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b-decay studies of107Sb and other neutron-deficient antimony isotopes
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By using on-line mass separation of residues from heavy-ion-induced fusion-evaporation reactions, we
studied theb1/EC decay of the neutron-deficient isotopes107Sb and108Sb. A search for direct proton decay of
105Sb did not yield a conclusive result. The experimentalb-decay half-lives of1042108Sb are discussed with
reference to results obtained from quasiparticle random-phase approximations, while the108Sb→108Sn and
107Sb→107Sn level schemes are interpreted in comparison with shell model predictions.
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PACS number~s!: 23.40.2s, 23.50.1z, 27.60.1j
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I. INTRODUCTION

Very neutron-deficient isotopes near the doubly clos
shell nucleus100Sn have attracted considerable interest
cently as they are characterized by unique nuclear-struc
features such as, e.g., the occurrence of fastpg9/2→ng7/2
Gamow-Teller ~GT! b decays as well as proton,a, and
maybe even cluster radioactivity@1#. The experimental
progress in this field includes the identification of100Sn and
neighboring isotopes@2,3#, the measurement of the mass
100Sn and100In @4#, in-beam spectroscopy of99Cd @5#, ob-
servation of proton radioactivity for105Sb @6# and 112Cs @7#,
and b-decay studies of94Ag @8#, 1002104In @9#, and 101Sn
@10#.

In this paper we want to report on an investigation of ve
neutron-deficient isotopes of antimony (Z551), performed
by using the GSI on-line mass separator. After describing
related experimental techniques in Sec. II, we present in S
III the results obtained for theb1/EC decay of108Sb and
107Sb as well as those deduced from a search forb1/EC
decay of106Sb and for proton radioactivity of105Sb. In Sec.
IV, the experimental results are compared with model p
dictions. Theb-decay half-lives as gross properties are co
pared to the results of a quasiparticle random-phase app
mation, that uses decay energies and different decay m
obtained from global fits of the model parameters@11#. The
detailed level schemes of the decay daughters and their f
ing pattern are discussed within the spherical shell mo
using a 100Sn core and the full neutrond5/2, g7/2, s1/2,
d3/2, andh11/2 shells@12,13#. Section V contains a summar
and an outlook.

II. EXPERIMENTAL TECHNIQUES

The neutron-deficient antimony isotopes of interest w
produced by fusion-evaporation reactions induced by
58Ni beam from the UNILAC on isotopically enriche
50Cr, 52Cr, and 58Ni targets. The chromium targets we
supported by molybdenum backings. For the measurem
of decay properties, performed at the GSI on-line mass s
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rator, a FEBIAD-E ion source@14# was used. This ion sourc
was altered compared to its original version: a modified
ode cylinder permitted the use of very thin~4 mg/cm2) tan-
talum catcher foils, and the inner surfaces of the source e
trodes were coated with pyrolytic graphite. The latt
measure turned out to double the effusion speed for a
mony as determined from a separate test measurement o
half-life dependence of the separation efficiency by mean
the implantation technique@15#. The result shown in Fig. 1
actually gives the lower limit of the total separation ef
ciency for antimony; several improvements in the main e
periment as compared to the test, which tend to increase
efficiency ~by a factor of the order of 2–3 for short-live
isotopes!, could not be quantified and are thus not conside
in Fig. 1.

The mass-separated beam was implanted into a t
which periodically moved into a counting position equipp
with a low-energy germanium detector and a large volu
germanium detector. Alternatively the mass-separated b
was stopped in thin carbon foils mounted in front of tw

FIG. 1. Lower limit of the separation efficiency as a function
half-life for antimony isotopes, considering all losses between p
duction and detection.
1715 © 1997 The American Physical Society
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TABLE I. Parameters of the measurements.

58Ni Beam Target
Energy Intensity Isotopic Thickness Detector Measurement Yield

Isotope ~MeV/nucleon! ~particle nA! abundance ~mg/cm2) setup time~h! ~atoms/s 10 part nA!

