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Introduction

The nuclei around thpf shell region attract interactions [8] forZ = 28 isotopes antll = 50
much attention and interest because of observégbtones separately in tHgogy shell. For many
and expected phenomena, for instance, shapauclei in the middle of the presefipgy shell,
coexistence, anomalously low-lying” @xcited very large B(E2) values are observed
states, various kinds of isomers, and doyble experimentally for transitions among low-lying
decay. Among these, the evolution of the sheltates, suggesting a significant deformation. The
structure can be found in many nuclei. Thegresent model space is insufficient to describe
measured mass systematic shows the narrowisgch a large quadrupole collectivity because of
of the N = 50 shell gap toward = 32 [1], while the lack of thef;, orbit in theN,s. = 3 shell and
the persistence of thBl = 50 shell closure is theds, orbit in theNys. = 4 shell, both important
suggested ifi’Ge based on thB(E2) data [2]. In orbits needed to account for the development of
Cu isotopes, the large energy gap above thmich a collectivity. Therefore, the data on nuclei
192" state in"*Cu [3] is interpreted as a supportwith N <46 andZ > 33 is excluded. As a resuilt,
of the stability of theN = 40 shell gap. On the the target nuclei for which a reasonable
other hand, beyontl = 40, the low excitation description is expected within tHigog, shell are
energies of 2~ states and the measured largenainly theZ ~ 32 nuclei and th&l ~ 50 nuclei.
B(E2) values among low-lying statesfCu and The present inert cor@Ni is soft and single-
Cu indicate an onset of collective effects [3]. Aparticle energies are taken to be .8280,
unified shell-model approach has contributed-8.7087, —78388 and —62617MeV for theps,
critically to detailed understandings andfsy, pys, andggs, orbit, respectively.
guantitative predictions in lighter-mass regions.

Fukui [4] and the USD interactions [5] have beelResults and discussion
shown to be quite successful for theshell and
the sd shell, respectively. The KB3 interaction

and its descendants [6,5] have been frequent > I .
roperties namely the excitation energies of

used also for thef shell but such an approach di . lectri 4 |
has been missing for the nuclei in the upper paﬁorrespon ing J states, electric quadrupole
moments and magnetic dipole moments are

of pf shell. gf‘elfg‘,!%g%g@ for SBEOSLE284 " 638Gy and
R A n isotopes. These results are
The effective interaction compared with experimental data. The calculated
To study the nuclei in the upppfshell, an excitation energies along with experimental data
effective interaction is used in the model spactor some of the Ni and Zn isotopes stated above
consisting of four spherical orbits, namely theare shown in Table 1 while electric quadrupole
single-particle orbit9sp, fs, Py, @andge,. The moments are shown in Table 2. In Table 3, the
model space is calledpgy shell. Thefspgy magnetic dipole moments are presented. The
model space has been adopted in severahlculation for all above stated isotopes along
investigations. Xi and Wildenthal [7] developedwith Cu will be presented in the symposium.
an empirical effective interaction for tie= 50
isotones. Lisetskigt al. have proposed effective

Using the above single particle energies
d fspg interaction, the spectroscopic



Table 1- The experimentally observed andwheregs and g, are the spin and the orbitgl
theoretically calculated values of excitationfactors, respectively. By using the free-nucleon
energies (B of **®%*Nj and®*®*®Zn isotopes ~ factorsgs = 5586, g, = 1, for protons andjs =
-3.826, g = 0 for neutrons, the agreement

Nuclei | J* Ex(Mev) between calculationgu,) and experimentuty,)

— _ Calcu. | Exp.[9] appears to be reasonable. The small deviations
Ni 2 1.298 | 1.454 present using free nucleon g factors disappear

ONi 2" 1634 | 1.333 almost when we use effective sgjfactors,

BINi 3/2 | 0.080 | 0.000 g(eff.)s= 0.7g(freeks..

571 > 10943 | 0.992 Here, the *“guenching” factorgs = 07 is

57 7 1104 | 1.077 deterr_nined via a least squares fit to the

97 977 1 0.000 | 0.439 g)ﬁgsvrrl]r.nental data [10]. In column fgq, are

Table 2- Comparison of quadrupole momentsconclusion

(Q) of *3°8Nj and®*85%n isotopes
. ,, To summarize, we have calculated the
Nuclel | J 8uadruooQIe momer(g (el[:g] spectroscopic properties 0160616204 8355y
L 2 ep and®364556889.% isotopes ifspg model space.

58N\ 1; +
GCH! ; 8832 82;3 6061305_)6 Complete results will be presented in the
! = - -03(5) symposium.

INi 3/2 | 0.049 | 0.107 | 0.16(15)
®1Zn 2" -0.246 | -0.343| -0.32(6
%zn |2 -0010 | 0.034] 01i(z] Heierences

557n 9/Z | -0.276 | -0.432| -0.45(7) [1] J. Hakala, et al, Phys. Rev. Lett.101,
052502 (2008).

Table 3- Comparison of magnetic momentgY [2] H. Iwasaki, et al, Phys. Rev. C78,

of *8608Ni and®*®¥%Zn isotopes 021304(R) (2008).
. — - [3] I. Stefanescuet al., Phys. Rev. @9, 034319
Nuclel | J M agnetic moment (un) (2009); ibid Phys. Rev.Let100, 112502 (2008).
Mith Mesith | Pexp [9] [4] T. Fukui, et al, Phys. Rev. (98, 044305

ENi 2" -0.703 | -0.492 0.076(18) | (2018).
Ni 2 -0.271 | -0.189| 0.32(6) | [5] A. Kingan, et al, Phys. Rev. 36, 064302
*INi 3/2 |-1.308 | -0.916| -0.75(4)| (2017).
®1Zn 2 0.842 | 0.804 | 0.89(6) | [6] B. Bally, et al, arXiv: 1907.05493v1(nucl-
®Zn 2" 1.229 | 1.078 | 0.87(10)| th)(2019).
*Zn 9/2 |-1.693 | -1.157| 1.157(2)| [7] Xiangdong Ji and B. H. Wildenthal, Phys.
Rev. C37, 1256 (1988)40, 389 (1989).

In Table 2,Q, and Q, correspond to two [8] A. F. Lisetskiy, B. A. Brown, M. Horoi, and
different choices of the effective charges; &) H. Grawe, Phys. Rev. @, 044314 (2004).
= (15,0.5) and (15,1.1), respectively. It is seen [9] ] N. J. Stone, At. Data Nucl. Data Tabl@
that that the latter choice gives a better5(2005).
description for most of the data points and thdfl0] M. Honma,et al, Phys. Rev. &0, 064323
the deviation between theory and experiment i§2009).
large for those cases where the experimental
error bar is large. The shell-model results for NAcknowledgment
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the magnetic moment operator used is

H=0ss+ gl




