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Shell-Model Explanation on Some Newly Discovered Isomers

YUAN Cenxi, LIU Menglan, GE Yulin

(Sino-French Institute of Nuclear Engineering and Technology,
Sun Yat-Sen University, Zhuhai 519082, Guangdong, China)

Abstract: Recently, isomeric states are discovered for the first time in '9lIn, ?312°Ag and ?'®Pa. The
nuclear shell model is used to explain the underlying physics in these and related isomers in In, Ag iso-
topes, and the N =127 isotones. The observed excitation energies of the 1/2~ isomeric states in odd-A In
isotopes, 101'109111, are rather similar among five isotopes, which can be explained by introducing the
strong neutron configuration mixing between the 0g;» and 1ds,» orbitals. In addition, from the 9/2%
ground state to the 1/27 isomeric state in these odd-A In isotopes, a proton moves from the 1p;,, orbital
to the 0gy/» orbital, which may induce the change on the single particle energies of the neutron 0Og,/» and
1ds,, orbitals. Such configuration dependent shell evolution in one nucleus is called the type II shell evolu-
tion. Similar to In isotopes, the isomeric states in 123’125Ag are found to be the 1/2~ states, which corres-
pond to a proton hole in 1p;,, orbital. But 1/27 states are ground states in 115’117Ag, which indicates an
inversion of the proton 1p;,» and 0gy,» orbitals around N =72. The shell-model analysis shows that the
tensor force is the key reason of the inversion of the two orbitals. A 1- ground state and a high spin iso-
meric state are observed previously along the odd-odd N =127 isotones, 210Bi, 212At, 214Fr, and 210Ac.
However, the ground state and the newly discovered isomeric state of 218py are suggested to be 8~ and 1-,
respectively, based on the properties of a decay and the shell-model calculations. The evolution of the
ground states and isomeric states along the odd-odd N =127 isotones are caused by the transition of the
proton-neutron interaction from particle-particle type to hole-particle type and the proton configuration
mixing. In general, the nuclear shell model gives nice descriptions on these newly discovered isomeric
states in nuclei around the doubly magic nuclei 1OOSn, 132Sn, and 2%8Pb. The isomeric states in nuclei
around doubly magic nuclei, so called the shell-model isomers, are of high importance in the nuclear struc-
ture study, because they often provide the first spectroscopic properties in the extreme neutron-rich and
neutron-deficient nuclei in the medium and heavy mass region and include a plenty of information in
physics, such as the proton-neutron interaction and its role in shell evolution.
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1 Introduction

Isomeric states are of great importance for nucle-
ar structure investigations. For example, the isomeric
states in nuclei around doubly magic nuclei, so called
the shell-model isomers, often provide the first spec-
troscopic properties in the extreme neutron-rich and
neutron-deficient nuclei in the medium and heavy
mass region and include a plenty of information, such
as the proton-neutron interaction and its role in shell
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evolution. Recent years, many isomeric states are
newly discovered in extreme neutron-rich and neutron-
deficient nuclei around doubly magic, 100gy, 1328y,
and 2%Pb. Because of relatively long half-lives, the
properties of the isomeric states are easier to be ob-
served and provide the first spectroscopic properties.
Just in the year of 2019, discoveries on isomeric states

101, (1] 123,125 5 [2] 1347, (3]

are firstly reported in and

218p 4]

Fruitful discussions are made on the underlying
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physics behind the observed isomeric states. The
strong neutron configuration mixing between the 0gz />
and 1ds,, orbitals is introduced to explain the similar-
ity among the excitation energies of the newly ob-
served 1/27 isomeric states in 1910 and those in odd-

103-1097, 1] A six-nucleon noncollective

A In isotopes,
isomeric state is found beyond a chiral-like pair band
of 120705, Many isomeric states are found in '??I and
the corresponding configurations are identified by
comparing with the calculations(®. The evolution of
the isomeric states from "7Ag to 23Ag is found to be
caused by the tensor part of the nuclear interaction!?).
The isomeric state in **In is suggested to be 5] pe-
cause its decay energy and reduced transition rate are
close to the previous shell-model prediction on a 5~
isomeric statel”). Based on the observations and shell-
model calculations, the spin and parity of the ground
states and the isomeric states are suggested to be in-
verted from 2%Ac to 2'®Pa due to the proton-neutron
interaction and the proton configuration mixingw.