108Sb 5.0 ;40 58Ni 99.8% 3.8 a 1 b 0.5 150
107Sb e 5.0 ;16 58Ni 99.9% 3.6 c 2 >14
107Sb 4.4 ;40 50Cr 92.6% 3.9 a 1 b 11 >0.37

52Cr 6.9%
106Sb 4.7 ;40 52Cr 99.8% 3.7 a 1 b 2 ,2
105Sb 5.3 ;40 50Cr 90.5% 3.9 d 11 ?

52Cr 8.5%
105Sb 5.0 ;40 50Cr 96.2% 3.9 d 5 ?

52Cr 3.6%

aLow-energy germanium detector (f50.5320.0) with the front surface of the detector;5 mm away from the source.
bLarge-volume high-purity germanium detector (21%) with the front surface of the detector;5 mm away from the source.
cLarge-volume high-purity germanium detector (23%) with the front surface of the detector;3–5 mm away from the source.
dTwo DE2E telescopes consisting of 20.3, 732mm and 15.6, 705mm detectors, respectively.
eMeasurement made with an unmodified FEBIAD-E ion source containing a 0.2-mm-thick graphite catcher@14#.
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DE-E silicon detector telescopes, the beam being switc
periodically between these foils. Low-energy protons w
searched in theDE spectra accumulated in anticoinciden
with signals from theE detectors. Table I compiles the ex
perimental parameters relevant for these measurements

III. RESULTS

Figures 2 and 3 show examples of theg-ray spectra mea
sured in this work for the decays of108Sb and 107Sb. The
corresponding experimental data are compiled in Table
and III, respectively. Theg-ray energies have been dete
d
e

II

mined on the basis of a calibration performed by means
standard sources before and after the on-line measurem
This calibration also reproduces the energies of the kno
b-delayedg lines from the decay of108Sn @17# and 107Sn
@18#. These activities represent the dominant contaminant
theA5108 andA5107 spectra, respectively~see Figs. 2 and
3!. As only partial decay schemes and spin/parity assi
ments have been obtained, theg-ray intensities given in
Tables II and III havenotbeen corrected for summing effec
and conversion.

Concerning half-life determination, isotope identificatio
and g-ray assignments, the following procedure has be
e

FIG. 2. g-ray singles spectrum from theb

decay of 108Sb obtained with the large-volum
germanium detector. Theg lines are labeled with
their energy in keV. The closed circles (d) indi-
categ rays from theb decay of108Sn, the open
circle (s) marks ag ray from theb decay of
108In. All other g lines, except for the40K line,
are assigned to the decay of108Sb.
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FIG. 3. g-ray singles spectrum from theb
decay of 107Sb obtained with the large-volum
germanium detector. Theg lines are labeled with
their energies in keV. The closed circle (d),
open circle (s), and triangle (n) indicateg rays
from theb decay of107Sn, the isomeric transition
of 107mIn and theb decay of107gIn, respectively.
The inset shows the low-energy part of the spe
trum. The four lines without special symbol ar
assigned to the decay of107Sb.
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chosen. First, the half-lives of108Sb and107Sb were deduced
from the time characteristics of thoseg lines that can unam
biguously be assigned on the basis of coincidence relat
with SnKX rays and 511 keV quanta to be EC/b1-delayed
radiation from the decay of antimony isotopes. These con
tions are fulfilled for the 253, 905, 1206, and 1273 keVg
lines in theA5108 spectrum and for the 151 keVg line in
theA5107 spectrum. In addition, the SnKa line was used
for the determination of the half-life of108Sb. The data,
listed in Tables II and III and displayed in Figs. 4 and
yield half-life values of 7.6~3! s for 108Sb and 4.6~8! s for
107Sb. Additionalg rays with consistent time characteristi
were assigned to the respective decays. Compared to
@17#, theb-decay scheme of108Sb has been extended by 1
new g-ray transitions. The 16g lines known for this decay
have been placed in the level scheme shown in Fig. 6, es
lishing nine new levels. In theb decay of107Sb, which was
studied for the first time, fourg-ray transitions were found
Preliminary results of this work were already presented
the 1981 edition of the Karlsruhe Chart of Nuclides@19# as

TABLE II. Energies, relative intensities, and coincidence re
tions of theg rays observed in the decay of108Sb.

