two similar wave functions from the RHS and LHS respectively in
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the two body matrix element it is necessary to make the substitution a - r. The second
term in equation (1) describes the multiparticle effect; this part of the effective potential
depends on the parameter 1(4) which is a function of the mass number 4. The method
of single-major shell HF calculations is described in detail by Ripka [4] and is applied
in the present work. The HF calculations did not include Coulomb effects. To include
such effect we used the formula [2]

E. = 0.71Z%/A, @)

3. Results and discussion

The values of the parameter A(4) were taken from the calculation of DS for?2Si,
328 and “°Ca. With respect to 2°Ne and 2*Mg these two nuclei were not considered by DS.

. mao . . .
We have varied A and the oscillator parameter o = \/ e until a minimum HF energy
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is obtained. The paranieter «, for 28Si, 32S, and *°Ca was chosen to give the experimental [9}
mean square radius R [10],

R = (r[2)'"2,

™,

> |
M, is the number of proton particle orbits outside the core 0. The values of 4, «, R
(theoretical) and R (experimental) are shown in Table I.

where

oty = L [18+
2
o

TABLE I

The values of the oscillator parameter « (fm~!), the experimental (Ref, [9a, b]) and the theoretical values
of the root mean square radius

Nucleus a(fm1) Ryp(fm) Rexp(fm) A(fm3)
20Ne 0.581 2.72 2.91® 0.18
24Mg 0.561 2.91 3.03+£0.03(®), 3.01+0.03(® 0.5
2854 0.549 3.04 3.114+0.03®  3.09+0.02® 2.5
328 0.531 3.193 3.25+0.03®, 3.2440.020 2.8
40Ca 0.501 3.457 3.48+0.02),  3.47+0.06(% . 3.9

Table II contains the binding energies per particle of the HF states calculated with

various forces as well as with the experimental values [11]. We see from columns 2 and 3
that the binding energy per particle calculated by K and M are considerably smaller than

TABLE II

A comparison between the experimental binding energy per particle (MeV) and the theoretical values
Nucleus Exp. Present work K M LINGE MDIK
20Ne —8.00 —~8.29 —-4.76 -4.31 ~17.15 —17.50
24Mg —8.20 —-7.69 —4.88 — —~7.20 -7.53
28Siob —8.42 —8.28 _ —4.66 ~7.48 ~17.88
288ipe — —8.25 — —4.65 -7.37 —~7.69
328 —8.46 —8.22 —-5.94 — -1.57 -1.77
40Ca —8.55 -7.95 -7.07 —-5.71 —-8.17 —8.40

the experimental values. The values obtained by K increase faster with particle number
than either the experimental values or those of the other calculations which may be due
to a too strongly repulsive surface energy, while the values given by Zofka and Ripka
(LINGE) are in better agreement with the experiment but are still smaller than the experi-
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mental data. The calculations of Lassey et al. (MDIK) are slightly greater than those
of LINGE and so are nearer to the experimental values. The values found in the present
work are in good agreement with experiment as shown in Table II.

Ripka [4] has calculated the charge quadrupole moment using single major shell HF
approximation. The results of his calculation show that the values obtained are very
much smaller than the experimental data. The values we have obtained for the charge
quadrupole moment for 2°Ne and 2*Mg are 21.57 and 16.27 fm? compared to the experi-
mental values 54+3 [12] and 67+4 fm? [13], respectively.

Table III gives the values of the energy gaps calculated in the present work as well
as those obtained by LINGE and MDIK forces. Our values are less than those obtained
using LINGE and MDIK forces. This may be attributed to the absence of a p-state term
in the interaction as pointed out by Khadkikar [14]. Also Ripka [4] has shown that the
gap is due to the large Majorana exchange component of the force. In this work the second
part of the potential does not contain any Majorana exchange component which may
explain the small values obtained for the energy gaps. Indeed, all the calculated values
of the energy gap are less than the experimental ones as can be shown from Table IIL

TABLE 111
A comparison between the experimental energy gaps (MeV) (Ref. [10]) and the theoretical calculations [7, 8]
Nucleus Exp. g Present work LINGE MDIK
_ ! - .
H N

20Ne 10.11 [ 2.0 6.9 i 6.2
24Mg 9.21 | 2.9 4.8 2.8
288 4 8.69 ] 4.7 6.4 7.5
288, 3 32 8.4 4.5
25, 6.43 | 8.1 5.1 , 3.7

In conclusion one may hope to obtain better results by modifying the potential in
such a way as to contain a p-state term. Also the assumption of an inert core (which
leads to small quadrupole moments) must be released. Such calculations are now in
progress.
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