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Background: The N = 80 isotones offer an important opportunity for studying nuclear structure
evolution and the interplay between single-particle motion and collective behavior near the N = 82

shell closure. Although the nuclear shell model is a powerful and predictive framework, progress for
the open-shell nuclei has been limited by the rapidly increasing configuration-space dimensions and
the lack of a reliable effective interaction.

Purpose: To construct a feasible shell-model Hamiltonian capable of describing the N = 80 even-
even isotonic chain with Z = 50-74, and to investigate their underlying low-lying configurations.

Methods: Full-configuration-interaction shell-model calculations are performed in a model space
that includes the proton and neutron orbitals 0g7/2, 1d5/2, 1d3/2, 2s1/2, and 0h11/2. The effective
interaction is derived by optimizing the monopole and multipole components of the realistic interac-
tions, reducing the number of independent parameters to eight via the principal component analysis
approach. Further analysis is carried out using the nucleon-pair approximation of the shell model.

Results: The calculation reproduces excitation energies and electromagnetic properties for known
N = 80 isotones and provides predictions for 150Yb, 152Hf, and 154W near the proton drip line,
including a level inversion between the yrast 18+ and 20+ states in 154W. It further reveals a
systematic evolution of the low-lying structures with increasing proton number.

Conclusions: The N = 80 isotones exhibit coexistence of multiple configurations: the
yrast 0+-4+ states are (generalized-)seniority-dominated for lower-Z nuclei, becoming increasingly
vibrational-like with growing valence proton number, while the yrast 6+-10+ states undergo tran-
sitions among neutron seniority-2, proton seniority-2, and proton-neutron coupled configurations
along the isotonic chain, driven by proton-neutron interactions and the evolution of the proton
Fermi surface. The analysis of the predicted level inversion in 154W highlights the essential role of
the isoscalar spin-aligned proton-neutron correlation.

I. INTRODUCTION

A central challenge in nuclear physics is to under-

stand how low-lying excitations and emerging collectiv-

ity evolve as nuclei move away from closed shells. In

the region between the magic numbers 50 and 82, where

both valence protons and neutrons occupy the same ma-

jor shell, extensive experimental and theoretical studies

have been carried out to probe such evolution [1–14].

The interplay between single-particle and collective de-

grees of freedom in this region, involving proton and neu-

tron g7dsh11 orbitals (0g7/2, 1d5/2, 1d3/2, 2s1/2, 0h11/2),

serves as an essential mechanism for the transition from

seniority-type structure in semi-magic nuclei to collective

motions in open-shell nuclei.

∗Electronic address: gjfu@tongji.edu.cn

In particular, experimental investigations of very

neutron-deficient nuclei near the N = 82 shell clo-

sure have advanced considerably. Recent achieve-

ments include the high-precision mass measurement of
151
70Yb81 [15], the first spectroscopy of 150

70Yb80 [16], and

the discovery of a new isotope 156
74W82 [17, 18]. These

studies, together with measurements of lifetimes, elec-

tromagnetic properties, and level schemes in neighboring

nuclei, have revealed nuclear structure evolution as the

proton number increases beyond the Z = 64 subshell

closure. They also confirm the robustness of the N = 82

shell closure near or beyond the proton drip line [15–17].

Reliable theoretical studies are important to interpret the

observed phenomena and to provide guidance for further

experimental studies.

Among various theoretical approaches, the full-

configuration-interaction shell model (SM) remains one

of the most powerful tools for describing the struc-

mailto:gjfu@tongji.edu.cn
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ture and decay properties of nuclei [19–23]. System-

atic SM calculations have been successful for the semi-

magic N = 82 isotones [24–28]. However, progress for

the open-shell isotones with N < 82 was limited, owing

to the rapidly increasing dimensions of the configuration

space and the lack of an accurate effective interaction

applicable across a wide range of nuclei in this region.

For the N = 81 odd-mass isotones, previous works in-

clude the SM studies of 133
52Te, 135

54Xe, and 137
56Ba [29],

the phonon-model calculations for 133Te-141Nd [30], and

systematic Hartree-Fock-Bogoliubov calculations of yrast

3/2+, 1/2+, and 11/2− states in 133Te-151Yb [15, 31]. For

the N = 80 even-even isotones, the large-scale SM [32]

and the sampling-truncation calculations [33] have been

carried out for 132Te-140Nd. The nucleon-pair approxi-

mation of the SM [34, 35] extends to 142Sm, but does not

go beyond the Z = 64 subshell closure.

In the present work, we perform large-scale SM cal-

culations for the N = 80 even-even isotonic chain with

Z = 50-74, optimizing the effective interaction using

the principal component analysis (PCA) approach [36–

38]. We systematically investigate low-lying even-parity

states, electric quadrupole transition probabilities, and

magnetic dipole moments. Good agreement with exper-

imental data is achieved. We further analyze the under-

lying structural transitions of the low-lying states and

predict the properties of the very neutron-deficient iso-

tones 150Yb, 152Hf, and 154W.

The paper is organized as follows. Sec. II briefly intro-

duces the model space and the PCA optimization pro-

cedure for the effective interaction. Sec. III presents the

calculation results, including electromagnetic properties,

single-particle states in N = 81 odd-mass isotones, low-

lying spectra in the N = 80 isotones, and a predicted

level-inversion phenomenon in 154W. Finally, Sec. IV

summarizes the results.

II. THEORETICAL FRAMEWORK

For the N = 80 isotonic chain, we consider both va-

lence protons and valence neutrons in the g7dsh11 shell,

including the 0g7/2, 1d5/2, 1d3/2, 2s1/2, and 0h11/2 or-

bitals, taking the doubly magic nucleus 100Sn (N =

Z = 50) as an inert core. The large-scale SM calcula-

tions are performed using the BIGSTICK code [39, 40].

The largest dimension encountered in this work exceeds

7 × 109 for the even-parity states with total magnetic

quantum number M = 0 in 146Dy. The significantly

unbalanced numbers between the valence protons and

the valence neutron holes result in a highly asymmetric

many-body basis, leading to substantial challenges for

large-scale parallel SM solvers using on-the-fly Hamilto-

nian reconstruction [39] such as BIGSTICK.

The SM Hamiltonian consists of proton and neutron

single-particle energies (SPEs), as well as proton-proton,

neutron-neutron, and proton-neutron two-body interac-

tions. The proton SPEs and the proton-proton inter-

action are adopted from the monopole- and multipole-

optimized effective interaction introduced in Refs. [27,

41], which well reproduces low-lying structures in the

N = 82 isotones. This interaction was constructed from

the realistic JJ56PNA interaction [42], with all proton-

proton two-body matrix elements scaled by a factor of

0.82 and further optimized by refining the monopole com-

ponent, the multipole components of ranks 2, 3, and 5,

and the octupole-pairing force. The proton SPEs were

originally determined for calculations with a 132Sn core.