In the present work, the nuclear shell model is
used to provide more detailed investigations on the
newly discovered isomeric states in 101y | 123’125Ag,
and 218Pa, including Type I and II shell evolution and
configuration mixing. A brief introduction is presen-
ted in Section 2 on the shell model and Hamiltonians
used to investigate these isomeric states. The isomer-
ic states in 101In, 123’125Ag, and 2'8Pa are discussed in
Sections 3, 4, 5, respectively. The present work is con-
cluded in Section 6.

2 Nuclear shell model and hamiltonians

The nuclear shell model solves the many body
Schrodinger equations with the full considerations of
the configuration mixing in a truncated model space.
It provides nice descriptions on the spectroscopic
properties of the atomic nuclei, such as the binding
energies (relative to the core), the levels, the electro-
magnetic properties, the [ transitions, and the spec-
troscopic factors. Because the shell model is imple-
mented in a truncated model space, it is of great im-
portance to choose a proper model space and the cor-
responding Hamiltonian. During decades, a lot of shell
model Hamiltonians are suggested for many model
spaces. For example, the USD family provides the
wonderful Hamiltonians for the sd region. But if the
mirror nuclei are considered, the modified USD fam-
ily with the weakly bound effect should be used to de-
scribe the mirror energy differences in the nuclei
around A:20[8], which further explain the recent ob-

servations on the decay properties of 2281[9], 26P[lo],

and 27g11-12]

The phenomenological nuclear force, the mono-
pole based universal interaction Vi [13] plus the M3Y
spin-orbit interaction!'l
teraction for the psd region[15], the 132Sn regionm,
and the 208ppli6l region. The psd Hamiltonian,
YSOX, provides nice descriptions on the levels and
the spectroscopic properties of 11Be[lﬂ, the cross-shell
components in 12Be[lgflg]7 the levels and the trans-
ition rates of 140[20], and the spectroscopic factors of
C isotopesm*m
region of ¥2Sn, jj46Y16, predicted an isomeric state in
134In, which is found in a recent work in RIKEND!.

Encouraged by the nice performance of Vi plus
the M3Y spin-orbit interaction, it is possible to use it
not only as the cross-shell interaction, but also as the
full parts of the Hamiltonian. It is found in the previ-
ous works that one central part of Vyy, C10 with T,
S =1, 0, should be enhanced by 15% for the proton-
proton interaction and 5% for the neutron-neutron in-
teraction* 24, The original Vi plus the M3Y spin-
orbit interaction with the modified proton-proton and
used to calculate the
Hamiltonian for investigations of MIn, 123125A¢ and
nearby nuclei, while the one for 1011 has been slightly
modified. The model space for investigating 1011y and
1231250 ¢ includes the proton 0fsj2s 1psj2, 1pije,
0gy/> orbitals and the neutron 0g;/2, 1ds/2, 1ds2,
2512, Ohqy1/o orbitals.

The isomeric states of 2®Pa and the N =127 iso-
topes are  examined  through the KHPE
Hamiltonian!“?, which is based on the Kuo-Herling in-
teraction 26727l KHPE is recently used to identify the
spin and parity of the ground state of *23Np. The
model space includes the proton Ohg/s, 1f7/2, 1fs5/2,
2p3/2, 2p1j2, 01132 orbitals and the neutron 0iy2,
1992, 1g7/2, 2ds/a, 2ds/2, 3512, 0jis/2 orbitals. All
the shell-model calculations are performed through the
code KSHELLE8!. Tt should be noted that all calcula-
tions in the present work do not take into account the
uncertainty of the shell-model Hamiltonians. Some un-
certainty analyses are performed for the liquid drop
model29730], Although there are some analyses on the
shell-model uncertaintypg’ 31}, they are still prelimin-
ary and need further investigations.

3 IOIIn

, is used as the cross shell in-

. The Hamiltonian for the southeast

neutron-neutron parts is

[25]

Recently, an isomeric 1/27 state in 1011 §s ob-
served!!). Compared through the previously observed
data, the excitation energies of the isomeric 1/27
states in odd- A isotopes, 101-1091n’ are close to each
other. For the 191991y isotopes, the 9/2% ground
state corresponds to a proton hole in the 0gy/» orbit-
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al, while the 1/2~ isomeric state corresponds to a pro-
ton hole in the 1p,,, orbital. From the single particle
states of 18n, Tt is found that the neutron 0g7/2 and
1ds;» orbitals locate just beyond the N =50 magic
number, while the other three orbitals, 1ds/s, 251/,
and 0hq1/» locate much higher[‘g?]. The excitation en-
ergies of isomeric 1/27 states in odd- A isotopes re-
flect the proton Z =40 subshell evolution as the func-
tion of neutron numbers.

