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The 138Te and 140Xe nuclei have been reinvestigated using prompt γ-ray data from spontaneous
fission of 248Cm, collected with the EUROGAM2 Ge array. γ bands have been identified in both
nuclei. The γ band observed in 138Te, a nucleus with only 6 valence nucleons, indicates the presence
of collectivity very close to the doubly-magic 132Sn core. Such band is even more pronounced in
140Xe, the N=86 isotone of 138Te. The newly observed bands are interpreted within the shell model,
which reproduce well the γ collectivity at N=86.

PACS numbers: 23.20.Js, 23.20.Lv, 27.60.+j, 25.85.Ca

I. INTRODUCTION

One of the goals of nuclear structure studies is to search
for mechanisms creating the collectivity in atomic nu-
clei and understanding them in terms of the underlying
shell structure. Recently, both the calculations [1] and
the experiments [2, 3] indicated that quadrupole collec-
tivity can develop when just a few particles are added
to the 78Ni core. Four protons or neutrons in the va-
lence space allow for the realization of the pseudo-SU(3)
scheme which leads to deformed configurations, showing
also the possibility of K mixing, thus, of non-axial shapes.
One may ask if a similar effect should be present in

the vicinity of the doubly magic core 132Sn. Observation
of such phenomenon would enable drawing an analogy
between the two regions, similar to the known analogy
between the 132Sn and 208Pb core regions, and in this
way to learn more about the still enigmatic 78Ni core.
Following recent studies of γ collectivity around 78Ni

(see works [1–4] and references therein as well as an ear-
lier theoretical study [5]), we have searched for similar
effects in nuclei with a few valence nucleons outside the
132Sn core. The present paper reports on the first obser-
vation of γ bands close to the 132Sn core, found in the
138Te and 140Xe, N=86 isotones.
In Section II we describe the experiment and data anal-

ysis and present excitation schemes of 138Te and 140Xe.
In Section III the newly observed γ bands are interpreted
using the shell model. Section IV concludes the work.

II. EXPERIMENT AND DATA ANALYSIS

To search for new excitations in 138Te and 140Xe
we used multiple-γ coincidence data collected with the
EUROGAM2 Ge-detector array [6], in a measurement
of prompt γ radiation, following spontaneous fission of
248Cm. The experiment has been described previously
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FIG. 1: γ spectrum doubly gated on known 443.2- and 461.1-
keV lines of 138Te in the data from the 248Cm spontaneous
fission. Arrows indicate new lines in 138Te.

in a number of articles and we refer the reader to Ref. [7]
for more experimental details. The data have been sorted
within time window of 400 ns into 3D histograms of high
dispersion [8], which allowed further progress as com-
pared to an early analysis done for 138Te [9] and 140Xe
[10–12].

A. Level scheme of
138

Te

The identification of excited levels in 138Te was made
in Ref. [9], using mass correlation based on the analysis
of prompt-γ spectra gated on lines from complementary
fission fragments of ruthenium nuclei, produced in spon-
taneous fission of 248Cm. This was later confirmed in
Ref. [13] by another mass correlations. In the present
work we gated on the known lines of 138Te, reported in
Ref. [9] to search for new lines in this nucleus.
Figure 1 shows a γ spectrum, doubly gated on the
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FIG. 2: γ spectrum doubly gated on the known 759.9-keV
line and the new 389.3-keV line of 138Te, in the data from the
248Cm spontaneous fission.
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FIG. 3: γ spectrum doubly gated on the new 584.9-keV line
and the known 535.5-keV line of 138Te, in the data from the
248Cm spontaneous fission.

TABLE I: Properties of γ transitions in 138Te as observed in
the present work following spontaneous fission of 248Cm. The
Iγ values are in arbitrary, relatives units.

Eγ(∆Eγ) Iγ(∆Iγ) Eexc
init. Eγ(∆Eγ) Iγ(∆Iγ) Eexc

init.

(keV) (rel.) (keV) (keV) (rel.) (keV)
110.6(2) 2.4(3) 2199.7(3) 535.0(4) 3(1) 3208.8(5)
139.9(3) 0.6(2) 3208.8(5) 535.5(1) 48(5) 1439.8(3)
177.8(2) 1.8(4) 2199.7(3) 561.1(1) 3.8(3) 2760.8(4)
262.8(2) 2.6(4) 3471.6(6) 581.9(2) 8.5(7) 2021.8(3)
271.5(2) 1.8(4) 3743.1(7) 584.9(1) 8.8(7) 2673.9(3)
308.0(2) 3.4(4) 3068.8(4) 649.2(1) 19.0(9) 2089.0(3)
389.3(1) 3.5(4) 2589.0(4) 671.8(1) 2.1(4) 2760.8(4)
394.8(3) 0.7(3) 3068.8(4) 728.2(3) 1.3(4) 4471.3(8)
403.5(4) 1.0(3) 3471.6(6) 759.9(1) 5.8(3) 2199.7(3)
443.2(1) 85(7) 904.3(2) 869.9(2) 3.2(4) 1774.2(3)
461.1(1) 100(3) 461.1(1) 958.9(2) 1.6(4) 1863.2(3)
474.2(2) 1.8(3) 2673.9(3) 1094.3(4) 0.05(2) 2534.1(5)
479.7(2) 3.0(3) 3068.8(4) 1156.3(3) 0.07(3) 1617.4(4)
534.5(4) 0.5(3) 3743.1(7) 1247.7(3) 0.08(2) 2152.0(4)

g.s. 0+

461.1 2 +

904.3 4 +

1439.8 6 +

2089.0 8 +

2760.8 10 +

2199.7 8 +

2673.9 (10+)