To obtain the proton SPEs appropriate for the framework

based on the 100Sn core, we apply the Pandya transfor-

mation [19, 43]. The neutron SPEs and the neutron-

neutron interaction are taken from a monopole-optimized

Hamiltonian based on the realistic CD-Bonn potential,

which successfully describes low-lying states in the Sn

isotopes [10]. The excitation energies of the yrast 7/2+,

5/2+, 3/2+, 1/2+, and 11/2− states in 133Sb and 131Sn

have been calculated. The results are consistent with the

experimental data, as the proton and neutron SPEs are

primarily based on measured excitation energies. The

calculation predicts an 11/2− ground state in 131Sn ly-

ing 15 keV below the 3/2+ state, whose excitation energy

has not yet been determined experimentally.

The proton-neutron interaction is empirically opti-

mized in this work, also starting from the realistic CD-

Bonn potential used in Ref. [10]. The optimization is

achieved by introducing 14 correction terms that include

monopole and multipole interactions. The correspond-

ing correction coefficients are denoted by ai (i = 1-14).

Among them, 9 isoscalar T = 0 monopole corrections

between the 0g7/2, 1d5/2, 0h11/2 orbitals and the 1d3/2,

2s1/2, 0h11/2 orbitals of the other nucleon type are intro-

duced. In addition, 4 quadrupole-quadrupole terms are

added for different orbital couplings, such as those in-

volving the proton and neutron 0h11/2 orbitals, the 1d3/2,

2s1/2 orbitals coupled with 1d3/2, 2s1/2, 0h11/2 orbitals

of the other nucleon type, the 0g7/2, 1d5/2 orbitals cou-

pled with 0g7/2, 1d5/2, 1d3/2, 2s1/2 orbitals of the other

nucleon type, and the remaining orbital combinations.

Finally, an isoscalar proton-neutron pairing term with

J = 11 is considered.

The coefficients ~a i) are optimized through a least-

i) For convenience, we denote the 14 coefficients ai collectively by

the vector ~a.
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squares fit, combined with a PCA method [36–38] to re-

duce the dimension of the parameter space. The fitting

procedure is as follows. Let N denote the total number

of experimental data points used in the fit. The experi-

mental value of the k-th data point is denoted by yk, and

the corresponding SM result by fk = f(k;~a). Assuming

the parameters are ~a(s) at the s-th iteration, the gradient

~gk(s) is defined by

g
k(s)
i ≡

∂fk

∂ai

∣

∣

∣

∣

~a(s)

. (1)

The standard least-squares solution is obtained by solv-

ing the linear equations

A∆~a = ~b, (2)

where

Aij =

N
∑

k=1

g
k(s)
i g

k(s)
j , (3)

~b =
N
∑

k=1

(yk − fk(s))~gk(s). (4)

Here ∆~a represents the parameter correction at the new

iteration. To implement the PCA, the error matrix D =

A−1 is diagonalized as

diag(d1, d2, . . . , d14) = PDPT , (5)

where the eigenvalues di are arranged in ascending order.

The parameters ~a are then updated using

~a(s+1) = ~a(s) + PT∆~c′, (6)

with

∆c′i =

{

diei, if i 6 q,

0, otherwise,
(7)

where ~e ≡ P~b, and q defines the dimension of the trun-

cated parameter space, i.e., the number of retained prin-

cipal parameters. The above steps are iterated until con-

vergence is reached. Further details of the procedure are

provided in Ref. [28]. Similar parameter-space trunca-

tion techniques have been widely used in optimizations

of SM two-body matrix elements [44–50].

In this work, we truncate the parameter space to q = 8,

meaning that the 14 correction terms are effectively com-

bined to only eight independent degrees of freedom. The

PCA-based optimization is performed using 73 experi-

mental data points of excitation energies, including 55

data for selected yrast and yrare 0+, 2+, 4+, 6+, 8+, and

10+ states in the N = 80 even-even nuclei with Z = 52-

62, 68 [51–57], one data point for the yrast 8+-10+ level

spacing in 150Yb [16], and 17 data for the yrast 1/2+,

3/2+, and 11/2− states in N = 81 odd-mass nuclei with

Z = 52-64, 68, 70 [15, 58–65]. The data for 144
64Gd and

146,147
66 Dy are excluded from the fit to reduce computa-

tional cost due to their large configuration-space dimen-

sions, and the 0+-6+ states of 150Yb are excluded and

left as predictions.

III. RESULTS AND DISCUSSION

In this section, we present our calculation results and

analyze the nuclear structure of the N = 80 isotones.

A. Calculations of electromagnetic properties

The reduced electric-quadrupole transition strength

B(E2) is defined as

B(E2;Ji → Jf ) ≡

1

2Ji + 1

∣

∣

∣
eπ

〈

Jf

∥

∥

∥
Q̂2π

∥

∥

∥
Ji

〉

+ eν

〈

Jf

∥

∥

∥
Q̂2ν

∥

∥

∥
Ji

〉∣

∣

∣

2

,

(8)

where eπ and eν denote the proton and neutron effective

charges, and the quadrupole operator Q̂2 is defined as

Q̂2 = r̂2Ŷ2. (9)

〈Jf ||Q̂2||Ji〉 represents the reduced matrix element in the

Edmonds convention.

Fig. 1(a) provides a global comparison of B(E2) tran-

sition strengths in the N = 80 isotones between the SM

results and 26 experimental values listed in Table I in

the Appendix. When using effective charges eπ = 1.5e

and eν = 1.1e, most points align along the diagonal in

the figure, indicating overall agreement with experiment.

In contrast, the calculation with the standard effective

charges eπ = 1.5e and eν = 0.5e show relatively larger

deviations from the data. Previous SM studies have sim-

ilarly suggested that a neutron effective charge larger

than 0.8e is required in reproducing the B(E2) transi-

tion strengths in Sn and Te isotopes as well as in several

N = 81 odd-mass nuclei [10, 11, 29], while the standard

proton effective charge is good to reproduce the B(E2)

transition strengths in N = 82 isotones [28].

