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Nuclear structure of the odd-odd N = 85 neutron-rich nucleus 140Cs
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High-spin excited states in the neutron-rich nucleus 140Cs were re-investigated from the spontaneous fission
of 252Cf with the Gammasphere detector array. Seven new transitions at low and moderate spin and 13 at high
spin were observed in 140Cs and the level scheme of 140Cs was extended to 3794 keV with a new sideband.
Spins and parities were assigned to levels based on angular correlation measurements and the systematics in the
N = 85 isotones.
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The odd-odd neutron-rich nucleus 140Cs (Z = 55, N = 85)
has three neutrons outside the N = 82 closed shell and is
close to the octupole deformation region centered on Z = 56,
N = 88 [1–5]. The β decay [6] and fission of 252Cf [7] were
used to populate excited states in 140Cs. Many transitions at low
excitation energy were observed in the β decay of 140Xe [6]. A
few high-spin levels were identified in the spontaneous fission
of 252Cf by Hwang et al. [7]. In this work, we report a new
level scheme of 140Cs based on the results of Hwang et al. with
seven new transitions at low and moderate spin and 13 at high
spin. The new structure may be related to octupole excitations.

Data for the present work were obtained by using the
Gammasphere detector array with 101 detectors at Lawrence
Berkeley National Laboratory. A 252Cf spontaneous fission
source of a 62 µCi α activity was placed between two
10 mg/cm2 Fe foils. A total of 5.7 × 1011 triple and higher fold
γ -ray coincidence events were collected. Data were analyzed
with the RADWARE software package [8]. A newly devel-
oped technique for measuring angular correlations with the
Gammasphere detector array by sorting our high statistics data
into 17 angle bins was used here to assign spins and parities to
excited states in 140Cs. More details of this technique can be
found in Ref. [9].

The level scheme of 140Cs proposed by Hwang et al. [7]
was solely based on the observation of the 80.1 keV transition,
which was also found in the previous β-decay studies [6].
Here, a measurement was performed to firmly determine the
mass number of the transitions in Ref. [7], as used in our
recent reports [10,11]. In the 595.5/475.2 keV (139Cs) [10],
594.6/640.9 keV (140Cs) [7], 369.5/481.0 keV (141Cs) [7], and
205.4/404.7 keV (142Cs) [7] double gates, the fission yield
ratios of the 292.6 keV transition in 107Tc [7,12,13] to the
154.1 keV transition in 108Tc [7,14] were measured to be
0.10(1), 0.16(2), 0.31(4), and 0.47(7), respectively. The varia-
tions of these ratios follows those of similar ratios of 105Mo to
106Mo in 141–144Ba double gates [6], which confirms that the
mass number for the 640.9 → 594.6 keV cascade is 140.

The level scheme of 140Cs reported in Ref. [7] is extended
with a sideband in the present work. One coincidence

spectrum, created by double gating on the 80.1 and 563.5 keV
transitions [7], is shown in Fig. 1. In addition to the previously
observed transitions in Tc isotopes [7,12–15] and 140Cs [7],
one sees five new transitions of energies 35.5, 54.8, 90.3, 551.2,
and 552.6 keV, the latter two forming a doublet peak in Fig. 1.
To further confirm the existence and positions of the above
five new transitions, two spectra were obtained, as presented
in Fig. 2, where the gate transitions are indicated as well.
Figure 2(a), gated on the known 594.3 and 640.9 keV transi-
tions in 140Cs in Ref. [7], shows the coincidence relationship
among the known transitions in 107,108,109Tc [7,12–14], 140Cs
[7], and the newly observed transitions, for example, the 35.5,
54.8, 90.3, 472.5, and 702.2 keV transitions. The spectrum,
gated on the new 551.2 in Fig. 1 and known 563.6 keV
transitions in Ref. [7], is given in Fig. 2(b), where the
newly identified transitions of energies 35.5, 552.6, 652.6, and
876.5 keV are seen. Note that the new 54.8 keV transition seen
in Fig. 2(a) is not found in Fig. 2(b). This observation is very
important for us to place newly observed transitions in the level
scheme. All of the new transitions are marked with an asterisk
in the above spectra. Careful cross checking of numerous
coincidence spectra leads to the final transition identifications
and placements in the 140Cs nucleus. Eight new excited levels
with 13 new de-exciting transitions at high spin and three
new excited levels with seven new de-exciting transitions at
low and moderate spin are observed in the present work. The
level scheme established here is presented in Fig. 3, where
excited states are extended up to 3794 keV with a new sideband
(band 3).

Angular correlations were measured for some strong
transitions in Fig. 3 by using the method described in Ref. [9].
This method was successful in assigning spins and parities in
134I and 139Cs in our recent reports [10,11]. The measured
A2 and A4 values are 0.096(17) and −0.005(25) for the
640.9 → 594.3 keV cascade and −0.087(28) and −0.005(42)
for the 454.7 → 594.3 keV cascade, respectively, which are
consistent with the theory of �I = 2 character for the 594.3
and 640.9 keV transitions and �I = 1 character for the
454.7 keV transition [16]. We argue that the 594.3 and
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FIG. 1. Coincidence spectra gated on the 80.1 and 563.5 keV
transitions [7]. The new transitions are marked with an asterisk.

