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The optimal parameters of the Nilsson single particle potential in order
to reproduce the experimental radii of the ground states of nuclei and the
K-isomers Lu, Hf, Ta were found. The isospin dependence of harmonic os-
cillator frequency and the new parameters set of the Seo correction term in
the single-particle potential make able to use the macroscopic—microscopic
model with free quasiparticle BCS pairing approximation to describe the
properties of nuclear ground and rotational K-isomeric states.

PACS numbers: 21.24.Dr, 21.30.Fe, 21.60.Jz

1. Introduction

The macroscopic—microscopic method has served for years as the prac-
tical tool to describe the properties of the ground states of nuclei, their
energies, deformations and radii. Though the Hartree-Fock self-consistent
models with various two-body nuclear forces as Gogny [1], Skyrme |[2], rel-
ativistic mean field theory [3] were developed as the better description of
the nuclear properties it is still interesting to check how do the quick sim-
ple methods work. They have usually less free parameters and give quickly
results for the broad regions of nuclei. Large progress in fitting the parame-
ters of the single particle potentials like Woods—Saxon [4] or Nilsson [5] one
makes their applications reasonable and practical.
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The deformed harmonic oscillator Nilsson [5] potential has got broader
application after introducing the Seo [6] correction term with shell dependent
K, i parameters of the spin orbit and square momentum terms.

This single particle base was used successfully to describe the deforma-
tions and radii of even—even [4] and odd—even nuclei, specially after includ-
ing the dynamical effects by generator coordinate method [7]. Though the
single-particle levels set of Seo [6] reproduced well the Woods—Saxon’s one
for spherical nuclei, it failed in description of the rotation excited states for
example the long living K isomers.

It was our aim to improve the parameters of Nilsson—Seo single particle
potential in order to reproduce charge radii of the ground states of experi-
mentally known nuclei and the proper energies of excited K isomeric states
of Lu, Hf and Ta to foresee their radii and shapes.

2. Theory

The potential energies of nuclei are found by the minimization of the
potential energy surface F(e,e4) on the quadrupole e, and hexadecapole &4
deformations parameters plane. The energy E consists of the two macro-
scopic and microscopic parts

E = Eip + AEghen - (1)

The first term is the liquid drop energy Frp [8] and the second one is the
microscopic shell correction of Strutinsky. The calculation is done for proton
and neutron sets separately, the proton—neutron pairing forces are not taken
into account yet. The sum of protons and neutrons microscopic energies
together with common liquid drop part is minimized over ¢, &4 deformation
giving the equilibrium deformations €4,y of every nucleus in the ground
or excited state.

The nuclear mean square radii or quadrupole moment are found in this
equilibrium point from the formula

(P)=2 > (v

v>0,v#£v;

,,/;2

V> VV2+Z<VZ' ‘fﬂl/» , (2)

where V2 are the BCS occupation factors [9], ;) the single particle states
occupied by the quasiparticles. The single-particle levels scheme e, and |v)
states are obtained by diagonalization of the single particle Hamiltonian
consisting of the kinetic energy and the Nilsson—Seo [6] potential V'

H = Lhwo(e, e4) Ay + Lhwo(e,e4)p® [1 — 2ePa(cos ) + 264 Py(cos 9y)]

—hwo (26wl - F+vwil 2 — (vnil®)n) (3)
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where the laplacian At, radius p, cos ¥, and angular momentum [ are ex-
pressed in stretched coordinates.

Nilsson harmonic oscillator frequency wg(e,e4) is obtained from the vol-
ume conservation condition inside the equipotential surface

) 1/3

PR B S —
(1+5) (1—2)"? s (1= FePa(x) + 24 Py(x))3/2

(4)

The spherical oscillator frequency, usually taken as
B wo= 40A~"'/3 MeV (5)

o Lo . on(p) .
is in our calculation isospin dependent w, °. This dependence was found
from the condition

on(p) o (r2)ynr)
h Wp = h wo < >n( ) (6)
(r2)exp

where neutron (r?)?_ are calculated from [10] RMFT formula, the proton

ones taken from Ref. [11].
The results are approximated by the formulae

0 N-2Z
h Gg= 39.12 <1 + o.ogT) A3 Mev (7)

o Z
h Gy = 40.45 <1 +0.11 ) A3 Mev. (8)

In formula (3) the correction term contains the following functions

kN1 = ko [1+ 8vn; (N + %)] + HlA_l/Sps,Nla (9)
where
Ro+%
Dot = / B2 (r)rdr (10)
Ro—2%
and
vni =Py (11)

where the probability of finding a nucleon inside a nucleus is

o

_a
Ro—¢

Py = / R%,(r)rdr . (12)
0
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The average orbital momentum square within N state is

Zl(Ql + 1)l(l + 1)1/]\”
da20+1)

Ry (r) are the radial functions of harmonic oscillator potential, the spherical

(vnil®)y = (13)

radius ;20 is
Ro=1.2- A3 fm. (14)

Aav denotes the average mass number of nuclear region, a = 0.7 is the
smooth parameter of nuclear skin.

The phenomenological parameters reproducing Woods—Saxon levels sche-
me were [6] kg = 0.021, k1 = 0.90, vy = 0.062. They are not sufficient for
the description of the rotational K isomeric excited states of nuclei. Inves-
tigating the single particle levels schemes of the 9 K-isomers: 76177178y,
WIS IT9HE and 178179180y and the possible quasiparticle configurations
of odd nucleons systems and excited states we have found the new set,
better reproducing the experimental energies of 56 states kg = 0.025, k1 =
0.88, vy = 0.062. The energies, radii and quadrupole moments of K-isomers
with the new harmonic oscillator frequencies (7), (8) and correction term
parameters were calculated. They agree better with the experimental data,
then the previous ones.
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