There are, however, seven data points for which the

SM result noticeably deviates from experiment. Three of

them, marked as group A in Fig. 1(a), correspond to the

2+2 → 0+1 transitions in 134Xe, 136Ba, and 138Ce, where

the experimental B(E2) values are 0.74(5) W.u., 0.89(25)

W.u., and 1.15(4) W.u., respectively, while the calculated

values are 3.05 W.u., 5.28 W.u., and 5.66 W.u. The

fourth point, marked as B, corresponds to the 6+1 → 4+2
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FIG. 1: (a) Comparison of experimental [16, 51–57, 66–69]
and SM B(E2) values for the N = 80 isotones. The dotted
line denotes the equivalence of calculation and experiment.
Seven data points deviate noticeably from this line: three
points marked as group A correspond to the 2+2 → 0+1 transi-
tions in 134Xe, 136Ba, and 138Ce; the point marked as B corre-
sponds to the 6+1 → 4+2 transition in 138Ce; the point marked
as C corresponds to the 6+1 → 4+1 transition in 138Ce; and
the points marked as D and E correspond to the 10+1 → 8+1
transitions in 148Er and 150Yb, respectively. (b) Comparison
of experimental [52–55, 58, 67] and calculated g-factors for
the N = 80 isotones.

transition in 138Ce, for which the experimental value of

B(E2) = 6.1+0.9
−0.8 W.u. is much larger than the calculated

value of 0.44 W.u. The fifth point, marked as C, corre-

sponds to the 6+1 → 4+1 transition in the same nucleus,

where the experimental value B(E2) = 0.105+0.018
−0.016 W.u.

is smaller than the calculated value of 2.10 W.u. Two

additional points, marked as D and E, correspond to the

10+1 → 8+1 transitions in 148Er and 150Yb. Although a

fully quantitative explanation of these deviations is not

yet available, we note the following phenomena that may

be relevant. Groups A and B involve inter-band 2+2 → 0+1
and 6+1 → 4+2 transitions, whose B(E2) strengths are

known to be difficult to reproduce accurately in shell-

model calculations. For point C, the analysis presented in

Sec. III D shows that the yrast 6+1 state in 138Ce is domi-

nated by the 6+π ⊗0+ν configuration, whereas the yrast 4+1
state is built mainly on the 2+π ⊗ 2+ν and 0+π ⊗ 4+ν config-

urations. The E2 operator cannot connect these major

components, so the predicted B(E2; 6+1 → 4+1 ) strength

is governed by minor components and is sensitive to the

residual mixing in the wave functions. Finally, for points

D and E, while the SM does not reproduce the abso-

lute experimental B(E2; 10+1 → 8+1 ) values accurately, it

does correctly reproduce the ratio: the B(E2; 10+1 → 8+1 )

transition probability in 150Yb is about 30 times larger

than that in 148Er, which accounts for the much shorter

experimental half-life of the 10+1 state in 150Yb compared

with the corresponding state in 148Er [16, 69]. The exper-

imental B(E2; 10+1 → 8+1 ) values are 0.012(3) W.u. for
148Er and 0.36(3) W.u. for 150Yb, respectively. The SM

values are approximately one order of magnitude larger,

which are 0.15 W.u. and 4.34 W.u., respectively.

The g-factor (alternatively, the magnetic dipole mo-

ment µ) is calculated by

g ≡
µ

JµN
≡

1

J
×

〈J ;M = J | glp l̂zp + gspŝzp + gln l̂zn + gsnŝzn |J ;M = J〉 ,
(10)

where we take the bare nucleon orbital g-factors and ap-

ply the standard quenching factor gs = 0.7 to the nucleon

spin g-factors, i.e., glp = 1.0, gln = 0.0, gsp = 5.586gs,

and gsn = −3.826gs. Fig. 1(b) compares the calculated

g-factors with 8 experimental values for the N = 80 iso-

tones listed in Table II in the Appendix. The SM result

is overall in good agreement with experiment, although

a discrepancy is seen for the 4+1 state of 134Xe, where the

experimental value is 0.80(15), while the SM yields 0.41.

B. Single-neutron-hole states of N = 81 odd-mass

nuclei

Before discussing the results for the N = 80 isotones in

more detail, we examine the yrast 3/2+, 1/2+, and 11/2−

states in the N = 81 odd-mass isotones. These states are

expected to be dominated by single-neutron-hole config-

urations, and their excitation energies are strongly in-

fluenced by the neutron SPEs and the proton-neutron

monopole interactions, which together produce the spher-

ical nuclear mean field. Fig. 2(a) shows the evolution of
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FIG. 2: (a) The excitation energies Ex and (b) the g-factors
of the lowest-energy 3/2+, 1/2+, and 11/2− states in the N =

81 odd-mass isotones 133Te-155W. The experimental data are
taken from Refs. [15, 58–65, 70]. The horizontal lines in panel
(b) indicate the Schmidt values.

the energy levels along the N = 81 isotonic chain. Exper-

imentally, the ground-state spin and parity are 3/2+ from
133
52Te to 143

62Sm, and change to 1/2+ from 145
64Gd to 151

70Yb.

For nuclei with Z ≥ 64, the excitation energy Ex of the

3/2+ state gradually increases. The excitation energy of

the 11/2− state rises rapidly from 133
52Te to 139

58Ce, and

then remains nearly constant from 141
60Nd to 149

68Er. Our

SM calculation reproduces well these systematic trends,

indicating that the optimized effective interaction used

in this work reliably describes the shell evolution near

N = 80.

A recent mass measurement reported

Ex(11/2
−
1 ,

151 Yb) = 679(105) keV, representing a

decrease of ≈ 70 keV relative to 149Er [15]. In contrast,

our SM calculation does not show this decrease but

instead maintains an approximately constant trend ex-

tending to 153Hf, with a slightly upward shift predicted

for 155W. Further experimental investigations in this

region would be interesting.

Fig. 2(b) compares the SM g-factors for the yrast 3/2+,

1/2+, and 11/2− states with the available experimental

data and the Schmidt values, which are given by

gj =

{

gl +
gs−gl
2j , if j = l + 1

2 ,

gl −
gs−gl
2(j+1) , if j = l − 1

2 .
(11)

The experimental, SM, and Schmidt g-factors for the

3/2+ and 11/2− states are in good agreement, confirming

their predominantly single-neutron-hole character. For

the 1/2+ states, the SM calculation predicts a domi-

nant s1/2 single-neutron-hole character, consistent with

the Schmidt value. The available experimental values for
145Gd and 147Dy, however, slightly deviate from the cal-

culation, possibly because low-spin states are generally

more susceptible to stronger configuration mixing.

C. Low-lying structures of N = 80 even-even nuclei

We also calculate the yrast and yrare 0+, 2+, 4+, 6+,

8+, and 10+ states for the even-even isotones 130Sn-154W,

see Fig. 3. Overall, the SM calculation provides a good

description of the available experimental data. Notably,

the recently observed level scheme of 150Yb, including

the new 10+ isomer [16], is well reproduced.

We first discuss the behavior of the yrast 2+ and 4+

states. Fig. 4 presents the ratio R4/2 ≡ Ex(4
+
1 )/Ex(2

+
1 ),

an indicator of nuclear collectivity: values below 2 cor-

respond to seniority-like structures, ratios ≈ 2 are char-

acteristic of vibrational motion, and ratios close to 3.33

are characteristic of collective rotation. As shown in the

figure, the SM result follows the experimental trend. For
130Sn, the ratio is the smallest, with experimental and

theoretical values of 1.594 and 1.567, respectively, consis-

tent with seniority (or more precisely generalized senior-

ity ii) [19, 71]) states. From 130Sn to 136Ba, R4/2 grad-

ually increases to 2.28, with increasing B(E2; 2+1 → 0+1 )

and B(E2; 4+1 → 2+1 ) strengths (see Table I), indicat-

ing a smooth enhancement of collectivity as the valence

proton number increases. Beyond 136Ba, the ratio sta-

bilizes around 2.3, exhibiting vibrational-like character.

