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Abstract: The structure of neutron-rich even-even *7®Ni have been investigated by means of large-scale shell-model calculations. The
energy levels for positive and negative parity states and the reduced transition probabilities B(E2;0 — 2)are calculated by using the shell
model code Nushellxby employing the effective interactions jun45 and jj44b. The results for excitation energies and reduced transition
probabilities are compared with the recent available experimental data. Reasonable agreement is obtained for all isotopes under study.
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1. Introduction

The nuclear shell model has been very successful in our
understanding of nuclear structure: once a suitable effective
interaction is found, the shell model can predict various
observables accurately and systematically [1]. For light
nuclei, there are several “standard” effective interactions
such as the Cohen-Kurath [2].The nickel isotopes (Z = 28)
cover three doubly-closed shells with number N = 38,to N =
48 have been described by state-of-the-art shell model
calculations with two recently available interactions using
*®Ni as a core in the fs;,pge, model space and therefore a
unigue testing ground to investigate the evolution of shell
structure.

The ®Ni and its neighboring attracted the interest of recent
research to answer the magicity versus superfluidity question
related to doubly magic character of this nuclei[3,4,5,6,7].
Srivastava[8], performed shell model calculations for Ni, Cu
and Zn isotopes by modifying the fpg interaction by
modifying 28 two-body matrix element of the earlier
interaction, the new interaction codenamed fpg9a is tuned for
Cu isotopes and tested for Ni and Zn isotopes. Very recently
F. Recchia et al. [9] investigated the level structure of ®®Ni by
two-neutron knockout and multi-nucleon-transfer reaction
and they compare their experimental finding with the shell
model calculations using several modern effective
interactions. Y. Tsunoda [10], studied the shapes of neutron-
rich exotic Ni isotopes by performing large-scale shell model
calculations by the advanced Monte Carlo shell model
(MCSM) in which the experimental energy levels are well
described by using a single fixed Hamiltonian.

In this research we report the shell model calculations in the
fpg-shell region for the even-even “'°Ni isotopes by
employing the modern jun45 [11] and jj44b [12] effective
interactions, to test the ability of the present effective
interactions to reproduce the experiment in this mass region.

2. Shell Model Calculation

The independent-particle Hamiltonian of an A-particle
system can be written in terms two-particle interactions as
[11],

Hg Tk"'i i W (@, ) 1

A
k=1 k=11=k+1

whereWw (rk , 7l) is the two-body interaction between the k™
and 1" nucleons. Choosing an average potential U(r,), the
Hamiltonian becomes [11],
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Fiz. 1: Comparison of the excitation energies for M1 isctope withtheir
comesponding experimertal vabies using puds and b effectire
iteractions. Experomertal data taken fien ref [14].

where the first term is identical to the independent-particle
Hamiltonian, and the second and third account for the
deviation from independent particle motion, known as the
residual interaction. Separating the summations into core and
valence contributions, eqn.(2) can be re-written [11],

H=H,,. + H+ Hy+ V(7,7,) (3)In the above equation,
H,.,.. contains all of the interactions of nucleons making up
the core,H; and H, are the single-particle contributions from
particlesland 2, and V(7y,73)is the residual interaction
describing all interactions between particles 1 and 2as well
as any interaction with core nucleons. Inserting this form of
the Hamiltonian into the Schrddinger equation yields an
analogous expression for the energy [11],
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E=Eeppe +E +Ey + (0, [V(rT,72)|®;,) (4)

Here, E,,,. is the binding energy of the core nucleus,E; and
E,are defined as the single-particle energies of orbitals
outside the core, and (@, .|[V(r1,72)|®, ,) is the residual
interaction which needs to be defined by theory. It is
important to note that the energy given by eqn. (4) is for pure
configurations only. In principle, any close-lying state with
the same total angular momentum J and total isospint will
mix. The mixed eigen states are given by linear combinations
of the unperturbed wave functions [11],
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Fig. 2: Comparison of the excitation ensrgies for ““Mi with their
comesponding experimental vales using prds and b effectnee
irteractions. Experovent al data talen ficen ref [14].
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where g is the number of configurations that mix and the
label p =1,2,..., g. The coefficients ay, fulfill the condition

4],
g
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Inserting egn. (5) into the_Schrddinger equation gives,
H(¥)2)p = By (¥),0p (7
which leads to a system of linear equations.

