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Fig. 1. Neutron pairing gaps in Ni isotopes calculated by us-
ing SGII, SLy5, and SkM* interactions, and compared with

the experimental values!“?,
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Table 1. Quasi-particle energies ( Eqp. in MeV), occupation probabilities (v? ) of neutron states around the Fermi level
and neutron Fermi energies (A, in MeV) in 64:68,72.76Nj which are calculated by using SGII interaction.
64Ni 63Nj T2Ni 76Ni
States
Eq.p. v? Eq.p. v? Eqp. v2 Eqp v2
1f7/2 7.43 0.98 8.89 0.99 10.47 0.99 11.47 1.00
2p3,2 2.51 0.86 3.60 0.96 5.17 0.98 6.20 0.99
1f5 /2 1.95 0.55 2.66 0.89 4.34 0.95 5.48 0.98
2p1/2 1.70 0.47 2.04 0.86 3.53 0.95 4.57 0.99
1gg/2 4.30 0.05 2.59 0.12 1.84 0.44 1.68 0.80
2d5 /2 8.45 0.00 6.65 0.01 4.91 0.01 3.61 0.01
An -9.34 -7.98 —6.66 —5.84

032101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 3 (2025) 032101

PEMER Y SGIT AT REEAFML, IHRLRAAL
LAY BE R T A e a4

3.2 SRR RHER TR MR A SIER

2 JBoR T AR BB R R B R P A
—A~ 2V TR R R ER R R R S B A X
Fb. KB =F Skyrme HEAEHTF HIHE—A 277
(RO RE VR 15 TS B, R BEAS [ ] st
B BE T E A A2 Ak #a . AR TR] Skyrme AHH.
YRR TS (A AR 2200, AR P22 I F K
ZHUREFRZAB LR /N, Xt T R BRAE SR E, ANTR] Y
Skyrme #H HAE FH 245 H B BEIS (EAE 55 02N 2 7 [
RN AE 64 80Ni 25 55 Lh &/, SGIT Y SLy5 A Lk
T SKM*RE B -1 P I S B0 A AR AL ka3, Je 2
SGIT ZH LA RE TR PR 55 08N A SL R 25 1. %o F i
HHOKT 68 A%, HAT TONi Il TAINI A LI A5 R
HIHHBERK. 456 Likabr, 55— 278k
AE LA K HA, 1 IR 3 530 E %) BRI &5 AR TR )
Skyrme A HAEH]. X =F Skyrme A1 H /EH 45
HATHRE, SGIT 25 Bk I 5 S0 HfF 515
U TR LL SGIT 45 5 R AT 23 B

EzY/Mev
S = N W e O

e\

- Exp.
- SGII

b
0.10 -( )
-A- SLy5
SkM*
0.05 s
0 . . . . . .
56 60 64 68 72 76 80
A

B(E2)/(e*b?)

2 (a) FIJHI SGII, SLy5 1 SkM*AH 115 3153 14 85 [ 137
FEEE T RS — A 2P R RS LR E M XT EL; (b) X
N B FEL R R 56 B 5 SIS 1 A X L. S KA B 1) SOk [46)
Fig. 2. (a) Energies of the first 2* state in Ni isotopes ob-
tained by using SGII, SLy5, and SkM* interactions, and
compared with the experimental data; (b) corresponding
electromagnetic transition strengths. The experimental data
is taken from Ref. [46].
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Fig. 3. Isoscalar quadrupole strength distributions in Ni iso-
topes: (a) 90768Ni; (b) 70=78Ni. The SGII interaction is

employed in the calculations.
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Fig. 4. Transition strength for the low-energy region in Ni
isotopes. The SGII interaction is employed in the calcula-

tions.
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pole states in The SGII interaction is employed

in the calculations.
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Abstract

This work mainly investigates the properties of the low-energy quadrupole strength in Ni isotopes,
especially the evolution of the pygmy quadrupole states with the increase of neutron number. And the effect of
shell evolution on the pygmy resonance is also discussed in detail. Based on the Skyrme Hartree-Fock+Bardeen-
Cooper-Schrieffer (HF+BCS) theory and the self-consistent quasiparticle random phase approximation (RPA)
method, the evolution in the nickel isotope chain with the increase of neutron number is studied. And in the
calculations, three effective Skyrme interactions, namely SGII, SLy5 and SKM*, and a density-dependent zero-
range type force are adopted. The properties of the first 2™ state in Ni isotopes are studied. A good description
on the experimental excited energies of the first 2+ states are achieved, and the SGII and SLy5 can well describe
the reduced electric transition probabilities for *7®¥Ni. It is found that the energy value of the first 2* state for
5Ni and "®Ni are obviously high than those of other nuclei, reflecting the obvious shell effect. In addition to
the first 2% states, pygmy quadrupole states between 3 MeV and 5 MeV with relatively large electric transition

probabilities are evidently found for 7077°Ni

in the isoscalar quadruple strength distribution. The pygmy
quadrupole states have the energy values decreasing with the number of neutrons increasing, but their strengths
increase gradually. Therefore, they are more sensitive to the change in the shell structure. This is due to the
fact that the gradual filling of the neutron level 1gg,» has a significant effect on the pygmy quadrupole states of
70-76Ni, and it leads to switching from proton-dominated excitations to neutron-dominated ones. The pygmy
quadrupole states for "°"7°Ni are sensitive to the proton and neutron shell gaps, so they can provide the

information about the shell evolution in neutron-rich nuclei.
Keywords: Skyrme energy density functional, pygmy quadrupole resonance, shell structure
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