The major components of the yrast 0+, 2+, and 4+ state

wave functions are analyzed in Sec. III D, where the 4+

states are shown to exhibit stronger configuration mix-

ing.

The yrast 6+ states in the N = 80 isotones with

Z > 50 are primarily determined by proton configura-

tions inherited from the neighboring N = 82 isotones.

In those N = 82 nuclei the 6+ states are dominated

by seniority-2 components, with the two unpaired pro-

tons in the (0g7/2)
2 and 0g7/21d5/2 configurations for the

ii) Hereafter, “generalized” is omitted for brevity.
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FIG. 3: The yrast and yrare 0+, 2+, 4+, 6+, 8+, and 10+ states in the N = 80 isotones 130Sn-154W. The black and red lines
represent the experimental and SM values, respectively. The experimental data are taken from Refs. [16, 51–57, 66–68]. No
experimental data are available for 152Hf and 154W; only theoretical predictions are shown.

lower-Z isotones, and in the (0h11/2)
2 configuration for

the higher-Z isotones [28]. The correspondence between

N = 80 and N = 82 is reflected in their g-factors: for

instance, the experimental and SM g-factors of the 6+

state in 132Te are 0.783(83) and 0.664, respectively (see

Table II), close to the SM value of 0.697 for 134Te. As the

6+ excitation energies in 132Te and 134Te differ by only

about 80 keV, it is natural to suggest that the 6+ state

in 132Te shares the same proton character as its N = 82

neighbor; we thus denote the dominant configuration as

6+π ⊗ 0+ν . The analysis for these wave functions shown

in Sec. III D confirms this assignment. For Z = 54-74,

the SM g-factors of the 6+ states (0.666-1.138) are close

to those of the corresponding N = 82 isotones (0.694-
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FIG. 4: The ratio of excitation energies, R4/2 ≡

Ex(4
+
1 )/Ex(2

+
1 ).

1.231), and their excitation energies exhibit similar sys-

tematic trends. For 130Sn, the SM g-factor of the 6+ state

is −0.243, in good agreement with the Schmidt value of

−0.244, consistent with the neutron-hole configuration

(0h11/2)
−2
ν .

Fig. 5(a) shows the g-factors of the 8+ states along the

N = 80 isotonic chain, which we have associated with

the (0h11/2)
−2
ν , 6+π ⊗ 2+ν , and (0h11/2)

2
π configurations

(the values are also listed in Table II in the Appendix).

We find that the 8+ state dominated by a particular con-

figuration is yrast in some isotones and non-yrast in oth-

ers, reflecting the evolution of the underlying structure.

We therefore first discuss the yrast 8+ states, which re-

veal a systematic transition in their dominant configu-

rations, and then turn to the non-yrast 8+ states later.

For 130Sn and 132Te at lower Z, the SM 8+1 g-factors

are −0.243 and −0.210, respectively, both close to the

Schmidt value of −0.244 corresponding to the (0h11/2)
−2
ν

configuration. At higher Z values, the SM g-factors of

the yrast 8+ states from 144Gd to 154W all exceed 1.15

(see Table II), close to the Schmidt value of 1.265, indi-

cating that the (0h11/2)
2
π configuration is dominant. For

the intermediate region from 134Xe to 142Sm, the SM 8+1
g-factors range from 0.519 to 0.801, strongly deviating

from the Schmidt values. Previous calculations within

the nucleon-pair approximation of the SM suggest that

these 8+1 states are dominated by proton-neutron cou-

pled configurations 6+π ⊗ 2+ν [35]. To interpret this pat-

tern, we estimate the g-factors of such coupled states

as [28, 72, 73]

g
[

(Jπ ⊗ Jν)
(J)

]

=
Jπ(Jπ + 1)− Jν(Jν + 1)

2J(J + 1)
(gJπ

− gJν
)

+
1

2
(gJπ

+ gJν
).

(12)

Using Jπ = 6, Jν = 2, and J = 8, we obtain

g
[

(6+π ⊗ 2+ν )
(8+)

]

=
3

4
g(6+π ) +

1

4
g(2+ν ). (13)

Here g(6+π ) is taken from our SM calculation for the corre-

sponding N = 82 isotones, while g(2+ν ) cannot be directly

obtainediii). However, for 134Xe-142Sm, our calculation

shows that the neutron contributions to the SM 2+1 g-

factors are 0.110-0.263, close to the total values of 0.152-

0.260 (see Table II). This allows us to approximately

evaluate g(2+ν ) by these neutron components. Eq. (13)

then yields g
[

(6+π ⊗ 2+ν )
(8+)

]

= 0.548-0.836, close to the

SM results, supporting the configuration assignment sug-

gested above. This demonstrates that the 8+1 states

undergo a transition from neutron-dominated, through

proton-neutron coupled, and to proton-dominated struc-

tures along the isotonic chain.

Interestingly, similar configuration patterns are found

in the non-yrast 8+ states. In 134Xe-154W, the SM cal-

culation shows that the selected non-yrast 8+ states are

dominated by the (0h11/2)
−2
ν configuration. Their g-

factors lie close to the neutron h11/2 Schmidt value in
134Xe-144Gd, and deviate moderately from it in 146Dy-
154W, with the largest deviation occurring in 148Er (SM

value of 0.322), reflecting considerable mixing with other

configurations. In 136Ba-142Sm, the selected non-yrast

8+ states have SM g-factors close to the proton h11/2

Schmidt value, consistent with the (0h11/2)
2
π configura-

tion; the slightly lower g-factor in 136Ba suggests rela-

tively strong configuration mixing. Additionally, in 132Te

and 144Gd-154W, the selected non-yrast 8+ states are

consistent with the proton-neutron coupled 6+π ⊗ 2+ν con-

figurations, as their SM g-factors are close to those eval-

uated using Eq. (13).