Present work Oxornet al. @16#
Eg~keV! I g coincidentg rays ~keV! I g

253.3~2! 3.8~6! SnKa , 511, 905, 1206
490.7~3! 1.3~3!

529.7~4! 1.2~2!

744.0~3! 2.0~3!

820.7~3! 5.0~8!

865.0~3! 6.5~10!
904.8~2! 26~4! SnKa , 253, 511 24.9~80!
949.2~3! 5.3~9!

1205.8~2! 100 SnKa , 253, 511 100
1272.9~3! 15~2! SnKa , 511
1434.4~4! 3.7~8!

1598.5~3! 19~3!

1648.6~4! 7.2~12!
1769.7~5! 6.6~11!
1868.7~5! 3.9~8!

2154.4~5! 4.1~8!
ns
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well as in its 1995 edition@20#; the 1454 keV line given
there is, however, not confirmed in this final analysis. Due
low coincidence efficiency and missing crossover transitio
only two g rays have been placed in the level scheme d
played in Fig. 7.

The search forb delayedg-rays of 106Sb remained un-
successful. The106Sb activity is evidently too weak to be
observed in the presence of the isobaric contaminant106Sn
and the room background. Assumming the known 1208 k
21

1→01 transition in 106Sn @21# to be populated with a
branching ratio of 100% in theb decay of 106Sb, the corre-
sponding upper limits for source strength and product
cross section are 2 atoms/s10 partnA and 100mb, respec-
tively.

The search for direct proton decay of105Sb yielded the
result displayed in Fig. 8. The proton energy-loss even
stemming from the knownb-delayed proton decay of th
daughter isotope105Sn @22#, are almost quantitatively su
pressed by the anticoincidence condition. Therefore, the l
energy tail in the spectra shown in Fig. 8 is essentially due
positron energy-loss events.

IV. DISCUSSION

A. Direct proton decay of 105Sb

The data shown in Fig. 8 do not yield clear evidence
the occurence of the 478615 keV proton line observed by

FIG. 4. Decay characteristics measured for the SnKa x rays and
the most intenseg lines from the108Sb decay. The straight line
result from a single-component exponential fit to the experime
data.
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Tighe et al. @6#. The weak indication of some excess eve
around proton energies of 500 keV would roughly cor
spond to the rate expected from the Berkeley experim
This conclusion is based on the figures of merit~or sensitivi-
ties! of the two measurements as compiled in Table
Since the production cross section of the50Cr(58Ni, p2n)
reaction is unknown, these experiments do not allow us
determine a~limit for the! branching ratio for direct proton
decay of 105Sb. In a recent measurement performed at

TABLE III. Energies, relative intensities, and coincidence co
relations of theg rays observed in the decay of107Sb.

Eg~keV! I g Coincidentg rays ~keV!

151.2~2! 45~8! SnKa , 511
704.1~6! 28~7!

819.4~6! 56~11!
1280.1~3! 100
s
-
t.

.

to

e

projectile fragment separator~FRS! of GSI, Frieseet al. @23#
found a value of'1% for this quantity, based on the obse
vation of one event with a proton energy of 550630 keV.
Due to insufficient statistics and energy resolution, our d

FIG. 5. Decay characteristics measured for the most intensg
lines from the107Sb decay. The straight lines result from a sing
component exponential fit to the experimental data.
r
l
-

FIG. 6. b-decay scheme of
108Sb. The relativeg-ray intensi-
ties are given in brackets. Fo
comparison with the shell mode
predictions, also selected high
spin states known from in-beam
work are shown.
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FIG. 7. b-decay scheme of107Sb.
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do not enable us to make a firm statement concerning
2s discrepancy between the proton energies measured
Tigheet al. and Frieseet al., respectively.

