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The b1 decay of 15.2 min114Te into levels of114Sb was studied throughg-ray and conversion electron
spectroscopy at the UNISOR on-line isotope mass separator. Multiscaledg-ray and electron singles provided
for the determination of energies and intensities for 94 transitions~68 new! and of internal conversion coeffi-
cients for 12 of these transitions. The level scheme was deduced fromg-g andg-e coincidence measurements
and extended to 2.1 MeV. The energy spectrum and electromagnetic properties of levels and assoc
transitions were calculated in the interacting boson-fermion-fermion model~IBFFM!, with good agreement
between experimental and theoretical results.

PACS number~s!: 23.20.Lv, 23.20.Nx, 23.40.Hc, 27.60.1j
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I. INTRODUCTION

The study of odd-odd nuclei near theZ550 closed shell
provides an excellent basis for an investigation of the effe
tive interaction between neutrons and protons. Such inve
gations@1–5# have been carried out in the neutron-deficie
Z551 nuclides116,118,120Sb. Until recently, interpretation of
the low-energy level structure of114Sb has suffered from
insufficient transition data and lack of definite spin and par
assignments.

The only previously reported investigation of the decay
114Te into 114Sb is that of Wigmanset al. @6#. Several levels
up to 1.9 MeV were reported, but few level spins have be
firmly established. Those that were proposed remained
tative and transition intensities remained unreported due
lack of a suitable normalization. Many transition sequenc
were also incorrectly deduced, possibly due to a lack of s
ficient coincidence data.

The presence of a negative parityI58 isomer was first
proposed by Gilet al. @7#, who reported a 275-ms level at
422 keV decaying via anE3 transition to a level at 96 keV,
followed by anE2 transition to ground. Subsequent works
Van Neset al. @8#, Kamermanset al. @9#, and Duffaitet al.
@10# established the position of the isomer at 495 keV w
decay by a 322-keVE3 transition and cascades through low
energy levels to ground. Much of this work, however, co
centrated on feeding into the isomer from high-energy sta
and nearly all of the reported structure information below t
isomer has been based on the level scheme of Wigmanset al.
A study of collective structures at high spin~up to I535! and
high excitation energy~18 MeV! was recently reported@12#,
with only two out of seven observed bands having esta
lished decay routes to the isomer.
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A recent study using the (p,ng) reaction has been con
ducted by Ga´csi and Dombra´di @11# and the low-energy level
scheme deduced to 1.0 MeV with population of levels up
I55.

The magnetic dipole moment of the 31 ground state of
114Sb was measured by Zimmermanet al. @13# to be
1.72~8!mN and interpreted to be an indication of the onset
mixing of 31 members of the two lowest-lying energy leve
multiplets, with the major contribution coming from th
pd5/2ng7/2 configuration.

II. EXPERIMENTAL TECHNIQUES

The experiments performed in this investigation were c
ried out at the UNISOR~University Isotope Separator at Oa
Ridge! mass separator, on line to the 25-MV tandem acc
erator at the Holifield Heavy Ion Research Facility. Ions
114Te were produced in a FEBIAD~Forced Electron Beam-
Induced Arc Discharge! type ion source using the reaction o
220-MeV32S ions on a series of isotopically enriched92Mo
foils with a combined thickness of 6 mg/cm2. The ions were
then mass separated and theA5114 products deposited into
a Mylar tape to be moved sequentially to two shielded cou
ing stations via a computer-controlled moving tape transp
system.

The detector setup at the first counting station consisted
two Geg-ray detectors and a Si electron detector, which w
used in conjunction with a miniorange filter. The miniorang
was placed 4 cm from the tape, and the detector positione
cm from the miniorange. This arrangement was used
maximize the count rate of conversion electrons below
MeV. A large~44%! Ge detector was placed at 90° relative
the beam axis beneath the tape. A 2.5-cm Al disk was pla
between the source and the detector to minimize theb back-
ground. A smaller~15%! detector was placed in a horizonta
106 © 1996 The American Physical Society



; other

53 107b1 DECAY OF 15.2-MIN114Te
FIG. 1. Proposed level scheme for the decay of114Te, showing decay from levels from 763 to 28 keV~a!, 1670 to 806 keV~b!, and 2140
to 1757 keV~c!. Intensities include internal conversion. Transitions placed via coincidence relationships are marked with solid circles
transitions placed via energy sum relationships. Decay branching ratios and logf t values are also given. See main text for details of logf t
calculations.
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position at 90° relative to both the beam axis and the la
Ge detector and at 180° relative to the Si detector.

