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Spin assignments of yrast bands in odd-odd isotopes118– 132Cs
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The excitation energy systematics ofph11/2^ nh11/2 yrast bands of odd-odd isotopes118– 132Cs are studied,
and as a result of this study we suggest that the spin values of lowest observed states of yrast bands of
118,122,124,126,128Cs be reassigned as 8, 9, 9, 9, and 10, respectively. These new spin assignments are also
supported by the argument of alignment additivity.@S0556-2813~98!02309-7#

PACS number~s!: 21.10.Hw, 27.60.1j
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Among the eight odd-odd isotopes118– 132Cs @1–8#, 130Cs
is the only case where the spin of the lowest observed s
of the ph11/2^ nh11/2 yrast band was definitely assigne
through experiments with sufficient spectroscopic inform
tion. In all other cases, the spins of their yrast bands w
assigned tentatively by the respective original authors.
reliability of some of the tentatively assigned spins has b
questioned by systematics study@5# and theoretical study@9#
of systematic features of the low-spin signature inversion
the present work we try to reevaluate these tentatively
signed spin values by studying the excitation energy syst
atics of the ph11/2^ nh11/2 bands of odd-odd isotope
118– 132Cs under the assumptions that~1! the spin assignmen
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of the lowest observed state of theph11/2^ nh11/2 bands in
130Cs is reliable and~2! with increasing neutron number, th
corresponding level spacings ofph11/2^ nh11/2 bands of
118– 132Cs vary smoothly with the variation trend similar t
that of ph11/2 yrast bands of neighboring odd-A isotopes
117– 133Cs and that of ground state bands of neighbor
even-even isotopes116– 130Xe.

In Fig. 1, triangles and circles indicate the level positio
of the ph11/2^ nh11/2 bands of118 – 132Cs based on the pre
vious spin assignments@1–8# and spin assignments sug
gested by the present study, respectively. Smooth cu
connecting circles pass through the level positions of130Cs
as required by the first assumption and they have the va
el
gh the level
FIG. 1. Excitation energy systematics ofph11/2^ nh11/2 bands in doubly odd isotopes118– 132Cs. Triangles and circles indicate the lev
positions based on previous and present spin assignments, respectively. Curves connecting circles were required to pass throu
positions of130Cs(I 059) whose spin is considered to be firmly assigned. Energies are given in keV.
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tion trend as required by the second assumption. In orde
shift the level positions from triangles to circles the previo
spin values 10, 6, 7, 5, and 9 of the lowest observed state
yrast bands of118,122,124,126,128Cs have to be replaced by ne
values 8, 9, 9, 9, and 10, respectively, while the previo
spin values of120Cs @2# and 132Cs @8# remain unchanged
Practically, no matter how the spin values of these isoto
are adjusted one is not able to obtain other smooth cu
which pass through the level positions of130Cs and, at the
same time, have a more reasonable variation trend than
of the smooth curves of Fig. 1.

These new spin assignments are also supported by
argument of alignment additivity. Figure 2~a! shows that the
alignmentsi np(I 059) of 124Cs deduced by using the ne
spin valueI 059 are much closer to the sum of proton alig
mentsi p of 123Cs @10# and neutron alignmentsi n of 123Xe
@11# than i np(I 057) based on previous spin valueI 057. A
similar situation occurs in126Cs as shown in Fig. 2~b! where
the alignmentsi np(I 055) based on previous spin assignme
of I 055 are even far away from the sumi p1 i n of neighbor-
ing odd-A isotopes 125Cs @12# and 125Xe @13#, while the
i np(I 059) based on the present spin assignment are v
close to the sumi p1 i n.

In our previous study on spin assignments of yrast ba
of odd-odd nuclei in the mass region ofA;130 @14#, three
possible choices were suggested for the spin assignmen
odd-odd Cs isotopes on the basis of excitation energy
tematics, where the argument of alignment additivity was
studied. The spin values 8, 8, 9, 9, 9, 10, 9, and 9
118– 132Cs, respectively, adopted in the present work cor
spond to the second choice of Ref.@14#. Level schemes of
118– 132Cs based on spin values suggested in the present w
are shown in Fig. 3 where the level withI 512 is taken as
reference for comparison. The expected similarity of le
schemes of different isotopes and the gradual variation tr
of level structure with increasing neutron number are
vealed in Fig. 3 while these systematic features would no
seen in the level schemes based on the previous spin as
ments.