B. b-decay half-lives for 1032108Sb

Table V compares data for antimony isotopes, compi
either from measurements or from systematic trends, to
sults from calculations obtained from a quasiparti
random-phase approximation~QRPA! @11# and a proton-
neutron quasiparticle random-phase approximat
(pn-QRPA! @29#. The model parameters used in Ref.@11#
result from a global fit to nuclei ranging from16O to the
heaviest known nuclei. As can be seen from the values c
piled in Table V, this model seems to systematically und
estimate the experimental half-lives by a factor of 2.5 to 5
the calculation of the totalf t value, derived from the
summed calculated GT strengthSB~GT!, a coupling con-
stant B56160/(gA /gV)

254131s was used in Ref.@11#,
which does not include any quenching of the GT streng
The reduction factors compare well with observed GT h
drance in this region of nuclei@30#. However, in theglobal
comparison of QRPAb half-lives with experiment there is
no indication for a general reduction of the GT strength@11#.
e
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On the other hand, thepn-QRPA predictions@29# seem to
overestimate the experimental half-lives by factors of 1.
3.4. The difference in the two theoretical approaches is
to the different treatment of the GT interactio
VGT52x( is i t i

1 . Möller et al. @11# treat particle-hole~ph!
correlations only with a global strengthx523/A MeV,
whereas Hirschet al. @29# regard also particle-particle~pp!
correlation, fitting the corresponding strength paramet
separately to knownb-decay half-lives in each isotopi
chain. A more detailed discussion of theb-decay half-lives
of light antimony isotopes would require a detailed know
edge of the GT distribution, which is not available.

C. b-decay schemes of107,108Sb

1. Shell model calculations

We have performed shell model calculations for light
isotopes in the 1d5/2, 1g7/2, 2s1/2, 1d3/2, 0h11/2 neutron
space, using a100Sn core. Details of the calculations a
given in Refs.@12,13#. As this is part of a series of she
model calculations in the ‘‘triangle’’90Zr- 100Sn-108Sn, no
attempt has been made to specifically adjust single-par
energies and two-body matrix elements~TBME! to
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1720 55M. SHIBATA et al.
107,108Sn. The nucleon-nucleon (nn) interaction was ob-
tained from a realistic set of TBME, derived by renormaliz
tion from nucleon-nucleon scattering data@31# and, when the
nh11/2 orbital is involved, from the Kuo-Herling set in
208Pb @32#, by replacing (n,l , j ) by (n,l11,j11) @33# and
scaling with 1/A. GT transition strengths were estimated
assuming purepd5/2 and (pd5/2nd5/2)41 configurations for
the 107,108Sb ground states, respectively.

FIG. 8. Energy spectra measured for mass 105 positron
proton activity. The data were accumulated by using the 20
mm-thick ~a! and 15.6-mm-thick ~b! DE detectors in anticoinci-
dence with the respectiveE detectors. From the width of the 105
keV proton line of 147Tm, measured in a separate92Mo(58Ni,
p2n) experiment, the energy resolution at 500 keV is estimated
be 38 and 48 keV, respectively.
-

2. b-decay scheme of108Sb

The low statistics of the experimental data only allow
us to establish coincidence relations for a few of theg rays
assigned to the decay of108Sb. Therefore, the experimenta
decay scheme of this nucleus, shown in Fig. 6, was dedu
from the list ofg rays, given in Table II, on the basis of th
following arguments.

~i! The lowestIp 5 21, 41, 61 levels and the connecting
1206, 905, and 253 keVg rays are known from in-beam
experiments@17# and are corroborated by the coinciden
relations determined in the present work.

