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The neutron-rich 130–134Te isotopes are investigated by large-scale shell-model calculations with the extended
pairing plus multipole-multipole force (EPQQM model). The orbits of (0g7/2, 1d5/2, 1d3/2, 2s1/2, 0h11/2 ) are
included for both proton and neutron model space, while two more neutron orbits (1 f7/2, 2p3/2) above the N = 82
shell gap are included to study neutron-core excitations. The higher core-excited states in 132,133Te are calculated
for the first time in this region. The present work well describes both the low-lying and the high-energy states
for 134Te, 133Te, and 132Te, as well as the low-lying levels of 131Te and 130Te. The several multiplets with clear
boundary exist in 134,133Te, while a new configuration lying between 4.8 and 6.0 MeV is found as a theoretical
prediction in 134Te. Finally, the transition probabilities in these nuclei are calculated and compared with available
data. The predicted energy levels and electromagnetic transition will be useful for planning future experiments.
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I. INTRODUCTION

The analysis of neutron-rich isotopes in the vicinity of the
doubly magic 132Sn is of high interest for both nuclear physics
and nuclear astrophysics. The latest experiment, using the re-
cently implemented phase-imaging ion-cyclotron-resonance
method, has shown that the h11/2 neutron orbital near 132Sn
is key for the evolution of the N = 82 shell gap towards
Z = 40 [1]. By the direct observation of single-particle states
in odd-mass isotopes close to 132Sn, the doubly magic na-
ture of 132Sn has been reconfirmed in Refs. [2,3]. In 2019,
the doubly magic nucleus 132Sn was reconfirmed again by
the first charge-radius measurement of a neutron-rich Sn iso-
tope beyond N = 82 [4]. For the neutron-rich nuclei near
132Sn, the extended pairing plus multipole-multipole force
(EPQQM) model [5–8] provides a good method to describe
wholly the low-lying states and cross-shell excitations [9–12].
Recently, this interaction model has been applied to the (Z >

50, N � 82) nuclear region “northwest” of 132Sn. The highly
excited states above 4.0 MeV are clearly explained in anti-
mony isotopes as excitations across the neutron N = 82 shell
gap, and the monopole effects of these nuclei also have been
examined carefully [13].

As the particle-hole nuclei in the region northwest of
132Sn, the tellurium isotopes have attracted much attention
in both experiment and theory [14–20]. The g factor of the
4+ state in 134Te was measured for the first time through a
new technique developed for measuring angular correlations
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with Gammasphere [14]. Direct insight into the single particle
structure is carried by the g factors in nuclei close to doubly
closed shells. The yrast states of 134Te above 5.5 MeV are
described in terms of valence proton and particle-hole core
excitations [21]. The B(E2) of the first excited 2+ state had
been measured in the semimagic nuclide 134Te [22]. Using
a 248Cm fission source, the γ rays of 132Sb and 133Te in
N = 81 isotones have been studied at Gammasphere [23]. The
half-life of the 19/2− state in 133Te has been determined on
the basis of the new level schemes [24], and the microsec-
ond isomers in 130,132Te have been investigated by thermal
neutron induced fission of 239Pu and 241Pu. The 2+

2 state was
identified in 132Te as the one-phonon mixed-symmetry state
in a projectile Coulomb excitation experiment that provided
a firm example of a mixed-symmetry state in neutron-rich
nuclei [25].

In theory, the low-lying level spectrum of 134Te without
core excitations has been investigated using shell-model cal-
culations [26,27]. The high-spin states in 132Te have been
extended up to an excitation energy of 6.17 MeV, the experi-
mental level scheme has been compared by using the jj55pna
interaction without considering neutron-core excitations, and
a large energy difference is found in the 17+ level between the
calculation and the experiment [28]. Such experimental find-
ings provide further motivations for performing large-scale
shell-model calculations. It is necessary to consider the cross-
shell orbits in the natural valence space and to investigate the
neutron-core excitations in these neutron-rich nuclei. For ex-
ample, the Jπ = 19/2+ state at 1942 keV in 133Ba is identified
as an isomer with a half-life of 66.6(20) ns corresponding to
a B(E1) value of 7.7 × 10−6(4) e2fm2 for the Jπ = 19/2+
to Jπ = 19/2− transition [29]. Due to the cross-shell orbit
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FIG. 1. The theoretical states compared with the known experi-
mental data of 134Te [21,30]: (a) positive-parity states, (b) negative-
parity states.