The systematic trends of these 8+ states, summarized

in Fig. 6(a), can be understood in terms of the underlying

shell structure. With increasing Z, the proton Fermi sur-

face gradually approaches the 0h11/2 orbital, leading to

a rapid decrease in the excitation energies of the proton-

(0h11/2)
2
π-dominated 8+ states. Simultaneously, the neu-

iii) The neutron part of the 8+ wave function is strongly affected

by the valence protons via the proton-neutron interaction, so the

g-factor of 130Sn 2+ is not directly used as an estimator of g(2+ν )
for the heavier isotones.
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FIG. 5: g-factors of selected low-lying (a) 8+ and (b) 10+

states in the N = 80 isotones. Colors indicate the states domi-
nated by different configurations: black for proton (0h11/2)

−2
π ,

red for neutron (0h11/2)
−2
ν , and blue for proton-neutron cou-

pled 6+π ⊗ 2+ν configurations. The open circles and triangles
represent the SM and nucleon-pair approximation (NPA) cal-
culations, respectively. The green dashed curves connect the
g-factors for the yrast states. The solid lines in black and red
show the πh11/2 and νh11/2 Schmidt g-values, respectively,
and the blue curve indicates the g-values for the 6+π ⊗ 2+ν
configuration estimated using Eq. (13). Note that no exper-
imental data are available for the 8+ states, and only three
data points exist for the 10+ states.

tron 0h11/2 orbital is pushed down due to the proton-

neutron monopole interaction [22, 74–78], which results

in a gradual increase in the excitation energies of the

neutron-hole-(0h11/2)
−2
ν -dominated 8+ states, also con-

sistent with the trend of the 11/2− levels observed in the

neighboring N = 81 isotones. The excitation energies of

the 6+π ⊗ 2+ν -dominated 8+ states remain relatively flat,

similar to the 6+1 states. These combined behaviors pro-

duce the configuration coexistence and transition pattern

along the N = 80 isotonic chain.

A similar analysis can be carried out for the 10+

states along the N = 80 isotonic chain. The yrast

10+ states are isomeric, as all measured half-lives ex-

ceed 10 ns [79], and they have attracted much experi-

0.0

2.5

5.0

7.5

10.0

E
x
(M

eV
)

(a) 8+1,Expt. SM (0h11/2)
2
π

SM (0h11/2)
−2
ν

SM 6+π ⊗ 2+ν

NPA (0h11/2)
2
π

NPA (0h11/2)
−2
ν

NPA 6+π ⊗ 2+ν

50 52 54 56 58 60 62 64 66 68 70 72 74
Z

0.0

2.5

5.0

7.5

E
x
(M

eV
)

(b) 10+1,Expt.

10+2,Expt.

SM(0h11/2)
2
π

SM(0h11/2)
−2
ν

NPA (0h11/2)
2
π

NPA (0h11/2)
−2
ν

FIG. 6: Excitation energies of the low-lying (a) 8+ and (b)
10+ states in the N = 80 isotones. The solid points represent
experimental data, the solid curves show the SM result, and
the dotted curves correspond to the NPA calculation. Colors
for the curves denote the states dominated by different con-
figurations, as in Fig. 5. The figure illustrates the evolution
of the low-lying 8+ and 10+ states and the good agreement
between experiment, SM, and NPA.

mental attention [69, 77, 80–86]. As shown in Fig. 5(b)

and Fig. 6(b), the SM calculation predicts both neutron

(0h11/2)
−2
ν and proton (0h11/2)

2
π 10+ states in the low-

lying region. We note that experimental g-factors are

available only for the yrast 10+ states in three nuclei

(138Ce, 140Nd, and 144Gd), so most of the g-factor ev-

idence comes from the SM predictions. The excitation

energies of the (0h11/2)
−2
ν 10+ states follow the trends

of the (0h11/2)
−2
ν 8+ states and the 11/2− levels in the

neighboring N = 81 isotones. The (0h11/2)
2
π 10+ states

exhibit a similar downward trend as the (0h11/2)
2
π 8+

states, reflecting the evolution of the proton Fermi sur-

face. These two 10+ sequences cross in energy at Z ≈ 64,

such that the yrast 10+ states from 130Sn to 142Sm are

dominated by the (0h11/2)
−2
ν configuration, while those

from 144Gd to 154W are predominantly (0h11/2)
2
π. The

g-factors of the (0h11/2)
−2
ν 10+ states behave like those

of the 8+ states: they stay close to the neutron h11/2

Schmidt value over most of the isotonic chain, with a

deviation for the isotones around 148Er. The 10+ con-

figuration transition has been indicated in earlier works

based on systematics [80, 81], although a consistent the-

oretical calculation has been lacking. A comprehensive

discussion of this transition is presented in Ref. [16].
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D. Analysis within the nucleon-pair approximation

To provide further microscopic insight into the SM in-

terpretation of the low-lying 8+ and 10+ states in the

N = 80 isotones, we use the nucleon-pair approxima-

tion (NPA) [87] to examine the wave function compo-

sitions and support the configuration assignments indi-

cated by the SM g-factors. The NPA offers an efficient

truncation of the SM configuration space by construct-

ing many-body bases from collective nucleon pairs with

specific angular momenta and parities,

Â(J)† ≡
∑

j1j2

yJ (j1j2)
(

â†j1 × â†j2

)(J)

, (14)

where yJ(j1j2) denotes the pair-structure coefficients de-

termined through a variational principle [88–90]. Typi-

cal building blocks include the even-parity monopole S

(J = 0) and quadrupole D (J = 2) pairs, as well as, if

necessary, higher-J pairs like the G (J = 4), I (J = 6), K

(J = 8), and M (J = 10) pairs. Energies and wave func-

tions are obtained by diagonalizing the Hamiltonian in

the space spanned by those nucleon-pair bases. The NPA

basis is flexible: for example, if one considers the conden-

sate of a collective S pair, it effectively corresponds to

the generalized seniority scheme; if all possible nucleon

pairs are included, the NPA configuration space is equiv-

alent to the full SM. Unlike the interacting boson model,

which maps collective pairs onto bosons, the NPA retains

the underlying fermionic structure and uses SM interac-

tions. This allows direct comparison with SM results

while providing transparent microscopic interpretations

of nuclear structure. The NPA has been shown to suc-

cessfully describe properties in medium- and heavy-mass

nuclei, demonstrating that only a few collective pair de-

grees of freedom dominate the low-lying states [91–93].

In this work, we calculate the N = 80 isotones within

the NPA using the same SM Hamiltonian. For the va-

lence protons, we include the S, D, G, I, K, and M pairs,

restricting the number of J > 2 pairs to at most one.

For the two valence neutron holes, we adopt the same

set of pairs. The pair-structure coefficients yJ(j1j2) are

obtained using the generalized seniority approach. The

S pairs are determined by minimizing the energy of the

seniority-0 state, i.e., the S-pair condensate,

δ

〈

Ψ(SN )
∣

∣ Ĥ
∣

∣Ψ(SN)
〉

〈Ψ(SN )|Ψ(SN )〉
= 0,

|Ψ(SN )〉 ≡
(

Ŝ†
π

)Nπ
(

Ŝ†
ν

)Nν

|0〉 ,

(15)

where Nπ and Nν are the numbers of valence proton

pairs and valence neutron-hole pairs, and N = Nπ +

Nν . For the non-S pairs, we diagonalize the Hamilto-

nian in the subspace spanned by the seniority-2 states

(

â†j1 × â†j2

)(J)

|Ψ(SN−1)〉, and take the expansion coeffi-

cients of the lowest eigenstate as the pair-structure coef-

ficients. To account for the structural change from low-

spin to high-spin states, we also consider a model space

constructed from the pairs with modified pair-structure

coefficients (see Ref. [35] for details). This NPA space

is the same as that used in Ref. [35], which yielded ex-

citation energies of the yrast states in 130Sn-142Sm in

good agreement with both experiment and the SM re-

sult. Here, we extend the analysis to 154W and to the

non-yrast 8+ and 10+ states.