The detector arrangement at the second station was id
tical to that of the first station with the exception that th
miniorange was not used with the electron detector, result
in better low-energy efficiency which complemented the
1miniorange combination at the first station.

Absolute detector efficiency and energy calibrations f
the Ge detectors were obtained both prior and subseque
the experiment through the use of a standard mix
125Sb/154,155Eu source placed in the beamline at the exa
source position. Relative efficiency and energy calibratio
for the electron detectors were obtained from a137Cs/207Bi
source placed in the beamline at the position of the i
planted source.

Singlesg and electron data were collected in all of th
detectors at both stations with a Nuclear Data ND99
acquisition system based on a DEC Micro Vax II. Mult
scaledg singles spectra were also collected to allow for ha
life determination of the observed transitions. Multiscal
data were collected in a series of eight 60-s planes with a
tape move and 0.5 s between planes, for a total cycle time
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484.5 s at each station and 969 s~16.15 min! for each source
at both stations.

Dual coincidence data were collected throughout the e
periment among all three detectors at both stations with
Concurrent Computer Corp. 3230 computer. A total o
1.33106 g-g coincidences were recorded over the duratio
of the experiment.

III. EXPERIMENTAL RESULTS

Figure 1 shows the proposed level scheme derived fro
the data collected from the decay of114Te. Tables ofg-ray
singles and coincidence results are presented in material
posited with the Physics Auxiliary Publication Service@14#.
Portions of the summedg-ray and electron singles spectra
are presented in Fig. 2. With the exception of the levels at 2
264, 691, and 1109 keV, all of the levels are proposed on t
basis of at least oneg ray having a coincidence relationship
The levels at 84, 272, 763, 806, 1017, 1924, and 1986 ke
are all established primarily through observed coincidenc
with the 83.8-keVg ray. The level at 1924 keV is further
confirmed by strong coincidences withg rays from other
established levels such as shown in Fig. 3.
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FIG. 1 ~Continued!.
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The level at 507 keV is placed due to the observed stro
coincidence between the 234.7- and 188.1-keVg rays. The
observed coincidence between the 234.7-keVg ray and the
188.1-and 244.4-keVg rays, along with the lack of a 244.4-
keV transition in the 188.1-keV gate, first suggested a lev
at 27.5 keV. This level is also suggested by an energy-su
relationship with the 56.6-keVg ray, which is in coincidence
with the 188.1-keVg ray. The intensity of the 27.5-keV de-
exciting transition could not be determined due to an inab
ity to resolve it from the Te, Sb, and Sn x rays and its energ
is determined by a weighted average of the energy diffe
ences of transitions which decay from levels which feed bo
this level and the ground state.

The levels at 46 and 55 keV are proposed on the basis
observed coincidences with the 90.2-keVg ray ~shown in
Fig. 4!, as well as with the 726.8-keVg ray. Gates on these
transitions show that the ratio of the intensities of the 46.0
and 54.6-keVg rays is the same as that observed in th
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singles spectrum, suggesting that the transitions are no
cascade. The presence of both the 54.6- and 46.0-keV t
sitions in the 90-keV gate indicates an~unobserved! inter-
vening transition with energy 8.6 keV. An imbalance in th
decay intensity feeding into and decaying out of the 54
keV level requires that an additional~unobserved! transition
decay out of the level. Thus a 27.1-keV transition is pr
posed on this basis.