ν1 f7/2 included in the model space, the gdsh valence space
is enlarged to deal with this E1 transition.

In this paper, we first briefly mention the Hamiltonian and
model space for the sake of completeness. Then we discuss the
low-lying and high-energy states in Te isotopes. The higher
core-excited states are studied in 132,133Te for the first time.
Finally, we discuss the electromagnetic transition in these
nuclei for further inspection.

II. RESULTS AND DISCUSSION

In the present work the EPQQM model is applied to study
130–134Te isotopes by large-scale shell-model calculations. We
use the same model space and interaction as in our previ-
ous investigation on 131–133Sb isotopes [13]. The shell-model
calculations are carried out in the model space spanned by
five proton (neutron) orbits (0g7/2, 1d5/2, 1d3/2, 2s1/2, 0h11/2)
between the magic numbers 50 and 82 for proton particles
(neutron holes), and no truncation is used in the major shell.
Two extra neutron orbits 1 f7/2 and 2p3/2 above the N = 82
shell closure are included for analyzing neutron-core excita-
tions (NCEs). In 131–134Te, one neutron is allowed to occupy
the extra orbit 1 f7/2. For 130Te, the present computational
resource is not enough to take NCE into consideration. The
experimental data are mainly taken from Refs. [19–21,28,30],
and the shell-model code NUSHELLX@MSU is used for calcu-
lations [31].

A. 134Te
134Te contains two valence protons outside the 132Sn

core. Therefore, the semimagic 134Te nucleus becomes the
benchmark to test the proton-proton part of the two-body in-
teraction. Hence a series of experiments have been performed
to study the structure of this isotope [21,32–35]. The present
calculations reproduce the feature of spherical even-even nu-
clei that there is large gap (about 1.2 MeV) between ground
state 0+ and first excited state 2+ [as shown in Fig. 1(a)].

FIG. 2. The theoretical NCE states as a function of spin for
134Te: (a) positive-parity states, (b) negative-parity states. The known
experimental data [30] are denoted by asterisks.

The first 4+ and 6+ levels, belonging to the yrast sequence
of πg2

7/2, are also reproduced well.
The other positive-parity states with energy between 2 and

3 MeV are from proton excitation within the major shell.
These states have the main configuration of πg7/2d5/2. The
second 4+ level at 2.504 MeV, with 90% of πg7/2d5/2, is well
reproduced and close to the experimental value at 2.555 MeV.
The 6+ level at 2.384 MeV, which has mostly a pure con-
figuration of πg7/2d5/2, matches quite well with experimental
value 2.398 MeV. The third 2+ level at 3.055 MeV, which is
close to the experimental 2+ level at 2.934 MeV, has a mixed
configuration of 55% of πd2

5/2, 16% of πg7/2d3/2, and 14%
of πg7/2d5/2. The 1+, 3+, and 5+ levels also belong to the
same sequence. Except for the 1+ level, the present work well
reproduces all the other members of configuration πg7/2d5/2.
The first 1+ level at 2.15 MeV is a little far from datum 2.632
MeV, while the second 1+ level lies at 5.016 MeV with a main
configuration of πd5/2d3/2.

The negative-parity states are observed above 4 MeV.
These states belong to two multiplets, πg7/2h11/2 and
πd5/2h11/2. The calculated levels in comparison with experi-
mental data are depicted in Fig. 1(b). The levels of 9−, 7−, 5−,
and 8− from the πg7/2h11/2 multiplet have good accordance
with experimental data in both energy and order. As for the
higher excitation energy, a new multiplet with main configura-
tion of πd5/2h11/2 is predicted, lying from 4.8 to 6 MeV, where
the corresponding experimental data are still unavailable.