It should be noted that the shell evolution is gen-
erally induced by the proton-neutron interactions. As
discussed in Ref. [13], the j =1+ 1/2 neutron gener-
ally attracts the j' =10'F1/2 proton more than the
j" =1"4+1/2 proton, where j, j', j” are the total
angular momentum of certain orbitals and [, ', [”
are orbital angular momentum of certain orbitals. For
example, the 1ds;» (0g;/2) neutron attracts the 1p;
(0goy2) proton more than the 0gg/» (1pi/2) proton.
The occupancy of the 1ds, (097/2) neutron increases
(decreases) the Z=40 subshell gap and the excita-
tion energies of the isomeric 1/27 states. Such analys-
is is supported by the shell-model calculation!!). Thus,
the similar excitation energies of the isomeric 1/27
states among the odd- A In isotopes, 101-1097y * are
caused by the strong neutron configuration mixing
between the 0Og,»» and 1ds/,, orbitals. The neutrons
occupy both these two orbitals with the increasing
neutron number, which changes little on the Z=40
subshell gap.

On the other hand, the change of the proton con-
figuration can induce the neutron shell evolution. A
schematic picture is presented in Fig. 1 for the type II
shell evolution in '9'In. The two neutrons above the
N =50 shell are schematically presented for simpli-
city because they have strong configuration mixing
between the 0g;» and 1ds,, orbitals. The 1p,,
(0go/2) proton attracts the 1ds/» (0gr7/2) neutron more
than the 0g;» (1ds/2) neutron. From the 9/2F
ground state to the 1/2~ isomeric state in odd-A4 In
isotopes, a proton moves from the 1p,,, orbital to the
0go/> orbital. One more proton on the 0gy,, orbital
decreases the shell gap between the neutron 0g7/,» and
1ds, orbitals, while one less proton on the 1p,,, or-
bital has a similar effect. Due to the proton-neutron
interactions among four orbitals, it is thus expected
that the shell gap between the neutron 0g7;, and
1ds,» orbitals can change a lot or even invert from the
9/2% ground state to the 1/27 isomeric state in the
odd- A In isotopes. The shell-model calculations show
that the neutrons occupy more on the 1ds,, orbital in
the 9/2% ground state but more on the 0g;/,, orbital
in the 1/2~ isomeric statel!]. From the calculated ef-

fective single particle energies (ESPE) of 99-1051n | the
Og7/2 orbital locates higher than the 1ds,, orbital in
the 9/2% ground state and lower in the 1/27 isomer-
ic statelll. Tt is called type I shell evolution that the
proton (neutron) shell evolves as the function of the
neutron (proton) number. The proton (neutron) shell
evolution in different states with different configura-
tions in one nuclei is called type II shell evolution,
which is suggested in 9®Ni firstly[?’?’]
some neutron-rich even-even and odd-odd nuclei, such
as 297141 and 70Col*). The discovery of isomeric
state in '°'In and the corresponding analysis on the
possible type II shell evolution in a odd- A neutron-
deficient nucleus provide a unique and novel candid-

and identified in

ate for type II shell evolution, of which the inversion
of two neutron orbitals is induced by a single proton
movement.

Protons Neutrons
v0gs,
vlds,
70gy v0gy,
—oes000000— —0000000000— [50]
7lp, vip,
*— *—e [40]
19T 9/2" ground state
Protons Neutrons
vlds,
v0gs,
70gy v0gs),
— OO — ——0-0-0-0-0-0-0-0-00— [50]
Tlpy vipis
. - *—o [40]

e 101[n 1/2" isomeric state

Fig. 1  (color online)Schematic configurations for 9/2+

ground state and 1/2~ isomeric state of 101y,

Following above analysis, the excitation energies
of the isomeric states in the odd- A In isotopes are
rather sensitive to the proton-neutron interaction. As
shown in Fig. 2, the monopole term between the pro-
ton  0go/2 orbital
strongly affects the excitation energies of the isomeric
states in the odd- A In isotopes with increasing neut-
ron number. Only a 0.025 MeV change on this mono-
pole results a change more than 0.5 MeV on the ex-
citation energy of the isomeric state in 131 when
that in '%n is fixed. The flat energies from 1011 to
1091 are induced by the balance of four proton-neut-
ron interactions among the proton 1p,,», Ogg/e orbit-
als and the neutron 0Og;2, 1ds,» orbitals. The
Hamiltonian discussed in Section 2 can not exactly de-
scribe the balance. The mentioned monopole term