3208.8 (12+)

3743.1 (14+)

4471.3

1617.4 3+,4+

1863.2 5+,6+

2021.8 7+

2589.0 (9+)

3068.8 (11+)
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FIG. 4: Level scheme of 138Te deduced in the present work.

443.2- and 461.1-keV lines of 138Te [9] in a triple-γ his-
togram. In the spectrum there are known lines of 138Te
[9] at 535.5, 649.2, 671.8 and 759.9 keV, known lines of
the complementary fragments 106Ru and 108Ru as well
as candidates for new lines in 138Te, seen at 389.3, 584.9,
869.9, and 1247.7 keV. A spectrum doubly-gated on the
389.3- and 759.9-keV lines, displayed in Fig. 2 shows new
lines at 139.9 and 479.7 keV and a spectrum in Fig. 3,
gated on the 535.5- and 584.9-keV lines shows new lines
at 262.8, 271.5, 394.8 and 728.2 keV. The 535.5-keV line
appears to be a triplet, as found in other gates. These
spectra and further gating allowed in the present work
the extension of the level scheme of 138Te as shown in
Fig. 4. In Table I we show properties of γ lines in 138Te,
populated in spontaneous fission of 248Cm, as seen in this
work.

A recent work [14] has reported low-spin excited levels
in 138Te, populated in β decay of 138Sb. In this work the
order of the 443.2- and 461.1-keV transitions has been
reversed, as compared to the order reported in Ref. [9],
introducing the 2+ level at 461.1 keV instead of 443.2
keV. We confirm the proposition of Ref. [14]. In the
108Ru nucleus, populated in fission of 248Cm as the most
abundant fission fragment complementary to 138Te (4n
channel), there is a 443-keV transition [15]. This tran-
sition not known at the time of 138Te analysis reported
in Ref. [9], artificially raises the intensity of the 443-keV
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TABLE II: Experimental angular correlation coefficients,
Ak/A0, and the corresponding mixing coefficients, δ, for γ

lines in 138Te, as obtained in the present work. “Sum” in-
dicates correlation of the γ line determined from a spectrum
being a sum of γ spectra gated on lines in the cascade below
the line of interest.

Cascade A2/A0 A4/A0 Spin δ(γ a)
Eγ

a - Eγ hypothesis
308.0 - Sum 0.075(43) 0.0159(70) 11→10 - Sum 0.25(9)
389.3 - Sum 0.010(19) 0.016(31) 9→8 - Sum 0.10(3)
461.1 - 443.2 0.101(8) 0.032(15) 4→2 - 2→0 0
535.5 - 443.2 0.107(10) -0.016(18) 6→4 - 2→0 0
581.9 - Sum -0.002(19) 0.017(28) 7→6 - Sum 0.11(3)

6→6 - Sum 0.67(8)
649.2 - 443.2 0.128(34) 0.034(52) 8→6 - 2→0 0
649.2 - Sum 0.099(19) 0.015(30) 8→6 - Sum 0
671.8 - Sum 0.118(71) -0.001(118) 10→8 - Sum 0
759.9 - Sum 0.102(31) 0.031(49) 8→6 - Sum 0
869.9 - Sum 0.215(35) -0.067(65) 5→4 - Sum -0.1(1)

aindicates γ transition for which the mixing has been determined

line seen in 138Te. The corrected intensity, shown in Ta-
ble I indicates that the 443.2-keV transition is weaker
than the 461.1-keV transition.

Crucial for the interpretation of the observed levels
are spin and parity assignments. In the present work we
have determined angular correlations for some of γγ cas-
cades, using techniques described in Ref. [7]. It is known
that an intermediate, stretched quadrupole transition in
a cascade does not change angular correlations. There-
fore, we used summed γ spectra which provided higher
count rates. We have also checked that all transitions ob-
served in 138Te in this work are of prompt character, with
the upper limit of lifetimes of excited levels seen here as
10 ns, which in some cases excludes M2 multipolarity, as
discussed below.

The results, shown in Table II, combined with the pre-
dominant population of yrast levels in fission fragment
nuclei [16] and the observed decay branchings, allowed
spin and parity assignments to levels in 138Te, as shown
in Fig. 4. Details of these assignments are discussed
below.