The higher spin part of the yrast sequence (8+) to (15+)
was established by Zhang et al. [21] and the explanation
involves excitations across the 132Sn core. In Fig. 2(a) the
states from (8+) to (13+) are well reproduced in our calcu-
lations, while no datum is available for 11+ state. We obtain
the 11+ state at 5.999 MeV, close to the value 5.782 MeV
in Ref. [21] from the empirical shell-model calculation. The
core-excited πgn

7/2νh−1
11/2 f7/2 levels were obtained in N =

82 isotones [21,35]. From our EPQQM calculations, sixteen
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FIG. 3. The theoretical states compared with the known experi-
mental data of 133Te [30].

members from 0+ to 15+ of this sequence are obtained, as
shown in Fig. 2(a). The lower spin part of the sequence is not
well investigated by experiment, as the yrast (8+) preferen-
tially decays to the yrast (6+), leaving it difficult to populate
the states with spin Iπ < 8+. The 5+ level is known from
experiment [36] and we obtained 4.577 MeV by calculation.
The two lowest spin states 0+ and 1+, with energy around
6 MeV, have more than 90% configuration of πg2

7/2νh−1
11/2 f7/2.

The 2+ level (at 4.69 MeV) has lower energy compared to
0+ and 1+ states, due to about 30% mixture of non-NCE
partitions.

The high-spin states 14+ and 15+ are 6.297 and 6.919
MeV with main configuration of πg2

7/2νh−1
11/2 f7/2. Apart from

the members of πg2
7/2νh−1

11/2 f7/2, the πg7/2d5/2νh−1
11/2 f7/2 has

14+ and 15+ levels at 7.12 and 7.72 MeV, which keep ac-
cordance with experimental values. In Fig. 2(b), the levels
with Iπ = 0− to 11− are shown and these 12 states have
a main configuration of πg2

7/2νd−1
3/2 f7/2. As yrast state, the

10− level lies close to the datum 5.658 MeV, whereas the
11− level with 6.552 MeV in theory is a little far from the
experimental value 5.822 MeV. Four other nearly degenerate
negative-parity states (12− to 15−) are also shown in Fig. 2(b).
The main configuration of these levels is πg7/2h11/2νh−1

11/2 f7/2.

B. 133Te

The N = 81 isotope 133Te has two protons above the Z =
50 shell and one neutron hole below the N = 82 shell closure.
Therefore, the low-lying excited states of 133Te would arise
from coupling of two protons in the πg7/2 orbital and one neu-
tron hole in νh11/2. The 11/2− isomer with t1/2 = 55.4 min at
334 keV was observed in an early measurement [37]. Later,
the πg2

7/2νh−1
11/2 configuration was extended up to 23/2− [23].

During the same time, the yrast and near yrast particle-hole
states were reported up to 6.2 MeV in 133Te using sponta-
neous fission of 252Cf [24]. As shown in Fig. 3, the 133Te
has the same ground state (3/2+) as in 131Sn, with a main
configuration of πg2

7/2νd−1
3/2. As the first excited state with

FIG. 4. The theoretical NCE states as a function of spin for
133Te: (a) positive-parity states, (b) negative-parity states. The known
experimental data [30] are denoted by asterisks.

positive parity, the 1/2+ level has the dominant configuration
of πg2

7/2νs−1
1/2.

The first 5/2+ level is also a member of the sequence
πg2

7/2νd−1
3/2. On the other hand, the second 5/2+ level has two

main configurations, about 42% of πg2
7/2νd−1

3/2 and about 34%

of πg2
7/2νs−1

1/2. The 5/2+ state at 2.728 MeV matches well
with the 2.756 MeV from experiment. We also predict the
7/2+ level at energy 2.5 MeV with dominant configuration of
πg2

7/2νg−1
7/2. The positive states near 4 MeV (21/2+, 25/2+,

23/2+, 27/2+) are well reproduced in the present calcula-
tions. This is owing to the fact that the model space used in
the calculations is reasonably large and includes the important
proton single-particle level πh11/2. These states near 4 MeV
have a main configuration of πg7/2h11/2νh−1

11/2, the same as
suggested in Ref. [24].

