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Yrast excitations in NÄ81 nuclei 132Sb and 133Te from 248Cm fission
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Gamma rays in the132Sb and133Te N581 isotones near doubly magic132Sn have been studied at Gamma-
sphere using a248Cm fission source. Previously unknown yrast cascades in the two nuclei were identified in
cross coincidence with knowng rays from complementary Rh and Ru fission fragments. The132Sb levels are
explained as proton-neutron hole states as well as core excited states of 2p-2h character, while the interpre-
tation of the133Te level scheme is mainly based on results of shell model calculations using empirical proton-
proton interaction energies from134Te together with estimated proton-neutron hole interactions.
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Spectroscopic investigations of few-valence particle
clei near doubly magic132Sn are important because they c
yield information about nucleon-nucleon interactions and
fective charges in an interesting but poorly studied region
neutron-rich nuclei. Recent experiments using largeg-ray
detector arrays to study fission products from252Cf and
248Cm sources@1–3# have identified prompt and delaye
g-ray cascades in individual product nuclei around132Sn.
Initial findings for the two and three valence particle nuc
134Sn, 134Sb, 134Te, 135Sb, 135Te, and 135I have already
been reported@2,4–7#. In the present paper, we turn attentio
to theN581 species132Sb and133Te, which are key nucle
in the Z.50, N,82 quadrant above132Sn. The proton-
neutron hole nucleus132Sb is known @8# to have two
b-decaying isomers with the configurations (pg7/2nd3/2

21)41

and (pg7/2nh11/2
21 )82; the relative energies of the isomer

states have not been determined, but there are indication@9#
that the 82 isomer is located less than 200 keV above the1

ground state. Similarly, in the two proton-neutron ho
nucleus 133Te, there are twob-decaying isomers, withI p

values of 3/21 and 11/22. Here, the 11/22 isomer witht1/2

555 min decays by a 334-keVM4 transition to the 3/21

ground state of133Te @8#. In the present study of248Cm
fission products using Gammasphere, extensiveg-ray cas-
cades populating the higher-spin isomers in both thesN
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581 nuclei have been identified. Some transitions feed
the low-spin isomers have also been observed, but they
not discussed here.

Our first results for nuclei around132Sn came from analy-
ses of248Cm fission productggg data measured at Euroga
II by a Manchester-Argonne-Strasbourg collaboration@2,3#.
More recently, we performed new fission productg-ray mea-
surements at Gammasphere, again using a248Cm source, but
with more favorable control of the timing conditions. A tot
of about 1.83109 fourfold and higher-fold coincidence
events were collected, and the data acquired were gene
better than those from Eurogam II. More details about
Gammasphere experiment may be found in Ref.@6#.

Earlier inspections of248Cm fission productg-ray data
have identified@3,6,7# new g-ray cascades in133Sb, 134Sb,
and 135Sb from the g-ray intensity patterns observed i
cross-coincidence spectra gated on known transitions in
sion partner Rh nuclei withA5110– 113. The same tech
niques identified in132Sb prominent 1025 and 1774 keVg
rays that appeared most strongly in spectra double gate
211 and 232 keVg rays of 113Rh, its 3n fission partner.
Gating on these two intense132Sb transitions@Fig. 1~a!# then
pinpointed other transitions in this nucleus, and establishe
main cascade of 1025, 1774, 401, and 1247 keVg-rays de-
exciting levels at 1025, 2799, 3199, and 4446 keV~Fig. 2!. A
rather strong 2799-keV crossover transition parallel to
1025 and 1774-keV cascade was clearly seen in coincide
with the 401 keV line. Double gates on the 1025 keV a
113Rh g rays also identified a fairly intense cascade of 9
and 2464-keVg rays, but detailed inspection of all the coin
©2001 The American Physical Society12-1
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cidence data failed to settle decisively the ordering of th
two transitions. The sequence shown in Fig. 2, with the
termediate level at 3489 keV, was preferred on the basi
theoretical considerations that will be explained below. T
132Sb levels at 4126, 4266, and 4544 keV are well est
lished by the cascades into the 3199 keV level, while
three levels at 4601, 4892, and 5109 keV accommodate
g-ray cascade feeding the 4446 keV level.