The assignments of spins I=2, 4, 6, 8 and 10 to the
461.1-, 904.3-, 1439.8-, 2089.0 and 2760.8-keV levels of
the ground-state band are consistent with the angular
correlations shown in Table II and the yrast-population
argument. The prompt character of the decays in the
cascade is consistent with their stretched E2 character,
thus positive parity of the discussed levels.

Angular correlations for the 759.9-keV line are consis-
tent with its stretched quadrupole character, thus spin
and parity 8+ of the 2199.7-keV level. Spin and parity
8+ is further confirmed by the 561.1-keV decay from the
2760.8-keV level, having spin and parity 10+.

For the 581.9-keV line angular correlations provide two
solutions, with spin either 6 or 7 for the 2021.8-keV level.

Spin 7 is favored by the low-energy decay from the 2199.7-
keV level to the 2021.8-keV level. The corresponding
mixing coefficient, δ=0.11(3), for the 581.9-keV transi-
tion indicates its M1+E2 multipolarity and, therefore,
positive parity of the 2021.8-keV level.
The angular correlation for the 389.3-keV line is con-

sistent with spin I=9 assignment to the 2589.0-keV level.
The non-zero mixing coefficient of the 389.3-keV transi-
tion suggests its M1+E2 multipolarity, thus positive par-
ity for the 2589.0-keV level.
The angular correlation for the 308.0-keV line is consis-

tent with spin I=11 assignment to the 3068.8-keV level.
The non-zero mixing coefficient of the 308.0-keV transi-
tion suggests its M1+E2 multipolarity, thus positive par-
ity for the 3068.8-keV level.
The yrast population argument and the prompt char-

acter of the 139.9-, 403.5-, 262.8-, 271.5- and 534.5-keV
decays suggest positive parity and spins 12, 13 and 14 for
the 3208.8-, 3471.6- and 3743.1-keV levels, respectively.
The angular correlation for the 869.9-keV line is con-

sistent with the 5+ or 6+ spin and parity assignment to
the 1774.2-keV level (large, positive anisotropy excludes
Iπ=5− assignment).
Considering the observed decay branches, the yrast

population argument, and the prompt character of the
observed decays, we tentatively propose spin 3 or 4+ for
the 1617.4-keV level, spin 5 or 6+ for the 1863.2-keV
level, spin 5 or 6+ for the 2152.0-keV level and spin 7 or
8+ for the 2534.1-keV level.
The observation of the 1617.4-keV level (1615.3-keV

in Ref. [14]) and the non-observation of other, non-yrast
levels reported in Ref. [14] favors spin 4+ for the 1617.4-
keV level and spins 2+ or 3+ for other non-yrast levels
reported in Ref. [14].
It should be noted, that the arrangement of levels into

bands, as shown in Fig. 4, is somewhat arbitrary, espe-
cially for levels with two possible spin values or the two
10+ levels. This is discussed further in Section III.

B. Level scheme of
140

Xe

Over twenty yrast excitations in the 140Xe fission frag-
ment, well populated in spontaneous fission of 248Cm,
have been reported by Bentaleb et al. [10], using the
EUROGAM1 array. These results have been confirmed
and extended in a study of 252Cf fission [11], where an
octupole band in 140Xe was suggested. The subsequent
measurement of 248Cm, made with the EUROGAM2, has
confirmed that the side bands in 140Xe, reported in Refs.
[10, 11], is an octupole band [12]. We now use the same
data set with improved analysis techniques to explain
the nature of other side bands in 140Xe, reported in Refs.
[10, 11].
Figure 5 shows γ spectrum doubly gated on the two

highest 747.1- and 760.2-keV lines in the ground-state
band of 140Xe, reported in Ref. [12], illustrating the qual-
ity of the data.
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FIG. 5: γ spectrum doubly gated on the known 747.1- and
the new 760.2-keV lines of 140Xe in the data from the 248Cm
spontaneous fission.

The new level scheme of 140Xe, as obtained in this work
is shown in Fig. 6 and the properties of γ transitions of
140Xe are listed in Table III, where we give precise energy
values, which are rounded to one digit after the decimal
point in Fig. 6, to simplify the complex drawing.
In Table IV we show the results of angular-correlation

measurement made with the EUROGAM2 array for γ
lines of 140Xe. Due to high population of 140Xe in
fission of 248Cm, the accuracy of these correlations is
high, as illustrated in the top five rows of the table.
In the first three rows we show angular correlations for
the 376.7-, 457.8- and 582.4-keV lines, corresponding to
the strongest quadrupole transitions in 140Xe. The cor-
relations have been obtained from a γ spectrum, de-
noted Sum3, which is a sum of three spectra, gated
on these three lines. The theoretical Ak/A0 coefficients
in a cascade of two stretched, quadrupole transitions is
A2/A0=0.102 and A4/A0=0.009, in excellent agreement
with the experimental coefficients for the 376.7-, 457.8-
and 582.4-keV transitions. In addition, we show in the
next two rows angular correlations, found in the same
Sum3 spectrum, for lines of the complementary 108Mo
fission fragment. As expected, the anisotropy is zero.
Below we briefly describe how the excitation scheme of

140Xe has been constructed and discuss spin and parity
assignments in this nucleus.
Angular correlations confirm the stretched quadrupole

multipolarity of transitions in the ground-state band up
to spin I=12. Angular correlation of the 607.3-keV tran-
sition is affected by the the 606.0-keV transition. For the
728.3-keV transition we can not exclude its ∆I=1 char-
acter, which is, however less likely, considering very large
mixing ratio corresponding to this solution.
The level at 2933.2 keV, proposed previously in Ref.