Time spectra obtained by gating theg-g time-to-
amplitude converter~TAC! on energy in one detector while
requiring a coincidence with any otherg ray are shown in
Fig. 5. The time spectra gated on the 83.8- and 90.2-keVg
rays show characteristic prompt responses, while the 4
and 54.6-keV gated spectra are clearly delayed. Fits of
slopes of the decay curves show half-lives of 26~3! and
20.4~9! ns for the 45.96- and 54.64-keV transitions, respe
tively. These are consistent with the upper limit of 24~5! ns



53 109b1 DECAY OF 15.2-MIN114Te
FIG. 1 ~Continued!.
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for the 45.6- and 54.6-keV transitions reported by Wigma
et al.

Because they were unable to observe the coincidence
tween the 726.8- and the 46.0- and 54.6-keV transitio
Wigmanset al. had placed the low-energyg raysabovethe
90-keV g ray and were unable to assign the half-lives
levels in the scheme. This would have required that the 90
keV transition have a delayed component in the time sp
trum, but this was observed in neither the present work n
that of Gácsi and Dombra´di @11#. However, by placing the
transitionsbelow the 90.2-keVg ray, we are now able to
reconcile both the half-lives and the coincidences. Thus ha
lives of 26~3! and 20.4~9! ns can be assigned to the levels
46 and 55 keV, respectively.

The 264-keV level is proposed due to a coincidence o
served between the 80.1-, 264.3-, and 147.4-keVg rays. The
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209.8-keVg ray is placed by energy sums, but is confirme
by the coincidence data of Ga´csi and Dombra´di @11#.

The level at 492 keV is proposed based on an observ
coincidence between the 437.2-, 408.1-, 346.9-, and 147
keV g rays with the 54.6-, 83.8-, 90.2-, and 298.5-keVg
rays, respectively. The level at 573 keV is proposed based
coincidences between the 545.1- and 1184.8-keV transitio

The level at 871 keV is based on a 726.8-keV/90.22-ke
coincidence. The level at 990 keV is proposed based on
incidence relationships between the 90.2- and 844.9-keVg
rays.

Where necessary to place weakg rays or ones for which a
clean coincidence gate was not possible, we have adop
the coincidence relations observed by Ga´csi and Dombra´di.
We have placed the 483.8-keVg ray as deexciting the level
at 990 keV based on their observed coincidence with t
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FIG. 2. Portions of theg-ray ~a! and electron
~b! singles spectra obtained from the decay of
114Te. All multiscaled planes are summed.
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479.3-keV transition. Similarly, our placements of the 419.
and 636.4-keV transitions are based on their coincidence
lationships.

The results of the conversion electron measurements
presented in Fig. 6, along with plots of the theoretical inte
nal conversion coefficients forE1, E2, andM1 multipolari-
ties @15#. Experimental values forK- and L-shell internal
conversion coefficients were normalized to those determin
by Gácsi and Dombra´di @11# for the 188-keVg ray. All tran-
sitions were observed to be ofE2/M1 character.

Determination of the absoluteb population of the levels is
not possible, owing to the probable high intensity of dire
population of the 11 level at 27 keV, whose intensity we
were unable to measure. Moreover, the low count rates in
coincidence spectra made placement of manyg transitions
uncertain; hence determination ofb feeding by the difference
between population and depopulation of levels only giv
upper limits. In addition, depopulation of the levels belo
200 keV is also uncertain owning to the uncertainties of t
conversion electron coefficients.
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Theb decay to the 11 level at 27 keV has been estimated
by assuming a logft value of 4.8, which is comparable to that
observed in the population of the low-energy 11 level in the
decay of116Te to levels of116Sb @16#. In spite of small inten-
sity imbalances, the conversion coefficients are sufficient
well established for the 83.8- and 90.2-keV transitions to b
certain that neither is a pureE2 transition, implying that the
83-keV level does not have spin and parity 11.