There is a general close resemblance between the s
troscopy of the132Sn and208Pb regions, and we have prev
ously noted that specific nucleon-nucleon interactio
needed for shell model calculations in nuclei around132Sn
can be estimated from empirical interactions known
corresponding 208Pb region nuclei @2#. The counterpart
of the (pg7/2nh11/2

21 )82 state in 132Sb is a well-known
(ph9/2n i 13/2

21 )102 isomeric state located at 1571 keV in208Bi.
Since the 112 member of the same multiplet lies 856 ke
above the 102 isomer in 208Bi, we estimate usingA21/3 scal-
ing that in 132Sb the 82 to 92 spacing for thepg7/2nh11/2

21

FIG. 1. ~a!–~d! Key g-ray coincidence spectra acquired wi
double gates on the indicated transitions in132Sb and133Te. For~c!
prompt coincidence with 721 keV and delayed coincidence w
1151 keVg rays of 133Te were required; the other cases involv
prompt coincidences only.
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multiplet should be close to 996 keV. Moreover, a sh
model calculation for132Sb using a realistic effective inter
action derived from the Bonn A nucleon-nucleon potent
has given a value of about 900 keV for the same 82 to 92

spacing@10#. Consequently, the level at 1025 keV~Fig. 2! is
confidently interpreted as the (pg7/2nh11/2

21 )92 state. The
next 132Sb level at 2799 keV is interpreted as th
(ph11/2nh11/2

21 )101 state, deexciting by the strong 1774 ke
transition to 92, and by the 2799 keV transition to th
(pg7/2nh11/2

21 )82 state. This high-energyM2 transition is an
obvious counterpart of the 2792 keVph11/2→pg7/2 M2
transition known in the neighboring one-proton nucle
133Sb @3,11#. The strongly fed 3199 keV level, which deex
cites exclusively by the 401 keVg ray to the 2799 keV level
is very likely the aligned (ph11/2nh11/2

21 )111 state.@In this
case, comparison with208Bi is not possible, since the
(p i 13/2n i 13/2

21 ) 121 to 131 spacing is not yet known.# Spins
higher than 11 cannot be generated in132Sb without excita-
tion of the core.

We next consider the 957 and 2464 keVg-ray cascade
between the 4446 and 1025 keV levels. In view of the u
certain transition ordering, the possibility of an intermedia
level at 1982 keV was first examined. At such a low ener
this cannot be a core-excited state and the only feas
pn21 configuration (pd5/2nh11/2

21 ) 82 appears to be ruled ou
by the absence of any trace of a 1982 keV transition to
82 ‘‘ground state.’’ The other, more appealing, possibili
would place the intermediate level at 3489 keV~as in Fig. 2!,
and would interpret it as the 102 proton core excitation with
the configuration (pg7/2

2 )0pg9/2
21nh11/2

21 . The energy required

h

FIG. 2. Level scheme for133Te showing the yrastg-ray cas-
cades observed following fission of248Cm; the widths of the arrows
are proportional to the observedg-ray intensities. The dashed level
indicate calculated energies forp2n21 states in133Te. Level ener-
gies are expressed relative to zero for the 11/22 isomeric state.
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to lift a proton fromg9/2 to g7/2 is about 5.5 MeV as see
from the 61, 71, 81 pg7/2g9/2

21 states in132Sn @12#; out of
this, about21.25 MeV is restored by the proton pairing, an
the hole-hole 102 interaction is about –0.95 MeV, resultin
in an estimated energy of about 5.5–1.25–0.9553.3 MeV
for this 132Sb 102 excitation, in satisfactory agreeme
with the experimental 3489 keV. The expected decay
this state by a strongpg7/2→pg9/2 M1 transition to the
(pg7/2nh11/2

21 )92 state is also in accord with the observation
The seven132Sb levels located above 4 MeV are probab

2p2h states, without 01 coupling for either particles o
holes; possible spin-parity values suggested by the obse
g-ray decay patterns are shown in Fig. 2. States of this t
with pgn f h22 andpgnd21h21 configurations are expecte
in this energy range, and the multiplet level energies h
been calculated with Oxbash, as in Ref@2#, using empirical
nucleon-nucleon interactions. The results are included in
2, with calculated energies normalized to 4446 keV for
122 level, and to 4544 keV for the 131 level. While there is
fairly good agreement between the calculated and exp
mental level spectra, our detailed interpretation of the in
vidual states above 4 MeV in132Sb must be considere
somewhat speculative.