There is a large discrepancy between the first theoretical
23/2− state and the datum of 3.070 MeV (23/2−), while the
second 23/2− state is close to this datum. The value using the
jj55pna interaction is 2.5 MeV for this 23/2− level, still some
distance from the datum 3.070 MeV. Whether a lower 23/2−
state can be observed in further experiment remains unclear.

The negative-parity states and corresponding experimental
levels are shown in Fig. 3(b). The first excited negative-parity
11/2− level is obtained at 0.082 MeV with a dominant con-
figuration of πg2

7/2νh−1
11/2 (79%). The other members of the

sequence, 15/2−
1 , 17/2−

1 , 19/2−
1 , 23/2−

1 , are from πg2
7/2 cou-

pled with νh−1
11/2. The 21/2−

1 and 23/2−
2 levels have the main

configuration of πg7/2d5/2νh−1
11/2 as suggested in Ref. [24].

As the positive-parity NCE in 133Te, the main config-
uration of πg2

7/2νh−1
11/2d−1

5/2 f7/2 includes 16 members, from
1/2+ to 31/2+ levels [Fig. 4(a)]. The negative-parity NCE
[Fig. 4(b)] has a main configuration of πg2

7/2νh−2
11/2 f7/2, which

also showed 16 members from 1/2− to 31/2−. The data of
the high-spin part from (23/2−) to (31/2−) are available in
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FIG. 5. The theoretical states compared with the known experi-
mental data of 132Te [30]: (a) (0, 2.1 MeV), (b) (2.1, 6.5 MeV).

Ref. [24], and these states are quite well reproduced in the
present work. The 7/2− level at 2.665 MeV has the lowest en-
ergy, and has a mixed configuration of πg2

7/2νh−2
11/2 f7/2 (42%)

and πg2
7/2νd−2

3/2 f7/2 (18%).

C. 132Te

The structure of low-lying levels in 132Te is dominated
by configurations of two proton particles coupled with two
neutron holes, which is more complex compared to 133,134Te.
For example, the ground state 0+ has about five different
configurations. The two major ones are shown in Fig. 5. In
those five configurations, the proton part is the same as πg2

7/2,
whereas the neutron parts are νd−2

3/2, νh−2
11/2, νs−2

1/2, νd−2
5/2, and

νg−2
7/2 respectively. The πg2

7/2νh−2
11/2 and πg2

7/2νd−2
3/2 are also

the dominant configurations for 2+
1 to 6+

1 levels [Fig. 5(a)], as
well as 2+

5 [Fig. 5(b)].
With the main configuration of πg2

7/2νh−2
11/2, the four levels

of 10+, 8+, 4+
5 , and 4+

7 match the known experimental data
well (Fig. 5). As a member of proton πg7/2d5/2, the 2+

4 level
has a different configuration compared to other nearby states.
The five levels from 12+ to 16+ with energy below 5 MeV
belong to the πg2

7/2νh−2
11/2 sequence. The 12+ level at 3.711

MeV is close to the datum 3.622 MeV. The energy and or-
dering of 14+

1 , 15+
1 , and 14+

2 states are well reproduced in
our calculations. Note that the level (16+) at 4.836 MeV is
a little far from the experimental level at 5.424 MeV. The two
levels at the top in Fig. 5(b), 15+

2 and 16+
2 , have very pure

configuration of πg7/2d5/2νh−2
11/2 (more than 90%).