The phenomenon of low-spin signature inversion in od
odd Cs isotopes had been studied by Tajima@9# in the frame-
work of the particle-triaxial-rotor model with the inclusion o
the p-n residual interaction. The predictions of Ref.@9# are
compared with the experimental results based on the pr
ous and present spin assignments in Table I. The theory@9#
predicted that the low-spin signatures are inverted for
odd-odd Cs isotopes studied and inversion spin (I inv), at
which the signature splitting changes the sign, increases
increasing neutron number. These two predictions are
good agreement with experimental results based on the
assignments suggested in the present work except tha
predicted inversion spins are approximately 2\ lower than
the experimental values. The latter differences of;2\ can
probably be explained by noting the fact that in Tajima
calculation@9#, where both thep-n residual interaction andg
deformation were taken into account, the author first p
formed an extensive study to see what kind of combinat
of g deformation andp-n interactions is most suitable t
reproduce the experimental data of124Cs and, then, calcu
lated the signature splittings of other Cs isotopes. The p
is that in Tajima’s calculation, the experimental data of124Cs
to
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were taken as reference and the previous spinI 057 for
124Cs was adopted in that calculation. If, in Tajima’s calc
lation, the previous spin valueI 057 was replaced by the
present valueI 059, the agreement between experiment a
theory would probably be improved.

In summary, the excitation energy systematics
ph11/2^ nh11/2 yrast bands of odd-odd isotopes118– 132Cs
were studied, and as a result we suggested that the spin
ues of the lowest observed states ofph11/2^ nh11/2 yrast
bands of118,122,124,126,128Cs be reassigned as 8, 9, 9, 9, and
to replace the previous values 10, 6, 7, 5, and 9, respectiv

FIG. 2. ~a! Alignment i np, i p , andi n of ph11/2^ nh11/2, ph11/2,
and nh11/2 bands in124Cs @4#, 123Cs @10#, and 123Xe @11#, respec-
tively. The reference core parameters (J0 ,J1) used are~14,40!, ~12,
53!, and~21,26! for 124Cs, 123Cs, and123Xe, respectively.J0 andJ1

are in units of MeV21 \2 and MeV23 \4, respectively. Only the
favored signature is presented.~b! Same as~a! but for 126Cs @5#,
125Cs @12#, and 125Xe @13#. The reference core parameters (J0 ,J1)
used for126Cs, 125Cs, and125Xe are~10,56!, ~9.0,51!, and~19,36!,
respectively.
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FIG. 3. Level schemes ofph11/2^ nh11/2 bands in118– 132Cs based on the present spin assignments. The states withI 512 are taken as
reference for comparison. Energies are given in keV.

TABLE I. Summary of previous and presentI 0’s and comparisons of the systematic features of signature
inversion based on previous and present spin assignments and those calculated by Tajima@9#.

Isotopes

I 0(\) I inv(\) Low spin signature inverted

Previous Present Previous Present
Tajimaa

@9# Previous Present
Tajimab

@9#

118Cs 10@1# 8 16.5 14.5 Yes Yes
120Cs 8 @2# 8 16.5 16.5 14.5 Yes Yes Yes
122Cs 6 @3# 9 14.5 17.5 No Yes
124Cs 7 @4# 9 16.5 18.5 16.0 Yes Yes Yes
126Cs 5 @5# 9 17.5 21.5 19.0 Yes Yes Yes
128Cs 9 @6# 10 20.5 No Yes Yes
130Cs 9 @7# 9 No Yes
132Cs 9 @8# 9 Yes Yes

aEstimated from Fig. 9 of Ref.@9# with uncertainties60.5\.
bSeen from Fig. 9 of Ref.@9#.
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These new spin assignments are also supported by the
ment of alignment additivity. Systematic features of low-sp
signature inversion of odd-odd Cs isotopes predicted by T
ma’s systematic calculations in the framework of t
particle-triaxail-rotor model with the inclusion of thep-n
interaction are in good agreement with the experimental
sults based on the present spin assignments. However
.
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spin assignments suggested in the present work need t
confirmed by future experimental studies.
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