We can be certain of the 11 assignments for the levels at
1986, 1924, 1472, and 871 keV. There are several other le
els for which ab population imbalance is present, but no
such that unplacedg rays could account for the imbalance.
The levels at 272 and 492 keV are examples of such pop
lation balances. Ga´csi and Dombra´di @11# assign the former
as a 11 level, and the latter as a 21 level on the basis of
angular distribution measurements. The level at 990 keV
also most likely to be a 11 level. It does not appear to be the
same level as that shown by Ga´csi and Dombra´di at the same
energy, inasmuch as we do not observe theg ray at 719 keV
that they place as the strongest depopulatingg transition
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from that level. Thus there is most likely a level doublet a
that energy.

The strongb decay to the 11 level at 1924 keV is of some
interest, as the logft value of 4.2 implies a strong Gamow-
Teller allowed transition. The strong transition to the low
energy 11 level has been clearly observed in the decay o
116Te and found to have a logft of 4.8. The theoretical analy-
sis @1,2# of the daughter 11 state shows the neutron configu-
ration to be largelyd3/2; hence the strongb transition would
be the Gamow-Teller allowed transition that converts thed5/2
proton in 114Te to thed3/2 neutron in114Sb. It is highly un-
likely that a fragment of that transition could lie at 2 MeV.
Therefore we suggest that the rapidb transition to the 1924-
keV level must imply the decay of a coreg9/2 proton to ag7/2
neutron via the Gamow-Teller spin-flip transition. Such
transition at this energy is possible given that the location
theg9/2 proton intruder hole state is known to lie at 1461 keV
in 113Sb.

FIG. 3. Low-energy portions of gates on the 1417.4-, 1652.2
and 1840.8-keV transitions which establish the level at 1924 keV

FIG. 4. Low-energy portion of coincidence spectrum gated o
the 90.2-keVg ray.
t

f

f

IV. INTERACTING BOSON-FERMION-FERMION MODEL
DESCRIPTION

A. Hamiltonian

The Hamiltonian of the interacting boson-fermion-
fermion model@17# is

H IBFFM5H IBFM~p!1H IBFM~n!2H IBM1Heff ,

whereH IBFM~p! andH IBFM~n! denote the interacting boson-
fermion model ~IBFM! Hamiltonians for the neighboring
odd-even nuclei with an odd proton and odd neutron, respe

-,
.

n

FIG. 5. Time spectra gated by the 83-, 90-,~prompt! and 45-,
54-, and 27-keV~delayed! transitions, requiring a coincidence with
any otherg ray.
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112 53B. E. ZIMMERMAN et al.
tively @18#. H IBM denotes the IBM Hamiltonian@19# for the
even-even core nucleus.Heff denotes the effective proton-
neutron interaction.

The IBFFM Hamiltonian was diagonalized in the proton
neutron-boson basis:

u~ j p , j n!J,ndR;I &,

where j p and j n stand for the proton and neutron angula
momenta coupled toJ,nd is the number ofd bosons,R is
their total angular momentum, andI is the spin of the state.
The computer codeIBFFM, used for the calculations, was
written by Brant, Paar, and Vretenar@20#.

B. Parameters

In this work the core Hamiltonian was approximated wit
its SU~5! limit, which is reasonable for spherical nucle
Since the introduction of anharmonicities, allowed in th
SU~5! limit, had negligible effects on the states investigate
they were neglected. The only parameter of the core,
d-boson energy~ed!, was taken as the energy of the 21

1 states
of the neighboring even-even112Sn isotope to be 1.257 MeV.
Because reduced boson number can be used in the SU~5!
limit, we restricted the maximal number of thed bosons to 2,
which largely simplified the calculations. The present calc
lations show that the total contribution even of the tw

FIG. 6. Experimentally determined internalK- and L-electron
conversion coefficients observed in the decay of114Te. Experimen-
tal values are normalized to theaK for the 188-keV transition as
measured by Ga´csi and Dombra´di @11#. TheoreticalE1, M1, and
E2 curves are also shown.
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d-boson components was weak in the wave functions of th
states investigated, which suggests that there is no need
furtherd bosons.