orbital and the neutron 0gz/,
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between the 0gy,» proton and the 0g7, neutron is
modified to be 0.475 MeV more attractive, where the
relative single particle energy between the proton
1p:1/2 and the Ogy,» are fitted to reproduce the excita-
tion energy of the isomeric state in 101y, Although it
is difficult to judge which term of the proton-neutron
interaction should be modified based on the present
observables, the preset work provides a possible modi-
fication to reproduce the observed data and shows the
sensitivity between the interaction and the levels.

1.0 T T T T T T T T
> 0.8 h
=
g 0.6 h
s
T\ 04l X Expt. i
a T Zop—75,—0.450 MeV
= —— 8oy 790475 MeV

02 — 8o 75, 0.500MeV b

99IIn lollln IO}IIn IOSIIn IU;In Io‘)lln llllln II}IIn
Fig. 2 (color online)The excitation energies of the iso-

meric states in the odd-A In isotopes, 91-113In.
The proton-neutron interaction between the pro-
ton 0Ogg/p orbital and the neutron 0gr/, orbital is
modified to be 0.450, 0.475, and 0.500MeV more
attractive, respectively, than the Hamiltonian de-
scribed in Section 2.

4 1231254,

Nuclei around the 32Sn region are of great in-
terest because of their importance in both the fission
products and the r-process. Recently, the level of
140 [36] g analysed based on the 5 decay of 1407(37]
through the EURICA collaboration. As discussed in
Ref. [2], the ground states and the isomeric states are
9/2% and 1/27, respectively, in the odd-A Ag iso-
topes, 99'103Ag. But for the odd- A Ag isotopes, 105-
117Ag, inversions are found while the ground states
and the isomeric states become 1/27 and 9/27%, re-
spectively. Similar to the discussions in the odd- A In
isotopes, the 9/2% and 1/2~ states correspond to pro-
ton holes in 0Oge,, and 1p;,, orbitals, respectively.
But the situation is more complicated in the Ag iso-
topes because of their three proton holes rather than
the one proton hole in the In isotopes. The spin-parit-
ies of the ground states and the isomeric states with
their energy differences reflect the size of the Z=40
subshell gap in the odd- A Ag isotopes. The Z=40
subshell exists in %*1%3Ag because of the 9/2% ground
states and the 1/2~ isomeric states. The Z=40 sub-
shell disappears with the almost degenerate 1/2~

ground states and 9/2% isomeric states in 105-H7 7 g

It should be noted that it is difficult to identify the
Z =40 subshell gap purely from the 9/2% and 1/2
states because the 9/2% state can be obtained by
both the proton (0gg/2)~ and (0gg2) " (1p1/2) "> con-
figurations, while the proton firstly occupy the 1pis
orbital in the former case and the Ogq/» orbital in the
latter case. Both from the observed data and the shell-
model calculations, the odd-A Ag isotopes always
have a rather low lying or even ground 7/2% states,
which can not be coupled by the proton
(0gg/2)~*(1p1j2)~? configuration. It is thus concluded
that the 9/2% and the 1/27 states in odd-A Ag iso-
topes are dominated by the (0go2)™® and the
(0gg/2)~*(1p1j2)~" configurations, respectively. The
(0gg/2)~? configuration becomes more favourable when
the Z=40 subshell exists. The (0gy/2) *(1p1/2)~"
configuration becomes more favourable when the
Z =40 subshell disappears.

It is of great interest to know whether the Z=40
subshell exists or not in the neutron-rich odd-A Ag
isotopes, such as 123’125Ag. The answer is found that
the isomeric states in 123’125Ag are discovered to be
1/2= states but with
energies[2]. The Z=40 subshell recovers with a small
shell gap in 12312°Ag. An inversion between the 1p, /2
and 0Ogy/» orbitals is found from HTAg to 123Ag. A
schematic picture of the shell evolution is presented in
Fig. 3 for comparison between 117Ag and 123Ag. The
shell-model calculations with the Hamiltonian dis-
cussed in Section 2 well reproduce the levels of
123’125Ag[2]. ESPE are calculated with and without the
tensor interaction to further investigate which part of