We first examine the yrast 0+, 2+, and 4+ states.

The 0+ ground states are dominated by the seniority-0,

namely 0+π ⊗ 0+ν , configuration across the N = 80 chain,

with contributions ranging from 65% to 90%. The yrast

2+ states are dominated by the seniority-2 configuration

0+π ⊗ 2+ν (50–70%), while the 2+π ⊗ 0+ν configuration con-

tributes 10–30% and the seniority-4 configuration 2+π ⊗2+ν
contributes less than 10%. The yrast 4+ states show

more fragmented compositions that evolve with proton

number Z. In 132Te, the 4+π ⊗ 0+ν configuration domi-

nates (64%), while the 2+π ⊗ 2+ν configuration contributes

26%. From 134Xe to 152Hf, the 2+π ⊗2+ν and 0+π ⊗4+ν con-

figurations are the two leading components, contributing

30–45% and 15–40%, respectively, while the 4+π ⊗0+ν com-

ponent becomes less important. In 154W, the 4+π ⊗0+ν and

2+π ⊗ 2+ν configurations contribute 31% and 40%, respec-

tively, while the 0+π ⊗ 4+ν configuration contributes only

11%. It is worth mentioning that the seniority states

are highly correlated and are difficult to calculate in the

shell-model m-scheme basis. The NPA, built on a pair

basis, provides a well-developed framework for examining

the seniority configuration structure of these states.

We next turn to the yrast 6+ states. The NPA calcu-

lations show that the seniority-2 configuration 6+π ⊗0+ν is

the leading component of the wave functions from 132Te

to 154W, with contributions ranging from 40% to 75%.

Moreover, the squared overlap between the proton part of

this configuration in the N = 80 nuclei and the seniority-

2 proton component of the yrast 6+ states in the corre-

sponding N = 82 isotones exceeds 94% for most isotones,

confirming that the yrast 6+ states in both chains share

the same proton character.

The NPA calculation yields low-lying 8+ and 10+

states with excitation energies and g-factors in good

agreement with the SM results, see Figs. 5 and 6.

To more directly confirm the dominant configurations

suggested by the SM g-factor analysis, we examine

the NPA wave functions and compare them with the

seniority-2 configurations (0h11/2)
−2
ν and (0h11/2)

2
π, and

the seniority-4 configuration 6+π ⊗ 2+ν . In the NPA, the

higher-seniority configurations are effectively constructed
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FIG. 7: Squared overlaps between the full NPA wave
functions and the wave function of a single configuration
[(0h11/2)

−2
ν , 6+π ⊗ 2+ν , or (0h11/2)

2
π] normalized to unit norm,

for the low-lying 8+ and 10+ states along the N = 80 isotones.
The solid black, red, and blue curves represent the proton
(0h11/2)

2
π, neutron (0h11/2)

−2
ν , and proton-neutron coupled

6+π ⊗ 2+ν configurations, respectively. Panels (a)-(c) show the
three 8+ states, and panels (d) and (e) show the two 10+

states.

from the S-pair condensate with one or more broken

pairs. Fig. 7 shows the probabilities of these configu-

rations in the NPA wave functions for the 8+ and 10+

states. The 8+ and 10+ states examined in Fig. 7 are

the same states whose g-factors and excitation energies

are shown in Figs. 5 and 6. Our discussion below fo-

cuses on the configuration that dominates each state.

For the 8+ states, the dominant configurations typically

contribute about 50%-85% of the total wave function.

In 148Er-154W, however, the 6+π ⊗ 2+ν configuration con-

tributes 30%-40%, indicating more pronounced mixing.

For the 10+ states, the proton (0h11/2)
2
π configuration

contributes 40%-80%, while the neutron (0h11/2)
−2
ν com-

ponent remains 30%-80%. Overall, the yrast 8+ and 10+

states exhibit a larger contribution from a single configu-

ration, while non-yrast states show smaller percentages.

This reflects stronger configuration mixing at higher ex-

citation energies.

It may be interesting to note that, though not shown,

the NPA calculation also indicates small contributions

from seniority-4 components other than 6+π ⊗ 2+ν : the 8+

states dominated by (0h11/2)
−2
ν contain about 5%-10%

of the 2+π ⊗ 6+ν configuration, the 10+ states dominated

by (0h11/2)
−2
ν contain about 10%-25% of the 2+π ⊗ 10+ν

configuration, and the 10+ states dominated by (0h11/2)
2
π

contain 1%-22% of the 10+π ⊗ 2+ν configuration.

As noted in Sec. III A, the SM B(E2) values, shown

in Fig. 1(a) and Table I, are overall consistent with ex-

periment. However, their magnitudes cannot be fully ex-

plained by the dominant configurations or the seniority-4

components in our NPA calculation. This indicates that

the B(E2) strengths are strongly influenced by configu-

ration mixing from minor components (e.g., seniority-6

or higher).

E. A level inversion in 154W

Finally, we discuss an intriguing phenomenon pre-

dicted by our SM calculation in 154W. Fig. 8 shows the

systematics of the excitation energies for the yrast 18+

and 20+ states in 132Te-154W, and the SM result agrees

well with available experimental data. In all isotones, the

20+ level lies above the 18+ level, except in 154W, where

the 20+ state is predicted to lie 0.2 MeV below the 18+

level, suggesting the occurrence of a level inversion.

The SM calculation indicates that the yrast 18+ and

20+ states in 154W are essentially two-proton-hole states

in the 0h11/2 orbital, since the 0g7/2 and 1d5/2 orbitals

are nearly filled, and the 1d3/2 and 2s1/2 orbitals are

almost empty, leaving ten valence protons to occupy the

0h11/2 orbital. The two valence neutron holes occupy

mostly the 0h11/2 orbital as well. As a result, these states

can be approximated as the maximally aligned coupling

of two proton holes and two neutron holes within the

same 0h11/2 orbital. We performed a SM calculation with

the isoscalar spin-aligned J = 11 proton-neutron matrix

element switched off. In this case, the 20+ level lies 0.4
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FIG. 8: Systematics of the yrast 18+ and 20+ states in
the N = 80 isotones. The SM calculation predicts a level
inversion between these two states in 154W.

MeV above the 18+ level, confirming that the isoscalar

spin-aligned interaction is essential for the emergence of

the level inversion in 154W.

A similar mechanism is known for the “level-inversion”

16+ isomer in 96Cd [94]. 96Cd can be viewed as two pro-

ton holes and two neutron holes in the 0g9/2 orbital below

the 100Sn core. Ref. [94] reports that the isoscalar proton-

neutron interaction plays a crucial role in reproducing

this inversion. Theoretical studies reveal that the yrast

14+ and 16+ states in 96Cd can be described predom-

inantly by isoscalar spin-aligned J = 9 proton-neutron

pairs [95–100].