Nothing was known up to now about high-spin states
N581 nucleus133Te. Theg rays of tellurium appearing in
coincidence with known110,111,112Ru transitions included a
fairly strong 1151 keVg ray, and the Rug-ray intensity
ratios observed in cross coincidence with this new l
clearly marked it as a133Te transition. Further analysis re
vealed a coincident 125 keVg ray deexciting an isomer in
133Te with t1/25104610 ns. ~These two transitions wer
first reported many years ago by Johnet al. @13#, but they
were not then assigned.! A cascade of strong 721, 739, 93
keV transitions was found to feed the 104 ns isomer fr
excited states at 1997, 2736, and 3669 keV~Fig. 3!. The
133Te level scheme was further extended using the pro
ggg data, as well as a specialgg matrix sorted with the extra
requirement of a delayed coincidence with a 1151 keVg ray.
A typical spectrum obtained in this way@Fig. 1~c!# shows
seven additional133Te transitions that have all been accom
modated in the Fig. 3 level scheme. The placements of e
weak transitions are well supported by coincidence data@Fig.
1~d!#. Finally, a weakly populated 1469 keV level, deexcitin
by 194 and 319 keVg rays, is also included in the133Te
scheme.

The spin-parity assignments for the133Te levels in Fig. 3
are based on the observedg-ray decay properties and o
shell model energy calculations. One could expect that
133Te yrast excitations above the 11/22 isomer would be
those arising from coupling of the known two-proton sta
of 134Te with the nh11/2

21 neutron hole. Energies of thes
p2n21 states were calculated using134Te p2 energies to-
gether with estimated pg7/2nh11/2

21 , pd5/2nh11/2
21 , and

ph11/2nh11/2
21 interactions, with the (pg7/2nh11/2

21 )82,92 and

(ph11/2nh11/2
21 )101,111 matrix elements adjusted to fit th

132Sb experimental levels presented earlier in this paper.
dashed levels in Fig. 3 show the calculatedp2n21 energies,
which support an interpretation of the133Te levels up to
05431
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2736 keV as 11/22, 15/22, 19/22, 17/22, 21/22, and 23/22

members of thepg7/2
2 nh11/2

21 multiplet. For the 125 keV iso-
meric transition, theB(E2; 19/22→15/22) is determined to
be 99(10)e2fm4 or 2.5~3! W.u., only slightly larger than the
B(E2; 61→41) betweenpg7/2

2 states in 134Te @14#. The
19/22 to 23/22 level spacing is well reproduced in the cal
culation, but the intermediate 21/22 is calculated too high,
for no obvious reason. The 3188 keV level is probably th
aligned (pg7/2d5/2nh11/2

21 )23/22 state, corresponding to the
second 61 state ofpg7/2d5/2 character in134Te.

The energies and decay modes of the 3669 and 3979 k
levels in 133Te indicate that they are 25/21 and 27/21 states
of pg7/2h11/2nh11/2

21 type. The aligned 29/21 member of this
multiplet is calculated to be much higher, at about 5 MeV
and it may not have been detectably populated in the248Cm
fission. The top three levels at 5384, 5607, and 5829 ke
must be core-excited states, and there is a good possibi
that they are the 27/22, 29/22, and 31/22 states of
pg7/2

2 n f 7/2h11/2
22 character expected in this energy range.

The p2n21 counterpart of133Te in the lead region is the
well studied209Po nucleus@15–17#, but the yrast level spec-
tra of these two nuclei do not resemble one another close
This is mainly because the (p2)0n i 13/2

21 I p513/21 state at
1761 keV in 209Po is nonyrast, lying almost 300 keV above
a 17/22 isomer ofph9/2

2 np1/2
21 character; consequently, many

FIG. 3. Level scheme for132Sb showing the yrastg-ray cas-
cades observed following fission of248Cm; the widths of the arrows
are proportional to the observedg-ray intensities. The dashed levels
indicate calculated energies for the specified core-excited stat
Level energies are expressed relative to zero for the (82) isomeric
state.
2-3
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of the yrast configurations in209Po do not involve thei 13/2

neutron hole. In contrast, the (p2)0nh11/2
21 I p511/22 state at

334 keV in 133Te is a clear yrast state, and the133Te yrast
configurations generally involve theh11/2 neutron hole. Still,
one can recognize some counterpart yrast excitation
differing by three units in spin and having opposite parity
such as (pg2nh21)19/22, 23/22, and (pghnh21)25/21,
27/21 states in 133Te, and the correspondin
(ph2n i 21)25/21, 29/21, and (phin i 21)31/22, 33/22 states
in 209Po.

In summary, this fission productg-ray study using Gam-
masphere has provided the first information about yrast
citations in thepn21 nucleus132Sb and thep2n21 nucleus
S.

S.

A
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133Te. The results have been interpreted using a consis
set of single particle energies and empirical nucleon-nucl
interactions from both the132Sn and208Pb regions, and they
open up the yrast spectroscopy of theZ.50, N,82 quad-
rant above132Sn.
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