[11], most likely has spin I=10, as concluded from its
decay and feeding branches but the parity could not be
deduced in the present work.
We confirm the octupole band, reported in Ref. [12],

adding the 732.8-keV transition at the top of the band

g.s. 0+
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3269.9 12+
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FIG. 6: Partial level scheme of 140Xe deduced in the present
work.

and the 280.9-, 313.3-, 459.0- and 479.6-keV decays off
the band. The present angular correlations for the 752.9-
, 767.9- and 937.0-keV decays of the 2736.4-, 2184.8- and
1771.6-keV levels, respectively, confirm spin and parity
assignments of 9−, 7− and 5− to these levels, respectively,
with higher accuracy than Ref. [12].
Two side bands in 140Xe, reported in Ref. [10], based

on the 1304.3- and 1725.3-keV levels, respectively, have
been rearranged due to new transitions of 280.9, 332.5,
350.0, 376.8, 446.6, 459.0, 470.1, 479.6, 694.3, 709.4,
738.7, 842.6, 855.5 keV and 981.9 keV, observed in the
present work. We propose that the two side bands form
one band of levels interconnected by low-energy transi-
tions.
The angular correlation for the 738.6-keV transition

indicates spin 4 or 5 for the 1573.1-keV level. For
spin 6 hypothesis there is no solution. The large posi-
tive anisotropy and large mixing coefficient excludes an
Iπ=5− assignment to this level. The prompt-γ, 156.3-
keV decay from the 1573.1-keV level to the 6+, 1416.9-
keV level makes spin I=4 assignment unlikely. With spin
I=4 a quadrupole decay of 1196.4 keV to the 376.7-keV
level should be much stronger than the quadrupole de-
cay of 156.3 keV to the 1416.9-keV level, which is not the
case (the 1196.4 keV transition is not seen in this work).
This leaves the unique spin and parity assignment of 5+

to the 1573.1-keV level. Figure 7 illustrates the angular-
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TABLE III: Properties of γ transitions in 140Xe as observed
in the present work in the spontaneous fission of 248Cm. The
Iγ values are in arbitrary, relatives units.

Eγ(∆Eγ) Iγ(∆Iγ) Eex
init. Eγ(∆Eγ) Iγ(∆Iγ) Eex

init.

(keV) (rel.) (keV) (keV) (rel.) (keV)
156.3(1) 0.32(5) 1573.1 570.55(10) 1.5(2) 3159.7
197.8(2) 0.3(1) 2933.2 582.44(5) 54(2) 1416.9

228.70(7) 0.9(1) 1954.6 606.0(3) 3(1) 2589.1
258.5(2) 0.2(1) 1771.6 607.25(5) 18(1) 2590.8

268.60(6) 0.9(1) 1573.1 621.2(1) 1.7(2) 4434.2
273.24(6) 1.2(1) 2256.7 634.50(5) 5.9(4) 2589.1

280.92(21) 0.4(2) 3246.7 655.3(3) 0.7(1) 3246.7
302.22(9) 0.5(1) 2256.7 679.11(5) 6.7(3) 3269.9
309.10(5) 4.0(2) 1725.9 692.6(1) 1.3(2) 3283.4
313.3(2) 0.3(1) 3246.7 694.26(6) 1.6(2) 3283.4
332.5(2) 0.2(1) 2589.1 709.40(15) 0.7(2) 2965.9
350.0(4) 0.2(1) 3283.4 728.25(6) 1.6(2) 3998.2

376.66(5) 100(3) 376.7 732.80(8) 0.9(1) 5167.0
376.8(2) 0.3(1) 2965.9 738.64(5) 10.6(5) 1573.1

381.48(5) 8.2(4) 1954.6 738.7(3) 0.2(1) 3704.6
384.45(15) 0.3(1) 3159.7 747.13(9) 0.32(5) 4745.3
413.20(7) 1.5(1) 2184.8 752.85(5) 2.6(2) 2736.4
446.6(1) 0.5(1) 3730.1 760.22(24) 0.17(4) 5505.5

457.78(5) 87(3) 834.5 767.92(5) 5.0(2) 2184.8
459.0(2) 0.3(1) 2184.8 820.68(7) 1.6(2) 2775.3