640.9 keV transitions have a stretched E2 multipolarity, as
commonly observed in fission products. From its mixing ratio
as 0.07+0.14

−0.13 or 4.4+6.0
−1.8 [17], the 454.7 keV transition can be E2,

M1, or E1. Based on the spin-parity assignments of levels in
138I [18], an N = 85 isotone having a very similar structure to
140Cs, we suggest that band 1 and 2 have the same parity, which
yields an essentially E2 or M1 multiporlarity for the 454.7 keV
transition. Consequently, other cascade transitions in bands 1
and 2 are proposed to be stretched E2, whereas the linking
transitions are E2 + M1. This will make the multipolarity of
the 54.8 keV transition as M1 + E2. However, since αT ≈ 17
for this 54.8 keV transition [19], it must be essentially M1.
As will be discussed in the following, the very probable Iπ

assignments for the 249.7 and 194.9 keV levels are 7− and 6−,

respectively. A further comparison of the level patterns of 138I
and 140Cs, as discussed in the following, allows us to assign
spin parity to other low-lying levels. Spins are assigned to
levels in band 3, assuming that the 702.2, 472.5, and 308.1 keV
transitions are of �I = 1 character and the cascade transitions
are of a �I = 2 nature. For the remaining three levels,
their spins and parities cannot be assigned from the present
experimental data. No further discussion is in order.

High-spin states were observed in odd-odd N = 85 iso-
tones, such as 138I (Z = 53), 146Pm (Z = 61), and 148Eu (Z =
63), in which high-spin levels are built on the (3−), 9+, and
9+ isomers, respectively [18,20,21]. In the latter two nuclei,
levels in the 13+ → 11+ → 9+ cascade are members of the
π (1h11/2)π (2d5/2)−2

0 ν(2f7/2)3
7/2,11/2,15/2 multiplet, whereas

those in the 14+ → 12+ → 10+ cascade are members of the
π (1h11/2)π (2d5/2)−2

0 ν(1h9/2)ν(2f7/2)2
0,2,4 multiplet. These

two cascades are connected by �I = 1 (M1 + E2) linking
transitions. 138I also has two �I = 2 cascades, (11−) →
(9−) → (7−) and (12−) → (10−) → (8−) → (6−), connected
by �I = 1 (M1 + E2) transitions [18]. The (6−) and (7−)
in 138I were interpreted as members of the [π (g7/2)ν(f7/2)]j

multiplet in semi-empirical calculations in Ref. [18], though
the πd5/2 orbital may significantly contribute to the wave
functions of the levels in the (12−) → (10−) → (8−) → (6−)
cascade in the shell-model calculations [18]. It is very
interesting that the (7−) (at X + 295 keV) level in 138I is
populated by the (9−) and (8−) levels and populates the (6−)
(at X + 229 keV) level by the 631.1, 360.1, and 65.6 keV
transitions, respectively. The level at 249.7 keV in 140Cs is
quite similar to this (7−) level in 138I, connected to the 844.0,
746.1, and 194.9 keV levels by the 594.3, 496.4, and 54.8 keV

FIG. 2. Coincidence spectra gated on transitions in 140Cs. The newly identified transitions are marked with an asterisk. A dashed line is
drawn to illuminate the position of the 54.8 keV transition, which is not seen in (b).
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FIG. 3. Level scheme of 140Cs built in the present work. The
newly observed transitions are marked with an asterisk. Spins and
parities of levels are tentatively assigned in the present work. See text
for details.

transitions, respectively, as shown in Fig. 3. This remarkable
similarity helps us in assigning spin parities and configurations
to levels in 140Cs. As shown in Fig. 4, where high-spin levels
built on the (7−) level (at X + 229 keV) in 138I and the
249.7 keV level in 140Cs are compared, one sees that the
high-spin level pattern of band 1 and 2 in 140Cs bears a
remarkable resemblance to that in 138I. So, it is reasonable
to assign (7−) to the 249.7 keV level. Since no isomer like
the 11/2− level in 145Pm and 147Eu was identified in 139Cs,
the 249.7 keV level cannot be an isomeric state, like the
9+ and 9+ isomeric states in 146Pm and 148Eu on which
high-spin states are built, respectively. The same conclusion

FIG. 4. High-spin levels built on the (7−) level in 140Cs and 138I.
Data are taken from the present work and Ref. [18].

FIG. 5. Comparison of ν(2f7/2)3
7/2 states in N = 85 isotones.

Experimental energies are given relative to the lowest state drawn
in the figure. [(2d5/2)−4

0 + (2d5/2)−2
0 (2d7/2)−2

0 ] is denoted as j−4
0 [20].