Themodel spaceconsisted of thes1/2, d3/2, d5/2, g7/2, and
h11/2 states for both the protons and neutrons. The sing
proton was assumed to be a particle, while the neutrons we
treated as quasiparticles. Theoccupation probabilitiesfor the
neutrons were calculated in the BCS approximation using t
parametrization proposed by Kisslinger and Sorensen@21# as
in Ref. @11#. TheV2 values deduced are consistent with th
experimental systematics. We had to renormalize the relati
energies of the quasineutron states slightly~max 200 keV! to
get better agreement in the odd-odd nuclei.

The quasiparticle energies and occupation probabilitie
used in the calculations are given below:

V2~ s̃1/2!50.412, E~ s̃1/2!50.125 MeV,

V2~ d̃3/2!50.091, E~ d̃3/2!51.15 MeV,

V2~ d̃5/2!50.836, E~ d̃5/2!50.30 MeV,

V2~ g̃7/2!50.671, E~ g̃7/2!50.00 MeV,

V2~ h̃11/2!50.119, E~ h̃11/2!50.60 MeV.

The single particle energiesfor the proton states were
taken as 2.3, 2.6, 0.0, 0.9, and 2.4 MeV for thes1/2, d3/2, d5/2,
g7/2, andh11/2 states, respectively. The 0.9-MeVg7/2 energy
is in agreement with experiment if the self-energy correctio

FIG. 7. IBFFM and experimental energy spectra of low-lying
114Sb states. The abscissa is scaled according toI (I11), whereI is
the spin of the state.
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TABLE I. Wave functions of low-lying states of114Sb. For the givenJp states, theu( j p , j n)I ;NR& wave function components and the
corresponding amplitudes are given. Only amplitudes larger than 0.2 are shown.

01
1 31

1

u(d5/2,g7/2)2;12& 0.847 u(d5/2,g7/2)3;00& 20.751
u(d5/2,g 7/2)4;24& 20.299 u(d5/2,s1/2)3;00& 20.349
u(d5/2,g7/2)2;22& 0.274 u(d5/2,g7/2)5;12& 0.248

11
1 u(d5/2,g7/2)4;12& 20.245

u(d5/2,d3/2)1;00& 0.750 u(d5/2,g7/2)3;12& 20.223
u(d5/2,g7/2)1;00& 20.311 32

1

u(d5/2,d3/2)2;12& 0.216 u(d5/2,s1/2)3;00& 20.781
12

1 u(d5/2,g7/2)3;00& 0.336
u(d5/2,g7/2)1;00& 20.772 u(d5/2,s1/2)3;12& 0.264
u(d5/2,g7/2)3;12& 0.378 33

1

u(d5/2,d3/2)1;00& 20.345 u(d5/2,d5/2)3;00& 20.801
13

1 u(d5/2,d5/2)4;12& 20.434
u(d5/2,d5/2)1;00& 0.532 u(d5/2,d5/2)2;12& 0.207
u(d5/2,s1/2)3;12& 20.450 34

1

u(s1/2,s1/2)1;00& 20.325 u(d5/2,g7/2)5;12& 20.479
u(d5/2,g7/2)2;12& 0.211 u(d5/2,g7/2)4;12& 20.456
u(d5/2,g7/2)1;00& 20.205 u(d5/2,g7/2)2;12& 20.447

21
1 u(s1/2,g7/2)3;00& 20.269

u(d5/2,g7/2)2;00& 0.780 41
1

u(d5/2,g7/2)4;12& 20.337 u(d5/2,g7/2)4;00& 20.847
u(d5/2,g7/2)2;12& 0.293 u(d5/2,g7/2)5;12& 20.366
u(d5/2,s1/2)2;00& 20.205 42

1

22
1 u(d5/2,d5/2)4;00& 0.846

u(d5/2,s1/2)2;00& 20.809 u(d5/2,d5/2)5;12& 0.352
u(d5/2,s1/2)2;12& 0.253 u(d5/2,d5/2)3;12& 20.233
u(d5/2,g7/2)2;00& 20.211 43