~ii ! From g-ray energy sums and differences, theg lines
of 491, 530, 744, 821, 865, 949, 1434, 1649, 1770, and 2
keV can be combined with known levels and transition
establishing new levels at excitation energiesEx 5 2154,
2640, 2855, and 2976 keV.

~iii ! The remaining high-energyg rays of 1273, 1599, and
1869 keV are assigned tog transitions between high-lying
levels and theIp521 state atEx51206 keV. The assign-
ment is based on the most probable assumption that the
decay proceeds viapd5/2→nd3/2 or pd5/2→nd5/2 followed
by strong spin-flipnd3/2→nd5/2 and diagonalnd5/2→nd5/2
M1 decay with the maximum possibleg-transition energy to
the Ip521 state. A directg feeding of theIp501 ground
state conflicts with the probable parent spinIp5(41) ~see
below!.

Theg decays of theEx 5 2976 and 2855 keV states lim
their spins toIp5(31,41) and (41,52), respectively. Since
odd parity states are expected to lie at much higher excita
energies~see Fig. 6!, Ip541 is the most probable assign
ment for the 2855 keV state. This yieldsIp5(41,51) for
the 108Sb parent state, which leads to spins and parities
Ip5(3,4)1 for the remaining108Sn states fed inb1/EC de-
cay. The Ex52155 keV level can be assigned to b
Ip5(11,21) from its g decay. This assignment is compa
ible with the energy-favored very weak direct feeding of t
Ip521 states. The general feeding pattern energetically
sembles theb1/EC decay of110Sb (Ip531) @16#. The main
difference lies in the feeding of higher spin states in t

nd
-

o
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be
TABLE IV. Comparison of the experimental parameters of the earlier105Sb experiment@6#, performed at
Berkeley, with those of this work. The relative figure of merit is defined to be the product of58Ni dose, target
thickness, effective50Cr content of target, separation efficiency, and detection efficiency, and is norma
to the parameters of the Berkeley experiment.

Parameter Berkeley experiment This work

58Ni dose 0.8931016 1.431016

Target thickness~mg/cm2) 0.68 .0.68a

Effective 50Cr content of target 0.56b .0.63c

Separation efficiency 0.02 .0.01
Detection efficiency 0.16 0.16

Relative figure of merit 1 .0.9

aThe thickness of the chromium target is actually 3.9 mg/cm2 ~see Table I for the isotopic enrichments!; the
stated limit concedes that most of the~unknown! excitation function for the production cross section may
already covered by 0.68 mg/cm2.
bCr2O3 target,

50Cr enrichment 96.8%.
cThis lower limit concedes that our metallic50Cr target~enrichment 93.3% averaged! may have alloyed with
the molybdenum backing during irradiation.
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TABLE V. Compilation of decay data of antimony isotopes. The QRPA calculations of half-lives@11#
were based onQEC values taken from the mass calculations of Mo¨ller et al. @24# ~see column 2!, while the
pn-QRPA calculations of half-lives@29# usedQEC values taken from the mass evaluations of Wapstraet al.
@25# except for103Sb; in the latter case, theQEC value stems from the mass formula of Mo¨ller et al. @24# ~see
column 2!. In column 4, we also list theQEC values taken from the most recent mass evaluation of Audiet al.
@26# for comparison. Note that theQEC values from Refs.@25# and @26# were derived at least partly from
systematical trends.

QEC ~keV! T1/2 ~s!
Isotope @24# @25# @26# Experiment QRPA@11# pn-QRPA @29#

103Sb 11840 11170~580! .1026 @27# 0.092 0.262
104Sb 13350 12300~830! 12200~390! 0.4420.11

10.15 @23# 0.17 1.49
105Sb 10290 9310~590! 9440~180! 1.12~16! @27# 0.32 1.68
106Sb 11670 10930~500! 11070~310! 0.6~2! @28# 0.70 2.95
107Sb 8530 7700~410! 7910~310! 4.6~8! a 1.36 10.4
108Sb 10060 9540~300! 9490~210! 7.0~5! @16#, 7.6~3! a 1.42 10.8

aFrom this work.
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108Sb decay, which corroborates the tentative level sche
and spin assignments.