This analogy highlights the microscopic origin of the

predicted level inversion in 154W and indicates that the

proximity of both proton and neutron Fermi surfaces

to high-j orbitals, combined with strong isoscalar spin-

aligned interactions, may favor similar level inversions in

other nuclei with two proton holes and two neutron holes

occupying such orbitals. Although a detailed study of the

electromagnetic transitions of the 20+ state to odd-parity

states are beyond the scope of the present work, the pre-

dicted level inversion suggests that this state could ex-

hibit suppressed decays to even-parity states, potentially

forming a long-lived 20+ isomer. Such a state could allow

measurable beta decays and provide guidance for future

experimental studies.

IV. SUMMARY

In this work, we have investigated the systematics of

low-lying even-parity states in the N = 80 even-even iso-

tones 130Sn-154W using large-scale SM calculations with

an optimized effective interaction. The proton-proton

and neutron-neutron interactions are adopted from pre-

vious works that successfully describe semi-magic nuclei,

whereas the proton-neutron interaction is newly opti-

mized by fitting 14 correction terms to 73 experimental

excitation energies in the N = 80 and 81 isotones. The

parameter space is reduced to eight independent degrees

of freedom using the PCA method. The calculations

well reproduce the excitation energies and electromag-

netic properties of the low-lying states in the N = 80

isotones, as well as the lowest-energy 3/2+, 1/2+, and

11/2− states in the N = 81 isotones.

SM results indicate that the coexistence of collective,

weak-coupling, and seniority-type states is a robust fea-

ture of the low-lying structures along the N = 80 iso-

tonic chain. Specifically, the yrast 0+, 2+, and 4+ states

in 130Sn are dominated by seniority-type configurations,

while those in 134Xe-154W show vibrational-like features.

The yrast 6+ state in 130Sn is dominated by neutron

(0h11/2)
−2
ν configuration, whereas for Z > 50 it is dom-

inated by proton seniority-2 configurations, 6+π ⊗ 0+ν .

Three types of low-lying 8+ states are identified in cal-

culations: neutron (0h11/2)
−2
ν , proton-neutron coupled

6+π ⊗ 2+ν , and proton seniority-2 (0h11/2)
2
π. Their evo-

lutions reflects the interplay between the proton Fermi

surface and neutron shell evolution driven by the proton-

neutron monopole interaction. Similarly, (0h11/2)
−2
ν and

(0h11/2)
2
π 10+ states are predicted, showing a configura-

tion transition along the yrast states. The NPA analysis

quantitatively confirms the SM interpretation. A level

inversion of the yrast 18+ and 20+ states is predicted in
154W, revealing the essential role of the isoscalar spin-

aligned J = 11 proton-neutron coupling and indicating

that this 20+ state may be a long-lived isomer, similar to

the 16+ spin-trap isomer in 96Cd.

These results provide a comprehensive picture of struc-

ture evolution along the N = 80 isotonic chain and sug-

gest intriguing features for future experimental investi-

gations. The present study also provides a solid foun-

dation for extending analysis to more neutron-deficient

nuclei near N ≈ 80, as well as to nuclei with smaller N

approaching Z, where exotic phenomena such as rapid

shape-phase transitions and enhanced isoscalar proton-

neutron pairing correlations may appear. Moreover, the

PCA-based monopole- and multipole-optimization ap-

proach for effective interactions can be extended to heav-

ier open-shell nuclei in the vicinity of 208Pb, offering a

powerful tool for future theoretical studies.
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Appendix A: Tables of B(E2) values and g-factors

Given the overall agreement between the experimental

data and the SM calculations, we present comprehen-

sive tables of B(E2) transition strengths and magnetic

g-factors for low-lying states in the N = 80 even-even

isotones.

TABLE I: Experimental and calculated B(E2) values (in W.u.). Listed
are the E2 transitions between the yrast states, together with additional
transitions for which experimental data are available. For 142Sm and
144Gd, the transitions from the 10+2 states to several lower-lying final
states are also included because the predicted partial half-lives of the
10+2 states exceed 10−7 s. The SM B(E2) values are calculated using
effective charges eπ = 1.5e and eν = 1.1e. The table also lists the
experimental half-lives T1/2,Expt. (in s) for the parent states and the

partial half-lives for the E2 transitions obtained from the SM, T (E2)
1/2,SM.

The T
(E2)

1/2,SM values are calculated using the experimental γ-ray energies
when available; values in parentheses correspond to transitions for which
the γ-ray energy is not measured and thus the SM-calculated energy is
used.

Nuclide Iπ → Jπ B(E2)Expt. T1/2,Expt. (in s) B(E2)SM T
(E2)
1/2,SM (in s)

130Sn 2+1 → 0+1 3.423 1.557×10−12

4+1 → 2+1 2.823 1.844×10−11

6+1 → 4+1 2.751 4.340×10−9

8+1 → 6+1 < 4× 10−8 1.743 2.238×10−6

10+1 → 8+1 0.38(4) 1.61(15) × 10−6 0.656 2.705×10−6

132Te 2+1 → 0+1 10.82(110) 1.83(18) × 10−12 9.232 2.015×10−12

4+1 → 2+1 7.322 9.729×10−12

6+1 → 4+1 3.3(2) 1.45(8) × 10−7 2.963 4.125×10−7

8+1 → 6+1 0.0274 7.561×10−10

10+1 → 8+1 3.70(9) × 10−6 1.372 2.004×10−3

2+2 → 0+1 0.5(1) 0.310 3.575×10−12

134Xe 2+1 → 0+1 15.32(103) 2.08(14) × 10−12 12.229 2.605×10−12

4+1 → 2+1 11.6(8) 2.22(14) × 10−12 14.380 1.789×10−12

6+1 → 4+1 5.948 2.116×10−10

8+1 → 6+1 11.879 2.485×10−12

10+1 → 8+1 5(1)× 10−6 0.0232 3.485×10−2

2+2 → 2+1 20(2) 5.044 1.044×10−11

2+2 → 0+1 0.75(5) 3.047 4.174×10−13

136Ba 2+1 → 0+1 19.59(34) 1.89(3) × 10−12 14.597 2.532×10−12

4+1 → 2+1 14(6) 0.87(+84
−29)× 10−12 19.033 5.659×10−13

6+1 → 4+1 0.55(2) 3.1(1) × 10−9 0.657 4.559×10−9

8+1 → 6+1 6.745 6.686×10−12

10+1 → 8+1 0.0232(6) 9.1(2) × 10−8 0.00474 4.542×10−7

2+2 → 2+1 17(6) 8.9(29) × 10−13 8.940 7.297×10−12
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2+2 → 0+1 0.89(25) 5.277 2.884×10−13