Data of other nuclei are taken from Refs. [18,20,22,23].

can be drawn in 138I and is supported by the observation and
calculations done in Ref. [18] because one has not observed
an isomeric state at high spin in 137I either [10]. Therefore, we
may argue that the 249.7 keV level has a π (1g7/2)5

7/2ν(2f7/2)3
7/2

configuration, from the coupling of the 7/2+ ground state of
139Cs [10] with the 7/2− state in 139Xe. (This level, 22.8
keV above the 3/2− ground state, is one member of the
ν(2f7/2)3

3/2,5/2,7/2 multiplet, which is a common feature of
the N = 85 even-odd nuclei. High-spin states in 139Xe are
built on this level [22].) The systematics of levels in even-odd
and odd-odd N = 85 isotones, presented in Fig. 5, supports
such an argument. If one considers the maximum aligned
coupling of the 7/2+ ground state of 139Cs [10] with the
7/2− state in 139Xe, one will obtain a 7− spin-parity for the
249.7 keV level in 140Cs, analogous to the (7−), X + 295
keV level in 138I [18]. Then, one may assign Iπ = (6−)
to the 194.9 keV level, depopulating the (7−), 249.7 keV
level by the 54.8 keV transition, with a stretch-minus-one
(Istretch − 1) configuration by coupling the the 7/2+ ground
state of 139Cs [10] with the 7/2− state in 139Xe [22]. However,
one cannot exclude the possibility that this (6−) level has a
π (1g7/2)5

7/2ν(2f7/2)3
5/2 configuration by coupling the the 7/2+

ground state of 139Cs [10] with the 5/2− state in 139Xe [22]
from the present analysis. In Fig. 6, a striking similarity of
the entire level schemes of 140Cs and 138I up to the (12−)
state is seen to support the previous arguments and the spin-
parity assignments to other low-lying states shown in Fig. 3.
Therefore, the 0 keV level in 140Cs is mostly likely to be
an isomeric state with Iπ = (3−) in analogy to the X keV,
(3−) state in 138I. Its isomer character follows from the
absence of any transitions to lower levels. The lowest 80.1 keV
transition in 140Cs is an M1 + E2 transition as the 118.3 keV
transition in 138I. The spin-parity assignments to levels in
band 1 and 2 in 140Cs based on the systematics of its N = 85
isotone 138I in the previous discussion are well born out by the
discussion on the systematics of 136I and 138Cs (two N = 83
isotones) in Ref. [24]. Of course, care should be taken in giving
pure configuration assignments to odd-odd nuclei, especially
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FIG. 6. Comparison of bands 1 and 2 in 140Cs with the corre-
sponding bands in 138I. Excitation energies are given with respect to
the 0 and X keV levels in 140Cs and 138I, respectively. Data are taken
from the present work and Ref. [18].

ones located in a transitional region between spherical and
deformed nuclear shapes. It is also worth mentioning that
140Cs, with two protons more than 138I, shows a more collective
level pattern than 138I at high spin, as presented in Fig. 4. The
transition energies in 140Cs regularly increase with spin, unlike
in 138I, which suggests that the addition of two protons to 138I
induces a change toward a collective motion. Thus, shell model
calculations may be not feasible to describe the level character
of 140Cs. Bands 1 and 2, built on (7−) and (6−), respectively,
showing features of rotation, are signature partners.

However, it is worth mentioning that the assignment of
Iπ = (4−) to the 80.1 keV level is not consistent with the
spin parity of either 1− or 0− for the 80.1 keV level identified
in the β decay of 140Xe to 140Cs [6]. Therefore, we propose
that the observed 80.1 keV transition in the 252Cf fission is

not the one found in β-decay studies [6]. This may be true
because often there is no overlap between levels obtained in
the spontaneous fission of 252Cf and those with low spin known
from the β decay of odd-odd isotopes.

For band 3, we tentatively argue that this band along with
band 1 forms a parity doublet because a possible octupole
deformation was proposed in the Cs isotopes at N = 85–88 in
Ref. [25] and such an effect was confirmed in 141Cs [26]. More
experimental evidence is required to make a clear conclusion.

In conclusion, the nuclear structure of the odd-odd N = 85
nucleus 140Cs was re-investigated from a study of the prompt
γ rays emitted in the spontaneous fission of 252Cf with the
Gammasphere detector array. A measurement was performed
to firmly assign the mass number 140 to the previous known
transitions. Eight new excited levels with 13 new de-exciting
transitions at high spin and three new excited levels with
seven new de-exciting transitions at low and moderate spins
are observed to enable us to establish the level scheme of
140Cs up to 3794 keV with a new sideband. Spins and
parities of levels in 140Cs are tentatively assigned on the
basis of angular correlation measurements and the systematics
of N = 85 isotones. Configuration assignments were briefly
discussed.
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