rather small excitation

Protons Neutrons
vld,,
VOh,
Tlpin
® =
000000 00:s
70gy,,

""Ag 1/2” ground state

Protons Neutrons
vldsy,
————0-0-0-0-0-0-0-0——

vOhy

70g,),

—880006 00—
zlpy,
123Ag 9/2* ground state

Fig. 3  (color online)Schematic configurations for 1/2~
and 9/2% ground states of 7Ag and 123Ag7

resepctively.
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the nuclear interaction contributes to the inversion of
the proton 1p;,, and 0Ogg/» orbitals around N=72. It
is found that the 1p;,, orbital locates always below
0gy/> orbital without the tensor interaction, while
with the tensor interaction it locates above 0gq,» or-
bital around N =68 and below 0gg/,, orbital around
N =76. The tensor interaction is the key reason to
explain the inversion of the two orbitals around
N=T72.

As mentioned in Section 3, the j =1+ 1/2 neut-
ron generally attracts the j/=1"F1/2 proton more
than the j” =1" +1/2 proton. The 0hy;/» neutron at-
tracts more the 1p,,, proton rather than the 0gg/
proton. From 117Ag to 123Ag, the neutrons mainly oc-
cupy the Ohqi/» orbital, which is the reason for the re-
covery of the Z=40 subshell. As observed and dis-
cussed in Ref. [2], the Z=40 subshell recovers with a
small shell gap, which is because of the neutron con-
figuration mixing between the Ohii/> and 1dzs» orbit-
als. The occupancy of the neutron 1dz,, orbital has an
opposite effect on the Z =40 subshell gap to that of
the neutron 0Oh,;/> orbital. From 117Ag to 12?’Ag, the
neutrons mainly occupy the 0hqi/, orbital but with
certain mixing occupancy on the 1ds,, orbital, which
explains the recovery of the small Z=40 subshell
gap.

It is worth using the present Hamiltonian for the
further investigations on the astrophysical interested
N =82 isotones because of its nice description on
12312500 Fig. 4 presents the low lying levels of the
even N =82 isotones from P°Cd to ?°Sr. It is clearly
seen that the excitation energies of the 2+, 4+, 6T,
8T, 4-, and 5~ states increase as the proton number
decreases, while those of the 0 states decrease from
130¢d to 1227r. If only the proton 1pi/o and Ogg o or-
bitals are considered, the 2+, 4+, 67, and 8" states
can only be coupled by the even protons on the 0gg/o
orbital and the 4— and 5~ states can only be coupled
by the odd protons on the 0gy,» orbital and the single
proton on the 1p,,, orbital. The ground state and the
05 state are from different configuration mixing
between the proton pairs on these two orbitals. The
results in Fig. 4 show that the protons favour to
couple to pairs with zero angular momentum. Actu-
ally, the protons also remove from the 1p;,, orbital
and even the 0fs/,» orbital from 1300qd to 129Sr. The
proton 1p;,, and Oge,, orbitals still have consider-
able occupancies of 0.678 and 2.251 in the ground
state of '20Sr, respectively. The Z=38 and 40 sub-
shell gaps are not kept in the extreme neutron rich
N =82 isotones, such as '?Zr and 12OSr, based on the
present study.

4 T T T T T T
3F / b
o
E P
Z2r—g .
g /
Ty %
1 - -
0 1 1 1 1 1 1

130Cd 123pdq 126Ry 124Mo 122774 120§

(color online)Observed (points) and calculated
gines) levels of the even N=82 isotones from
30¢d to 1208r.

Fig. 4

5 2181)a

A 1- ground state and a high spin isomeric state
are observed along the odd-odd N =127 isotones,
210B;, 21244, 2Ry and 26752 I these odd-odd
N =127 isotones, both the 1— ground state and the
high spin isomeric state are from the multiplet
coupled by the odd 0Ohg,, protons and the single 1gg/s
neutron. Recently the isomeric state in 2'®Pa is dis-
covered for the first timel¥. Tt is mnot possible to
identify the spin-parity of both the ground state and
the isomeric state due to the limited statistics of the
data. It is very natural to assume that the ground
state is a 1— state and the isomeric state is a high
spin state following the systematics of the other
N =127 isotones.