470.10(9) 0.9(2) 1304.6 839.79(7) 1.5(2) 2256.7
479.55(8) 2.0(2) 2736.4 842.6(1) 0.4(1) 4125.9
510.30(6) 5.5(5) 3246.7 855.5(3) 0.2(1) 4125.9

530.55(12) 1.1(2) 2256.7 891.20(7) 3.2(2) 1725.9
537.70(5) 4.1(2) 1954.6 927.90(9) 2.6(2) 1304.6
543.0(3) 0.2(1) 3813.0 937.03(5) 3.7(2) 1771.6

551.64(5) 5.1(3) 2736.4 949.70(6) 0.9(1) 2933.2
566.25(7) 2.4(3) 3813.0 981.9(2) 0.31(5) 2965.9
566.64(5) 35(1) 1983.5 1066.3(3) 0.2(1) 1433.0
569.9(2) 0.3(2) 3730.1 1136.52(15) 1.2(2) 1513.2

correlation analysis for the 738.6-Sum cascade with spin
I=5 hypothesis for the 1573.1-keV level.
Analogous analysis performed for the 927.9-keV transi-

tion gives spin and parity assignment of 3+ to the 1304.6-
keV level. Here, the angular correlation for the 927.9-
keV transition allows spin 2 or 3, while the correlation
for the 470.1-keV transition allows spin 3 or 4, leaving
spin 3 as the only common solution for the 1304.6-keV
level. Clearly, the non-zero mixing coefficient indicates
an M1+E2 character of both transitions, thus positive
parity for this level.
The angular correlation for the 891.2-keV transition

allows spin 5 or 6 for the 1725.9-keV level. For I=5 solu-
tion the large mixing coefficient indicates positive parity
for this level. However, in this case the 459.0-keV de-
cay from the 7−, 2184.8-keV level should have an M2
multipolarity, consistent only with a microsecond partial
halflife for this decay. Because this is not observed we
reject I=5 spin assignment. Thus spin of the 1725.9-keV
level is I=6. Positive parity is indicated by the angular
correlation of the 309.1-keV transition and its M1+E2
multipolarity.

TABLE IV: Experimental angular correlation coefficients and
the corresponding mixing coefficients, δ, for γ transitions in
140Xe, as obtained in the present work. “Sum” indicates cor-
relation of the γ line determined from a spectrum being a sum
of γ spectra gated on γ lines in the cascade below. “Sum3”
indicates correlation of the γ line determined from a spec-
trum being a sum of γ spectra gated on the 376.6-, 457.6-
and 582.4-keV γ lines.

Cascade A2/A0 A4/A0 Spin δ(γ a)
Ea

γ - Eγ hypothesis
376.7 - Sum3 0.104(2) 0.012(3) 4→2 - Sum3 0
457.8 - Sum3 0.104(5) 0.007(7) 4→2 - Sum3 0
582.4 - Sum3 0.103(5) 0.022(8) 4→2 - Sum3 0
192.3 - Sum3 0.004(6) 0.007(9) 4→2 - Sum3
369.0 - Sum3 0.003(5) -0.002(7) 4→2 - Sum3
309.1 - Sum 0.204(5) -0.012(8) 6→6 - Sum 0.48(4)

5→6 - Sum -0.23(2)
381.5 - 738.6 0.126(5) -0.009(8) 7→5 - 5→4 0
738.6 - 381.5 0.126(5) -0.009(8) 7→5 - 5→4 0.51(3)
457.8 - 376.7 0.104(5) 0.007(7) 4→2 - 2→0 0
470.1 - Sum -0.045(13) 0.003(22) 2→4 - Sum No solut.

3→4 - Sum -0.11(2)
4→4 - Sum 0.67(5)

566.6 - Sum 0.100(4) 0.017(7) 8→6 - Sum 0
582.4 - 457.8 0.104(6) 0.015(9) 6→4 - 4→2 0
607.3 - Sum 0.060(4) 0.043(8) 12→10 - Sum 0
634.5 - 381.5 0.099(13) 0.037(22) 9→7 - 7→5 0
679.1 - Sum 0.091(10) -0.012(16) 12→10 - Sum 0
728.3 - Sum 0.064(14) -0.119(24) 14→12 - Sum 0

13→12 - Sum 3.0(3)
738.6 - Sum 0.189(5) -0.017(8) 4→4 - Sum -0.03(2)

5→4 - Sum 0.50(2)
6→4 - Sum No solut.

738.6 - 381.5 0.125(8) -0.010(11) 5→4 - 7→5 0.51(2)
752.9 - Sum -0.066(11) 0.016(17) 9→8 - Sum 0.007(14)
767.9 - Sum -0.065(9) -0.008(16) 7→6 - Sum 0.01(2)
891.1 - Sum 0.100(35) 0.065(58) 6→4 - Sum 0

5→4 - Sum 0.28(7)
927.9 - 376.7 0.254(23) 0.058(43) 2→4 - 2→0 -0.01(3)

3→4 - 2→0 0.61(15)
4→4 - 2→0 No solut.