1

23 u(d5/2,g7/2)6;12& 0.469
u(d5/2,d5/2)2;00& 20.688 u(d5/2,g7/2)5;12& 0.457
u(d5/2,d5/2)3;12& 20.368 u(d5/2,g7/2)3;12& 0.314
u(d5/2,d3/2)2;00& 0.336 u(d5/2,d3/2)4;00& 20.295

24
1 u(d5/2,g7/2)4;12& 20.282

u(d5/2,d3/2)2;00& 0.704 u(s1/2,g7/2)4;00& 0.256
u(d5/2,d5/2)2;00& 0.377 u(d5/2,d3/2)4;12& 0.223
u(d5/2,d3/2)1;12& 20.372 51

1

25
1 u(d5/2,g7/2)5;00& 0.857

u(d5/2,g7/2)2;12& 0.506 u(d5/2,g7/2)6;12& 0.365
u(d5/2,g7/2)3;12& 20.438 u(d5/2,g7/2)4;12& 20.200
u(d5/2,g7/2)1;12& 20.415 52

1

u(d5/2,s1/2)3;12& 0.220 u(d5/2,d5/2)5;00& 20.809
u(d5/2,g7/2)4;24& 20.215 u(d5/2,d5/2)4;12& 0.363

61
1

u(d5/2,g7/2)6;00& 0.800
u(d5/2,g7/2)5;12& 20.352
ge

-

n

of the particle-vibration coupling is taken into account. Th
other states are so high in energy that their exact energy o
slightly influences the results of the IBFFM calculations.

The proton and the neutronboson-fermion coupling
strength parameterswere fitted to the level energies an
electromagnetic moments of the neighboring odd113Sb and
113Sn isotopes by IBFM calculations. The dynamical an
monopole proton interaction strengths wereGp50.65 and
Ap50.05 MeV, respectively. The exchange interactio
strength was neglected, as the boson consists of neutron
e
nly

d

d

n
ex-

citations. The neutron dynamical, monopole, and exchan
interaction strengths wereGn50.6, An50.05, andLn51.5
MeV, respectively, in accordance with the strength param
eters used for the description of heavier Sb nuclei@22#.

A spin-dependentd interaction with an additional spin
polarization term was used for the effective proton-neutro
interaction:

Heff5V0d~rp2r n!~11aspsn!1VSP@spsn#0 .
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TABLE II. Transitions between low-lying114Sb states. The experimental data marked with asterisks were taken from Ref.@10#. The index
C indicates calculated in the frame of IBFFM values.

Ei

~keV! I i

Ef

~keV! I f

I g/E g
3

~Rel.!
B(M1)C

~Rel.!

83 21
1 0 31

1 100 100
27 11

1 39 16

145 22
1 0 31

1 4 85
55 32

1 100 100

265 42
1 0 31

1 62 98
55 32

1 100 100
84 51

1* 25 118

272 12
1 27 11

1 77 44
83 21

1 100 100

344 33
1 0 31

1 3 ,1
46 41~2!1 12 1
264 42

1 100 100

492 23
1 55 32

1 5 ,1
83 21

1 3 1
145 22

1 23 ,1
344 33

1 100 100

507 01
1 27 11

1 69 146
272 12

1 100 100

573 ~24,3! 0 31
1 10 9

27 11
1 100 100

272 12
1 36 68

665 34
1* 83 21

1* 50 183
145 22

1* 100 100
344 33

1* 90 10

691 25
1 0 31

1 9 101
27 11

1 33 24
55 32

1 100 100
272 12

1 73 24
344 33

1* 167 30
-
d
s.

y

The short-range proton-neutron effective interactio
strengthsV052500 MeV fm3 anda50.15 are deduced from
the doubly closed shell nuclei@23#. The radial matrix ele-
ments were calculated using harmonic oscillator wave fun
tions with oscillator parameterb52.29 fm. The spin polar-
ization interaction with a strength ofVsp50.06 MeV was
used. The strength of the effective spin-spin interactio
which simulates the admixing ofM1 giant resonance to the
low-lying states, was estimated from the effective spin gyr
magnetic ratios applying the relations given by Bohr an
Mottelson@24#.