4+1 → 2+2 1.4(6) 0.451 9.423×10−9

4+2 → 2+1 5(3) 3.881 1.226×10−12

6+1 → 4+2 4.9(4) 1.658 9.484×10−8

138Ce 2+1 → 0+1 21.6(16) 1.98(4) × 10−12 18.369 2.378×10−12

4+1 → 2+1 < 4× 10−11 25.855 4.307×10−13

6+1 → 4+1 0.105(+18
−16) 8.80(19) × 10−10 2.105 2.826×10−10

8+1 → 6+1 21.618 1.718×10−12

10+1 → 8+1 0.0108(3) 8.2(2) × 10−8 0.0128 7.076×10−8

2+2 → 0+1 1.15(4) 8.34(20) × 10−13 5.655 3.008×10−13

6+1 → 4+2 6.1(+9
−8) 0.435 3.215×10−7

140Nd 2+1 → 0+1 33.6(2) 1.40(11) × 10−12 21.641 2.179×10−12

4+1 → 2+1 30.640 3.724×10−13

6+1 → 4+1 0.308 7.458×10−10

8+1 → 6+1 20.892 1.702×10−12

10+1 → 8+1 0.0013(2) 2.7(5) × 10−8 0.000457 1.786×10−6

142Sm 2+1 → 0+1 22.642 2.125×10−12

4+1 → 2+1 33.219 3.454×10−13

6+1 → 4+1 < 2× 10−9 0.0399 3.269×10−9

8+1 → 6+1 18.135 1.161×10−12

10+1 → 8+1 4.80(60) × 10−7 0.000156 2.281×10−5

10+1 → 8+2 0.326 (4.933×10−5 )
10+2 → 8+1 0.00353 1.158×10−7

10+2 → 8+2 0.00497 (3.310×10−5 )
10+2 → 10+1 0.207 5.240×10−7

144Gd 2+1 → 0+1 23.866 2.335×10−12

4+1 → 2+1 37.053 3.388×10−13

6+1 → 4+1 0.0999 1.495×10−9

8+1 → 6+1 4.330 (2.451×10−11 )
8+1 → 10+1 2.639 (3.077×10−3 )
10+1 → 8+1 1.45(30) × 10−7 2.136
10+2 → 8+1 0.0105 (1.223×10−7 )
10+2 → 8+2 0.0000544 (8.9128×10−5 )
10+2 → 10+1 0.0451 2.184×10−7

146Dy 2+1 → 0+1 27.624 3.039×10−12

4+1 → 2+1 44.166 4.142×10−13

6+1 → 4+1 0.635 4.372×10−11

8+1 → 6+1 10.476 2.882×10−11

8+1 → 10+1 1.376 2.368×10−5

10+1 → 8+1 0.150(20) 1.113
148Er 2+1 → 0+1 30.429 3.581×10−12

4+1 → 2+1 48.171 4.868×10−13

6+1 → 4+1 20.581 5.823×10−13

8+1 → 6+1 8.083 1.342×10−9

10+1 → 8+1 0.012(3) 1.3(3) × 10−5 0.146 2.158×10−6

150Yb 2+1 → 0+1 30.486 3.737×10−12

4+1 → 2+1 46.518 5.557×10−13

6+1 → 4+1 40.467 3.351×10−13

8+1 → 6+1 27.155 2.073×10−10

10+1 → 8+1 0.36(3) 6.2(5) × 10−7 4.343 1.633×10−8

152Hf 2+1 → 0+1 26.880 (2.696×10−12)
4+1 → 2+1 38.460 (4.641×10−13)
6+1 → 4+1 31.584 (2.406×10−12)
8+1 → 6+1 18.745 (3.844×10−10)
10+1 → 8+1 27.591 (7.312×10−7)
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154W 2+1 → 0+1 20.415 (2.174×10−12)
4+1 → 2+1 23.504 (4.997×10−13)
6+1 → 4+1 21.589 (1.953×10−11)
8+1 → 6+1 19.962 (5.502×10−9)
10+1 → 8+1 15.475 (6.152×10−8)

TABLE II: Experimental and calculated g-factors for low-lying states in
the N = 80 isotones. For each nucleus we list the yrast 2+, 4+, and 6+

states, the 8+ states dominated by the (0h11/2)
−2
ν , 6+π ⊗2+ν , and (0h11/2)

2
π

configurations, and the 10+ states dominated by the (0h11/2)
−2
ν and

(0h11/2)
2
π configurations.

Nuclide Iπ gExpt. gSM
130Sn 2+1 - -0.167

4+1 - -0.230
6+1 - -0.243
8+1 - -0.243
10+1 - -0.243

132Te 2+1 - 0.171
4+1 - 0.592
6+1 0.783(83) 0.664
8+1 - -0.210
8+2 - 0.449
10+1 - -0.222

134Xe 2+1 0.354(7) 0.158
4+1 0.80(15) 0.413
6+1 - 0.666
8+1 - 0.519
8+2 - -0.158
10+1 - -0.204

136Ba 2+1 0.34(5) 0.152
4+1 - 0.383
6+1 - 0.967
8+1 - 0.559
8+3 - -0.150
8+43 - 0.957
10+1 - -0.191
10+13 - 1.098

138Ce 2+1 0.26(8) 0.216
4+1 - 0.446
6+1 - 0.975
8+1 - 0.801
8+3 - -0.133
8+17 - 1.131
10+1 -0.170(3) -0.179
10+5 - 1.208

140Nd 2+1 - 0.260
4+1 - 0.432
6+1 - 0.968
8+1 - 0.785
8+3 - -0.113
8+8 - 1.137
10+1 -0.192(12) -0.164
10+3 - 1.220

142Sm 2+1 - 0.255

4+1 - 0.366
6+1 - 0.950
8+1 - 0.753
8+3 - -0.047
8+4 - 1.178
10+1 - -0.144
10+2 - 1.217

144Gd 2+1 - 0.266
4+1 - 0.341
6+1 - 0.960
8+1 - 1.155
8+2 - 0.844
8+4 - -0.034
10+1 1.276(14) 1.213
10+2 - -0.122

146Dy 2+1 - 0.347
4+1 - 0.433
6+1 - 1.138
8+1 - 1.187
8+3 - 1.002
8+5 - 0.065
10+1 - 1.206
10+3 - -0.078

148Er 2+1 - 0.436
4+1 - 0.589
6+1 - 1.093
8+1 - 1.186
8+3 - 1.035
8+6 - 0.322
10+1 - 1.202
10+4 - 0.098

150Yb 2+1 - 0.499
4+1 - 0.723
6+1 - 1.040
8+1 - 1.168
8+4 - 1.052
8+7 - 0.167
10+1 - 1.187
10+4 - 0.016

152Hf 2+1 - 0.483
4+1 - 0.785
6+1 - 1.074
8+1 - 1.190
8+4 - 1.053
8+6 - 0.127
10+1 - 1.171
10+4 - 0.025

154W 2+1 - 0.376
4+1 - 0.878
6+1 - 1.137
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8+1 - 1.182
8+3 - 0.992
8+4 - 0.149
10+1 - 1.156

10+4 - 0.099
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