937.0 - Sum -0.062(14) -0.005(23) 5→4 - Sum 0.02(2)

aindicates γ transition for which the mixing has been determined

The angular correlation for the 381.5-738.6-keV cas-
cade indicates uniquely a stretched quadrupole character
of the 381.5-keV transition, thus, spin and parity 7+ for
the 1954.6-keV level, when the mixing coefficient, δ=0.50
obtained above, is adopted for the 738.6-keV transition.
To check the consistency of these angular correlation we
have performed an analysis for the 738.6-381.5-keV cas-
cade assuming a stretched quadrupole character for the
381.5-keV transition and searching for the mixing coeffi-
cient, δ of the 738.6-keV transition. The analysis shown
in Fig. 8 agrees well with the result in Fig. 7, giving δ
=0.51.

The angular correlation for the 634.5-381.5-keV cas-
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FIG. 7: Angular correlation analysis for the 738.6-Sum cas-
cade in 140Xe with spin I=5 hypothesis for the 1573.1-keV
level. Blue box in figure (a) represents the experimental data
point with errorbars, while the green dots indicate solutions
for Ak/A0 and δ coefficients. Figure (b) shows the associated
Chi-square plot.
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FIG. 8: Angular correlation analysis for the 381.5-738.6-keV
cascade in 140Xe with spin I=7 hypothesis for the 1954.6-keV
level.

cade, is consistent with both transitions being stretched
quadrupoles, supporting spin and parity 9+ for the
2589.1-keV level.

For the 2256.7- and 2965.9-keV levels, tentative 8+

and 10+ spin and parity assignments are proposed, re-
spectively, considering the observed feeding and decay
branches, the prompt character of the observed transi-
tions and using the yrast- population argument.

The new 1433.0-keV level may have spin 3 or 4, con-
sidering its decay.
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FIG. 9: Systematics of a) negative-parity and b) positive-
parity levels in even-Z, N=86 isotones. Parentheses indicate
tentative spin-parity assignments of Iπ=3− to the 1292.2-keV
level in 142Ba, Iπ=4+ to the 1433.0-keV level in 140Xe and
Iπ=4+, 5+ and 6+ to the 1648.0-, 1774.2- and 1863.2-keV
levels in 138Te, respectively. The data are taken from this
work and Refs. [12, 17, 18]. Lines are drawn to guide the eye.

III. DISCUSSION

A. Excitations in N=86 isotones

Till now the collective structure closest to the 132Sn
core was the octupole band in 140Xe [12]. Such bands
develop quickly when particles are added to the low-spin
member of the ∆I=3, ∆π=-1 pair of orbitals (νg7/2 or

πd5/2 in the 132Sn region). Figure 9(a) shows the sys-
tematics of known negative-parity levels in even-Z, N=86
isotones, associated with octupole bands in the even-Z,
N=86 isotones [12, 17, 18].

In 140Xe the octupole band is well developed while the
existing data do not provide any evidence for an octupole
band in 138Te. However, the present work indicates pos-
sible quadrupole collectivity present in 138Te. The trend
shown in Fig. 9(b) by filled squares, representing ground-
state-band levels, varies smoothly from 150Gd down to
138Te. Excitation energies of these levels are characteris-
tic of collective vibrations, with the maximum collectiv-
ity around 142Ba, when judged by excitation energies. It
is only the 136Sn nucleus, where the pattern of 2+1 , 4

+
1

and 6+1 levels is different, being characteristic of single-
particle excitations, corresponding to breaking of the f7/2
neutron pair.

Furthermore, open squares in Fig. 9(b) indicate an-
other family of positive-parity levels, comprising both
even- and odd-spin values. Such a sequences with low-
lying 3+, 5+ and 7+ levels is characteristic of a γ band, as
observed recently around the 78Ni core [1, 3, 4]. In 140Xe,
where we have identified low-lying, 3+, 5+ and 7+ levels
(see Fig. 6), there is a well developed candidate for a γ
band (the 4+ member of this band still to be confirmed).
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FIG. 10: Experimental positive-parity excitations in 138Te
compared to the shell-model calculations performed in the
present work. Experimental and calculated data are normal-
ized at the ground state.

The excitation scheme of 138Te, where we have uniquely
assigned spin and parity 7+ to the 2021.8-keV level (see
Fig. 4), reveals an analogous band, which we propose as
a candidate for a γ band. This and the collective charac-
ter of the ground state band discussed above, indicates
the presence of quadrupole collectivity in 138Te, only two
protons and four neutrons away from the 132Sn core.
A word of caution is in order, concerning the candidate

for a γ band in 138Te. As seen in Fig. 4, the (9+) level
at 2589.0 keV does not decay to the 7+ level at 2021.8
keV, which suggests that the two levels may belong to
different structures. In Fig. 9 b) there is an indication of
a possible mixing around spin 8+ (the repulsion between
the 8+ levels). It is possible that the low-spin part of the
band belongs to a γ- unstable structure, while around
spin 8 this structure mixes with a two-quasiparticle con-
figuration (for example ν(f7/2, h9/2)8+).