3. Results and Discussions
3.1 Excitation Energies

The core is taken at **Ni for all isotopes under study with
valence nucleons distributed psp, fsp, P12 and gepvalence
space by employing jun45 and jj44b effective interactions
using the shell model code Nushellx. The comparison of the
calculated energy levels for even-even ®°"°Ni isotopes are
presented in figures (1-6) employing jun45 and jj44b
effective interactions with the recent available experimental
data. Figure 1 presents the comparison of our calculations
using the mentioned effective interactions for positive and

negative parity states, jj44b are in better agreement with the
experiment than jun45 and both interactions are in
reasonable agreement with the experimental data up to
JT =8*.

The calculations of the excitation energies for positive and
negative parity states are shown in Fig.2 in which our
theoretical calculations are in reasonable agreement with the
experimental data, but none of the effective interactions are
able to predict the correct energy level sequence for J™ > 4.

Figure 3 presents the comparison of the calculated energy
levels for Ni nucleus with jun45 and jj44b effective
residual interactions. The calculations using both effective
interactions are in reasonable agreement the effective
interaction jun45 are in better agreement than jj44b effective
interaction with the experiment.
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Fig. 3: Comparison of the excitation energies for i isotope withtheir
comesponding experimental vabies wing meds awd b effectre
iteractions. Experpnertal data talen ficen vef) [14].
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Fiz. 4: Comparison of the exctation ensrgies for “Hi isotope with

thelr cowesponding experimental vahies wing qands and j4db

effective mteractoms. Experomertal data taken fioen vef. [14].
Figures 4, 5, and 6 shows same comparison for our
theoretical energy levels using jun45 and jj44b residual
effective interactions by considering the core at *°Ni. The
comparison shows reasonable agreement with the
experimental data and the best results achieved by using
jj44b effective interaction for the isotopes "*"® Nii.
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Fiz. 5: Comparison of the exctation ensrgies for “Hi isctope with
thelr comesponding expernmertal vahies wsing qds and b
effective nteractions. Expernmertal data taken fican ref [14].
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Fiz. & Comvparison of the ecitaim energies for “Mi sotope with
thelr comesponding eperinetal vahes wing pwds ad jddh
effective rietactions. Expernmertal data taken froen ref) [14].
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Fig.7: Comparison of the expenmental transtiond(EL0 = 2]
taken fioem Fef. [15] with the present thecretical work using
mand Sand 194b  effective wderactams. Expernment data taken
froan ref’ [15].

3.2 Reduced Transition Probabilities

Since the transition rates represent a sensitive test for the
most modern effective interactions that have been developed
to describe fpg9/2-shell nuclei. The transition strengths
calculated in this work performed using the Skyrme potential
(sk20) for each in-band transition by assuming pure E2
transition. Core polarization effect were included by

choosing the effective charges for protone;’” = 1.0 e and for

neutron e,‘jf f= 156e. Our theoretical results and
experimental values [15] are tabulated in Table 1 and plotted
as shown in Fig7..
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Table 1: theoretical and experimental result transition
B(E2;0 — 2) ®*®'Nij isotopes in units of e*fm®*.

e -
Jimdp | NU b esn | junas | jjadb
|sotopes

0—2 ®Ni 611 | 761.2 743.1
0—2 ®Ni 260 | 609.6 500.9
0—2 ONi 860 | 683.2 722.8
0—2 2Ni - 775.4 | 886.8
0—2 "Ni |1270 | 7129 | 7738
0—2 N - 487 | 456.9

4. Conclusions

In the present work large scale shell model calculations have
been performed for neutron rich even-even *®Ni isotopes.
The energy levels and transition strength are calculated by
employing jun45 and jj44b effective interactions. The effects
of core polarization are taken into consideration by using the
effective charges with fixed values for the entire set of
isotopes. The facts that core-polarization contribution is
considered through the effective charges are not always an
adequate choice for the calculation for the reduced transition
probabilities and the core polarization should be included
through a microscopic theory. The systematic study of the
reduced transition probabilities proves limitation to
reproduce the experiment and microscopic theory for
considering the effect of core polarization might improve the
situation.
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