Compared to the experimental (17+) level at 6.17 MeV, the
17+ level using jj55pna has a large energy difference. The 17+
level of NCE in the present work is also a little far from this
(17+) level in experiment, while the 17+ level in the natural
valence space lies at 8.778 MeV with main configuration of

FIG. 6. The calculated NCE states as a function of spin for 132Te:
(a) positive-parity states, (b) negative-parity states. The results using
the jj55pna interaction are denoted by circles. The known experimen-
tal datum (17+) is denoted by an asterisk.

πg7/2h11/2νg−1
7/2h−1

11/2. Due to the Pauli principle, the level 17+

could not be produced by the sequence πg2
7/2νh−2

11/2.
The negative-parity states are shown in Fig. 5 in com-

parison with known data. The 7− level at 1.829 MeV has
about 70% of πg2

7/2νh−1
11/2d−1

3/2, that is well accordance with
the experimental value 1.925 MeV. The 5+ level at 1.911 MeV
has two main configurations, about 43% of πg2

7/2νh−1
11/2d−1

3/2

and about 28% of πg2
7/2νh−1

11/2s−1
1/2. The 9−

1 level at 2.951 MeV

has dominant configuration πg2
7/2νh−1

11/2d−1
3/2, and the 11− level

at 3.394 MeV belongs to the sequence of πg2
7/2νh−1

11/2d−1
3/2.

The core excited states in 132Te have a little higher energy
in comparison with 134Te. The positive parity of neutron-core
excited levels with Iπ = 0+ to 17+ have two main configura-
tions, πg2

7/2νh−3
11/2 f7/2 and πg2

7/2νh−1
11/2d−2

3/2 f7/2. The partition

πg2
7/2νh−3

11/2 f7/2 contributes largely for the lowest (0+, 1+, 2+)
and the highest spins (16+ and 17+). The negative parity of
NCE in Fig. 6(b) also has two main configurations, about 50%
of πg2

7/2νh−2
11/2d−1

3/2 f7/2 and about 10% of πg2
7/2νh−1

11/2s−1
1/2 f7/2

in average. The 4− level at 4.518 MeV has a main configura-
tion of πg2

7/2νh−2
11/2d−1

3/2 f7/2 (about 53%). So far no cross-shell

excitation has been observed in 132Te.

D. 131,130Te

With three neutron holes below N = 82, the nucleus 131Te
still has the ground state (3/2+) as in 131Sn. The main config-
uration is about 59% of πg2

7/2νh−2
11/2d−1

3/2 (Fig. 7). As the first
excited positive parity, the 1/2+ level has the main configu-
ration of πg2

7/2νh−2
11/2s−1

1/2. As shown in Fig. 7, the dominant

configuration of the yrast sequence is πg2
7/2νh−2

11/2d−1
3/2 for

Iπ = 3/2+ to 17/2+. As for 21/2+ state, the two configu-
rations have nearly equal contributions. For the highest spin
states, 23/2+ and 25/2+, the configuration πg2

7/2νh−2
11/2s−1

1/2
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FIG. 7. The calculated positive-parity states (a) and the percent-
age of main configurations as a function of spin for 131Te (b). The
known experimental data [30] are denoted by the red solid line.

becomes dominant. As shown in Fig. 8, the negative-parity
levels have more complex configurations, where the largest
contribution (about 30%) comes from πg2

7/2νh−1
11/2d−2

3/2 ex-
cept for 9/2− and 25/2− levels. The 9/2− level has about
40% contribution from πg2

7/2νh−3
11/2 and the 25/2− level

has about 29% contribution from πg2
7/2νh−1

11/2s−1
1/2d−1

3/2. Be-
sides the five experimental states from 3/2− to 11/2−, the
high spin (19/2−) level is very close to the experimental
data.

For 130Te, the cross-shell orbits are frozen due to the
limitation of computational power, while only the low-lying
levels are shown in Fig. 9. The dominant configuration is

FIG. 8. The calculated negative-parity states (a) and the percent-
age of main configurations as a function of spin for 131Te (b). The
known experimental data [20,30] are denoted by the red solid line.