B. Shell-model calculations for
138

Te and
140

Xe

To verify the proposed interpretation of the
positive-parity structure observed in 138Te and
140Xe we have performed large-scale, shell-model
calculations in a valence space comprising pro-
ton (1g9/2, 1g7/2, 2d5/2, 2d3/2, 3s1/2) and neutron
(1h11/2, 1h9/2, 2f7/2, 2f5/2, 3p3/2, 3p1/2, 1i13/2) orbitals,
with the closed π1g9/2 and ν1h11/2 shells (no excitations

of the 132Sn core). Effective interaction is based on a
realistic N3LO potential, smoothed via Vlowk procedure
and adapted to the model space by many-body pertur-
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FIG. 11: Experimental positive-parity excitations in 140Xe
compared to the shell-model calculations performed in the
present work. Experimental and calculated data are normal-
ized at the ground state.

bation techniques. Empirical corrections to the realistic
potential were applied to reproduce the low lying levels
of N = 83, 84 isotones. The diagonalization of the shell
model matrices has been preformed using the codes
ANTOINE and NATHAN [19, 20]. In the calculations
of E2 transition rates, the polarization charge 0.5e has
been used (partial results are discussed in Ref. [21]
where further details of the calculations can be found).

The calculated excitation energies for both 138Te and
140Xe nuclei are compared to the respective experimen-
tal levels in Figs. 10 and 11. In these figures we
also show γ decay branches of excited levels in 138Te
and 140Xe, schematically classified as weak, medium and
strong (thin, medium-thick and thick arrows represent-
ing branches of 0-10%, 10-30% and over 30% intensity,
respectively). Precise values of calculated electromag-
netic moments in both nuclei are shown in Table V. As
in case of nuclei above the 78Ni core [1, 2, 4], the de-
formation properties of nuclei above the 132Sn core have
been also estimated from the pseudo-SU(3) model and
are discussed in the text.

In 138Te the assignmen of the first and second 10+ lev-
els to the yrare and yrast bands, respectively is, to some
extend, arbitrary. In Fig. 10 there is a link in the ex-
perimental scheme between the 12+ and the 10+ levels
of the yrare band, which we want to maintain. With the
second 10+ level in the yrare band this link would be ab-
sent, creating a discontinuity in the yrare band between
the 2760.8-keV, 10+ and the 3208.8-keV, (12+) levels.
On the other hand, the second 10+ level in the calcu-
lated scheme of 138Te decays to the 9+ level, suggesting



8

TABLE V: Excitation energies, B(E2) transition rates (in
e2fm4), quadrupole moments Q (in efm2), and deformation
β, in 138Te and 140Xe, as obtained from the shell-model in this

work. Q
a)

0 moments are obtained from Qspec values and Q
b)

0

moments are estimated from calculated B(E2) values within
the collective model.

Nucleus Jπ E∗ B(E2) B(E2) Qspec Q
a)

0 Q
b)

0 β

(MeV) J→J-1 J→J-2

138Te 2+ 0.41 507 -45 157 160 0.10
4+ 0.81 731 -61 168 160 0.11
6+ 1.35 746 -66 166 154 0.11
8+ 1.99 686 -73 174 145 0.10

10+ 2.58 561 -79 182 129 0.10

2+2 1.36 38
3+ 1.52 770 -3.4
4+2 1.49 24 43 37
5+ 1.75 278 243 4.7
6+2 1.69 246 71 -12
7+ 2.05 4 222 -61

140Xe 2+ 0.3 1023 -61 214 227 0.14
4+ 0.72 1468 -79 216 227 0.14
6+ 1.33 1592 -77 192 225 0.13
8+ 1.99 1481 -73 173 213 0.12

10+ 2.68 1341 -82 187 200 0.12

2+2 0.95 62
3+ 1.11 1898 -2.2
4+2 1.25 1331 602 -40
5+ 1.44 979 963 -58
6+2 1.65 759 1012 -83
7+ 1.89 468 1101 -85

the assignment of the second 10+ to the yrare band. This
ambiguity happens in a region of a crossing of the two
bands, where the two 10+ levels are most likely mixed,
as indicated by their decays to both 8+ levels.

Otherwise, there is an overall agreement between the-
ory and experiment for near-yrast structures of 138Te and
140Xe nuclei. Both, excitation energies and the majority
of decay branches seen in the experiment are well repro-
duced by the shell model. One should also note that the
calculated B(E2; 2+ → 0+) and B(E2; 4+ → 2+) values
in 140Xe of 24 W.u. and 34 W.u., respectively, match
well the experimental ones of 24.9(8) W.u. and 40(9)
W.u. reported in Ref. [22].