However, some facts from the observations and
the shell-model calculations show deviations from such
assumptions. Firstly, the excitation energies of the
high spin isomers decrease from 210Bi to 210Ac. The
newly discovered isomeric state in *'®Pa has a larger
excitation energy than that of 2!6Ac, which deviates
from the systematic trend of the odd-odd N =127 iso-
tones!4. Secondly, the shell-model calculations repro-
duce the observed spins and parities of the ground
states and the isomeric states of 21°Bi, 21?At, 2MFr,
and 26Ac but predict a 8 ground state for 2'®Pa.
Following the « decay properties and the shell-model
calculations, the ground state and isomeric state of
218p, are suggested to be 8~ state and 1- state, re-
spectively[4] .

It is worth investigating further the mechanism
which induces the evolution of the ground states and
the isomeric states among N =127 isotones. As shown
in Fig. 5, constrained calculations, of which protons
are constrained with (Ohg/,)" configuration or with
(Ohg/21f7,20i15,2)™ configuration, are performed to
identify the important configurations for the evolu-
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tion. Along the N =127 isotones from 2''Bi to *!®Pa,
the increasing protons mainly occupy the Ohg,» orbit-
al. However, if only the Ohg,» protons are included in
the model space while the other proton orbitals are
excluded, it is found from Fig. 5 that the excitation
energies of the high spin isomer decrease very quickly
and become the ground state in 24P It should be
noted that KHPE interaction fixed the proton-neut-
ron interaction to reproduce the multiplet in 2''Bi,
while the evolution from 2!“Bi should be investigated.
From 2Bi to 2'8Pa, the proton-neutron particle-
particle interaction in the (Ohg/s)'(1ge/2)" configura-
tion changes to the proton-neutron hole-particle inter-
action in the (Ohg/2) '(1gg/2)" configuration when the

protons only occupy the Ohg/, orbital. The transition
from the particle-particle interaction to the hole-
particle interaction drives the decreasing energy
between the high spin 8~ state and the 1- state but
much more quickly than the observations. If the Ohg,,
1f7/2, and 0iy3,, orbitals are included in the model
space, the calculated results are rather close to the
calculations with the full model space. From 210B; to
218Pa, the protons occupy not only the Ohg,, orbital
but also the 1f7,, and 03,2 orbitals. The protons on
the 1f;,, and 0iy5,, orbitals generally couple to pairs
which contribute little on the spin but some on the
energy.
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Fig. 5
218Pa.

6 Conclusion

In summary, the newly discovered isomeric states
in 101111, 123’125Ag, and 218Pa are well reproduced by
the shell-model calculations, which provides a nice
basis to investigate the underlying physics in these
isomeric states.

The neutron configuration mixing is introduced
to explain the similar excitation energies of the iso-
meric states in the odd- A In isotopes, 101-1091), - The
type II shell evolution is suggested for these isotopes
that the relative positions between neutron 1ds,, and
0g7/» orbitals are different in the ground 9/2% states
and the isomeric 1/27 states in these In isotopes. The
shell-model calculations also show strong sensitivity
between the proton-neutron interaction and the excit-
ation energies of the isomeric states.
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J
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J
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(color online)Observed (points) and calculated (lines) levels of the odd-odd N=127 isotones from 2!"Bi to

The newly discovered isomeric states in 123’125Ag

indicate the recovery of the Z=40 subshell. The
tensor interaction is found to be the key components
in the nuclear interaction to reproduce the Z=40
subshell evolution from ''"Ag to '*®Ag. Based on the
nice description on 1237125Ag, the same Hamiltonian is
used to investigate the levels of the N =82 isotones.
The Z=38 and 40 subshell are found to be not kept
in the extreme neutron-rich N =82 isotones.

Based on the observed « decay properties and
the shell-model calculations, the ground state and the
newly discovered isomeric state of 2'®Pa are sugges-
ted to be the 8 and 1- states, respectively, which
differ from the previous observed odd-odd N =127
isotones 219Bi to 2!6Ac with the ground 1- states and
the high spin isomeric states. The transition of the
proton-neutron interaction from the particle-particle
type to the hole-particle type is found to be the key
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interaction contributed to the rapid evolution between
the ground states and the isomeric states in the odd-
odd N =127 isotones. The configuration mixing from
the other two proton orbitals, 1f7,, and 0iy3/5, slows
the evolution and reproduces well the observed data.

It is expected that Vi plus the M3Y spin-orbit
interaction can provide a universal interaction for the
nuclear structure study, which are preliminarily in-
vestigated in the present work and Refs. [23—24]. It is
more reliable to perform the shell-model calculations
based on one effective interaction, while the Gogny in-
teraction is also a potential onel38739],
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