FIG. 9. The theoretical low-lying levels (a1, a2) and the percent-
age of main configurations (b1, b2) as a function of spin for 130Te.
The known experimental data [30] are denoted by the red solid line.

πg2
7/2νh−2

11/2d−2
3/2 (πg2

7/2νh−3
11/2d−1

3/2) for positive (negative) par-
ity levels. For the negative-parity sequence, the configuration
πg2

7/2νh−3
11/2s−1

1/2 has an average share of about 10%, except the
5− level is up to about 20%. The dominant configuration has
an obvious declination in this 5− level correspondingly.

E. Electromagnetic transition

The electromagnetic transition serves as the strict test for
the wave functions obtained from shell-model calculations.
The calculated results are compared with available experimen-
tal data for Eλ and Mλ transition in Te isotopes in Table I.
The standard effective charge of eπ = 1.5e (eν = 0.5e) is
used for the proton (neutron) during the present calculations.
With quenching factor 0.70, the g factors gπ

l = 1, gν
l = 0,

gπ
s = 3.910, and gν

s = −2.678 are used for magnetic transi-
tion. Noting that the g factor is sensitive to the two-body
interactions, we test the g factors in 134Te by comparing with
data in Ref. [14]. The g factor 0.68 of the 4+ level in this work
is within the experimental data ±0.70+0.55

−0.38. It is also close to
previous calculations, 0.72 [14] and 0.83 [15].

For the E2 transitions, overall agreement is obtained in the
nuclei 131–134Te with NCE. The average difference is the factor
1.24, while the largest difference is the factor 1.55 in 131Te
from 17/2− to 13/2−. However, the E2 transitions in 130Te
are not satisfactorily reproduced. For example the difference
is the factor 2.0 (2.4) for 2+ → 0+ (6+ → 4+). This could
be mainly due to the frozen cross-shell orbits. For example,
the E2 values will decrease on average to about 80% in 134Te
and about 70% in 132Te without NCE. Assuming the E2
value 7.467 W.u. in 130Te from 2+ to 0+ is only 75% of the
one within NCE, the difference will be the factor 1.52 with
the datum 14.9(5) W.u., which is close to the performance in
131–134Te.

The E1 transition from 7− to 6+ in 132Te provides accept-
able performance in the present work. The cross-shell orbit
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TABLE I. The theoretical electromagnetic transition probabili-
ties in 134,133,132Te and compared with the known experimental data
[19,20,22,25,30].

Transition τL Expt. (W.u.) Theor. (W.u.)

134Te
2+ → 0+ E2 5.1 (2) 4.773
4+ → 2+ E2 4.3 (4) 4.989
6+ → 4+ E2 2.05 (4) 2.342
(6+) → 6+ E2 0.541
(9−) → (6+) E3 8.2 (3) 7.512
(9−) → 6+ E3 3.80 (14) 1.071
133Te
(11/2−) → (3/2+) M4 4.7 (6) 9.81
(19/2−) → (15/2−) E2 2.56 (14) 2.829
132Te
2+ → 0+ E2 10 (1) 7.414
2+

2 → 2+
1 M1 3.02 (1.96) & (>0.128) 0.070

4+ → 2+ E2 6.588
6+ → 4+ E2 3.3 (2) 3.722
(8+) → 6+ E2 0.00306
(10+) → (8+) E2 1.05 (3) 0.745
(7−) → 6+ E1 2.56 × 10−9 (14) 5.399 × 10−9

(5−) → 4+ E1 2.898 × 10−6

(10+) → (7−) E3 5.674 × 10−3

131Te
(23/2)+ → (17/2)− E3 2.645 × 10−5

(23/2)+ → (19/2−) M2 1.9 × 10−6 1.612 × 10−4

(17/2)− → (13/2)− E2 3.5 (10) 2.255
(13/2)− → (11/2)− E2 8.125
(11/2)− → (3/2)+ M4 4.59 (12) 0.00338
130Te
2+ → 0+ E2 14.9 (5) 7.467
4+ → 2+ E2 10.266
6+ → 4+ E2 6.1 (3) 2.502