The applied effective charges and gyromagnetic rat
were the commonly used, standard values in the mass reg
n

c-

n,

o-
d

ios
ion

@25#: ep51.5e, en50.5e, evib51.6e, glp51, gln50, gsp
50.6gsp

free, gsn50.5gsn
free, andgR5Z/A.

C. Results

The energy spectrum of114Sb calculated in the IBFFM is
compared with the experimental data in Fig. 7. The connec
tion of the experimental and theoretical states is base
mainly on the analysis of the decay properties of the state
The rms deviation from the experiment for the identified
states is better than 100 keV. The description of the energ
correlation of the states within ap-n multiplet is also rea-
sonable.
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The main components of the wave functions of th
lowest-lying states are given in Table I. Most of the stat
investigated have a dominant component of one proto
neutron multiplet, but the majority of them are mixed som
what. The dominant components of the wave functions are
agreement with the identifications made on the basis of
parabolic rule@11# except the 31 and 41 members of the
pd5/2nd3/2 multiplet, which are at higher energy in the
IBFFM calculations. For the pure states the strongest co
ponent in the wave function is the proton-neutron multipl
state with about 70% weight, while the summed weight
the one-d-boson components is about 25%. Only 5% is le
for the two-d-boson components, what justifies our two
boson approach.

The result of the calculations of theelectromagnetic prop-
erties is summarized in Table II. The magnetic moment
known only for the ground state to be 1.72~8!mN @13#. Its
value is somewhat larger than expected for a purepd5/2ng7/2
multiplet. The 15% mixing from the 31 member of the
pd5/2ns1/2 multiplet shifted the calculatedm3

1
151.71mN

value close enough to the measured one.
For theg rays from levels below 700 keV, all the known

mixing ratios are less than 5%@11#, so a pureM1 approxi-
mation seems reasonable. According to the selection rules
theM1 transitions practically only the intermultiplet transi
tions are allowed. Thus theM1 branching ratios are charac
teristic for the mixing of the multiplets. The description o
the branching ratios is reasonable except for the 22

1 , 23
1 , and

33
1 states. The 23

1 and 33
1 states havepd5/2nd5/2 character. It

seems that their wave function is too pure. Somepd5/2ns1/2
mixing is absent from both states, and some morepd5/2ng2/2
component is missing from the 33

1 state. The 22
1 state has

pd5/2ns1/2 nature. It decays to the 31
1 and 32

1 states having
mixed pd5/2ns1/2 and pd5/2ng7/2 character. If the 22

1 state
e
es
n-
e-
in
the

m-
et
of
ft
-

is

for
-
-
f

were pure, only 1% mixing would have been allowed by t
branching ratios. The larger mixing required by the magne
moment is reasonable if there are other components in
wave function of the 22

1 state, as well. The IBFFM fulfills
this requirement. Unfortunately, the phases of the mix
components sum up coherently and produce a too str
transition. If they were out of phase, the branching could
reproduced.

The branching ratio of the stretchedE2 transition from
the 01

1 to the 21
1 state is also well described. This transitio

has a 12 Weiskopf unit strength, which is very close to t
strength of the 21

1→01
1 transition in the Sn core, in agree

ment with the fact that this transition connects a one-phon
state with a zero-phonon state in the Sb nucleus.

The predicted lifetimes by the IBFFM calculations are
ms for the 27-keV, 0.7 ns for the 46-keV, and 5.6 ns for t
56-keV state. The latter two numbers are somewhat sho
than the experimental values obtained in this work, but
long lifetime for the 27-keV state is in agreement with bo
this work and the coincidence measurements of Ref.@11#,
where no coincidence relations were found with the 27-k
transition, even with 100-ns time window width, which su
gests a lifetime longer than 100–200 ns.
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Dombrádi and T. Fe´nyes~Akadémiai Kiadó, Budapest, 1984!,
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