As can be seen in Table V, the yrast cascade in 138Te
is characteristic of a collective band, with rather con-
stant intrinsic quadrupole moments, Q0, obtained from
the spectroscopic moments and B(E2) transition rates
(see Eqs. 9 and 10 of Ref. [1]), up to spin 6+. We
ascribe to this band a modest deformation parameter
β=0.1. Alternatively, the intrinsic deformation can be
estimated by applying the formalism from the multiple-
Coulomb-excitations analysis of the E2 matrix elements
calculated presently with the shell model (see Sec. II.A

of Ref. [1] and Ref. [23] for details). Using equations 1-3
from Ref. [1] one obtains the intrinsic quadrupole mo-
ment of 167 efm2 for the ground state of 138Te, close to
the estimate from the collective model, as shown in Ta-

ble V in columns marked Q
a)
0 and Q

b)
0 . However, both

Q
a)
0 and Q

b)
0 are lower than the pseudo-SU(3) limit of

Q0=184 efm2, predicted with 2 protons in the pseudo-
gds shell and 4 neutrons in the pseudo-pf shell. This
comparison shows that 138Te has not yet reached the ro-
tational limit.
In 140Xe, two more protons added to the g7/2 and d5/2

shells enhance the collectivity, as compared to 138Te,
which can be seen in Table V. The equality of in-
trinsic quadrupole moments, Q0, calculated from Qspec

and B(E2) values, respectively, allows to assign the de-
formation parameter β=0.14 to the ground-state band
of 140Xe. The moments obtained within the collec-
tive model are rather constant for the lower part of the
ground-state band, corresponding to transition rates of
the order of 20-30W.u. The intrinsic quadrupole moment
of the ground state calculated from E2 matrix elements
yields 232 efm2, which agrees well with values presented
in Table V and approaches closely the pseudo-SU3 esti-
mate of 233 efm2.
A characteristic feature of a γ band is a low-lying 3+

level. This has been predicted [1] and observed [4] in the
vicinity of the 78Ni core and is now evidenced in the 132Sn
region due to the unique assignment of the 3+ spin and
parity to the 1304.6-keV level in 140Xe. Indeed, in both
138Te and 140Xe, the shell model predicts development
of γ bands. Strong B(E2;3+ → 2+2 ) transition rates as
well as the quadrupole moments of the 2+1 and 2+2 levels
of nearly equal values and opposite signs indicate triax-
iality in both nuclei. Especially in 140Xe the enhanced
collectivity leads to a distinct γ band, seen in Fig. 11
as a sequence of states, connected by strong transitions,
with B(E2;3+ → 2+2 ) of 44 W.u. The (β, γ) deformation
parameters estimated from the calculated E2 matrix ele-
ments within the aforementioned method from Ref. [23]
are (0.11, 9o) and (0.15, 15.5o) for the ground state of
138Te and 140Xe, respectively, supporting stronger col-
lectivity and non-axiality in 140Xe as compared to 138Te.
We note that the 1323.4-keV, (2+) level in 138Te, re-

ported in Ref. [14] is well reproduced in our calculations
and there are also experimental candidates in Ref. [14]
for the 3+ level, calculated at 1521 keV.

IV. CONCLUSIONS

In summary, we have observed for the first time exci-
tations corresponding to γ collectivity close to the 132Sn
core. New excited levels found in the N=86 isotones 138Te
and 140Xe can be interpreted as members of γ bands. A
γ band is clearly present in 140Xe where we uniquely as-
signed spin and parity of Iπ=3+, Iπ=5+ and Iπ=7+ to
the 1304.6-, 1573.1- and 1954.6-keV levels, respectively.
In 138Te, the Iπ=7+ assignment to the 2021.8-keV level
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allows to proposed an analogous γ band due to similari-
ties between excitation schemes of 138Te and 140Xe.The
collectivity observed in the ground-state band and in the
proposed γ band of the 138Te nucleus, having only two
valence protons and four valence neutrons, is the closest
such an effect to the 132Sn doubly-magic core.
The proposed interpretation is supported by large-

scale, shell-model calculations performed in this work for
138Te and 140Xe. The calculations reproduce well the
structure of excitations in the two nuclei and the collec-
tivity in both, the ground-state cascades and the new γ
bands. The evolution of the collectivity in the 132Sn re-
gion is sensitive to the single-particle splitting, especially
between the d5/2 and g7/2 proton orbital. Therefore, the
present study can serve as a benchmark for the shell-
model parameterization in this region.
It is of interest to verify further the degree of col-

lectivity close to the 132Sn core as well as the possible
coexistence and mixing of collective and single-particle
structures in these nuclei. The 4+, 5+ and 6+ spin and

parity assignments to the respective 1617.4-, 1774.2- and
1863.2-keV levels in 138Te should be confirmed. One
should also explain the trend of the excitation energies
in γ bands of the N=86 isotones, seen in Fig. 9 (b). It
is changing at 140Xe, which may indicate mixing around
spin 8+ between single-particle and collective structures,
especially in 138Te. Finally , it is important to uniquely
identify low-spin members of γ bands in 138Te, 140Xe and
to search for γ bands in heavier N=86 isotones.
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