1 f7/2 is necessary for reproducing the E1 transition. Without
cross-shell orbits in the present model space, the E1 value
will be zero. For the E1 transition from 7− to 6+ in 132Te,
only about 1% of configurations in the two states contribute
to the tiny E1 transition, and a datum close to zero was ob-
served in experiment. This is direct evidence of neutron-core
excitations in this nuclei region. For the states involved in
the E1 transition listed in Table I, their wave functions have
about 1% percent of configurations including (1d5/2, 1 f7/2) or
(0g7/2, 1 f7/2), which may be coupled to the low-lying 1− spu-
riosities. With an effect of order 1/A (A, mass), such a spurious
center-of-mass problem can be neglected for the heavy nuclei
[38].

For the other transitions, the B(E3) from (9−) to 6+ is
smaller in comparison with experimental value 3.80 (14)
W.u. In 133Te, the theoretical value (9.81 W.u.) of the M4
transition from (11/2−) to (3/2+) has a difference of fac-
tor 2.1, comparing to datum 4.7 (6) W.u. In 132Te, a large
M1 value in experiment was obtained from (2+

2 ) to 2+
1 , and

the shell-model calculations reproduce the lower limit [25].
Also a smaller value is obtained for this M1 in the present
work. In 131Te, the transition rates from (23/2−) state to the

ground state 3/2+ via intermediate levels are calculated and
compared with experimental data. The datum 1580 keV was
suggested as (17/2)− with B(E3) = 0.0151(20) from (23/2+)
[30], while the theoretical E3 value is 2.645 × 10−5 W.u.
In Ref. [20], a (19/2−) state is measured around the energy
1580 keV, and the M2 multipolarity from (23/2)+ to this
level leads to B(M2) = 1.9 × 10−6 W.u. The present work
gets the value of 3.172 × 10−4 W.u. for this B(M2). On the
whole, our shell-model calculations with NCE provide sat-
isfactory descriptions of the electromagnetic transition in Te
isotopes.

III. CONCLUSION

We have performed large-scale shell-model calculations
with the extended pairing plus multipole-multipole force and
neutron-core excitations for the neutron-rich particle-hole nu-
clei in 131–134Te close to 132Sn. The main conclusions for the
present study are summarized as follows:

(1) The low-lying and high-energy states in 133,134Te can
be well described by coupling valence nucleons and
neutron-core excitations. The available experimental
data are reproduced well.

(2) Several multiplets with clear boundary are found in
133,134Te for both experiment and theory, and the low-
lying multiplets of the 133Te nucleus lie close to those
of 134Te.

(3) The higher core-excited states in 132,133Te are theo-
retically investigated for the first time in this work.
Except for the lowest 7/2+ level at about 2.7 MeV, all
core-excited states lie above 4.0 MeV in 133Te, which
is good evidence for the robustness of the N = 82 shell
closure. Experimental information about core-excited
states in 132,133Te are still rather limited. The predicted
results can provide guidance for the planning of future
experiments.

(4) In 132Te, the experimental data lying between 4 and
6 MeV correspond to configurations of πg2

7/2νh−2
11/2

and πg7/2d5/2νh−2
11/2 in the natural valence space. The

neutron-core excitation states are produced from 6.5 to
8.0 MeV with spin-parity Iπ = 14+ to 16+.

(5) The transition probabilities of E1, E2, E3, M2, and
M4 are calculated and compared with known experi-
mental data. The E1 transition in 132Te from 7− to 6+
was reproduced very well in the present work, which
provides direct evidence of neutron-core excitation in
this nuclei region.

(6) Due to the present descriptions of both energy levels
and electromagnetic transition, the present Hamilto-
nian provides overall agreement in the particle-hole
nuclei near doubly-magic 132Sn. The predictions will
be profitable for the prospective experiments in this
neutron-rich nuclei region.
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