In Fig. 6 we compare the tentative experimental108Sb
→108Sn decay scheme with the results of shell model ca
lations. To demonstrate the quality of agreement, the s
model results are presented in four columns, one for sele
states known from in-beam spectroscopy@34# and three for
the lowestIp531,41,51 states up toEx 5 3.5 MeV, re-
spectively. As the level density of these states is very h
~about 10 states between 2 and 3 MeV for each spin! only
those levels are included whose leading configurations
likely to be fed in GT decay. The108Sb ground state has
dominant (pd5/2nd5/2

21)41 quasiparticle configuration with
some admixture of (pd5/2ng7/2). Therefore daughter state
have been selected with leading configuratio
(nd3/2nd5/2

21)31,41, (nd5/2
22)41 and (nd3/2ng7/2)51. It is obvi-

ous that the shell model accounts well for the number
states populated inb1/EC decay between 2 and 3.5 MeV.
view of the tentative experimental level scheme we ha
refrained from calculating the theoretical GT distribution. A
excitations of theZ550 proton core were not regarded in th
present shell model approach, GT decay to four-quasipar
states of configurationpd5/2g9/2

21nd5/2
21g7/2 were not calcu-

lated. These states, which are expected at excitation ene
above 4.0 MeV, are well within theQEC window but are
characterized by even higher level density as compare
the energy range shown in Fig. 6. Theg decay from these
states would preferably populate low lyingIp521 states via
E2 transitions, which would explain the weak feeding o
served for theEx51206 and 2155 keV states.

3. b-decay scheme of107Sb

In this work, b-delayedg rays for 107Sb were observed
for the first time. From theg rays listed in Table III only the
151 keV g ray, which connects theIp57/21 first excited
state to theIp55/21 ground state, is known from in-beam
work @34#. In addition, the latter study succeeded in iden
fying several high-lying states in107Sn, which have been
extended up toIp531/22 in a recent study@35#.

As argued in Sec. IVC2, the GT decay of the light an
mony isotopes proceeds preferably by thepd5/2→nd3/2 and
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pd5/2→nd5/2 transitions. The daughterIp53/21 and 5/21

states decay by allowed spin-flip or diagonalM1 transitions
to the 107Sn Ip55/21 ground state, which is thend5/2 single-
particle state. We therefore assume that the observed h
energyg transitions proceed directly to the ground state.
principle, a d3/2→g7/2 stretched E2 transition to the
Ip57/21 first excited state cannot, for intensity reasons,
excluded for the 704 or 819 keVg lines. This would, how-
ever, require aB(E2) strength more than a factor of 103

higher than the allowedB(M1) strength, which is hard to
conceive.~In this context, it should be noted that the stat
primarily fed in b1/EC decay could be connected b
competitive diagonalM1 transitions.! Thus we arrive at
the tentative decay scheme and spin assignm
Ip5(3/2,5/2,7/2)1 shown in Fig. 7, which together with se
lected states from in-beam spectroscopy@34# are compared
to the results of shell model calculations. A106Sn
01

^ pd5/2 configuration was assumed for the107Sb ground
state; correspondingly, onlyIp53/21 and 5/21 states are
expected to be populated inb1/EC decay states. In Fig. 7 w
have listed, together with the excitation energies calcula
for the 3/21 and 5/21 levels, the 106Sn 01

^ nd3/2 and
nd5/2 content for theI

p53/21, 5/21 wave functions, which
represent the GT distribution.~For comparable content of th
respective configuration thepd5/2→nd3/2 spin-flip GT decay
is favored by a geometrical factor of only 1.15 over the
agonalpd5/2→nd5/2 GT transition.! For the most strongly
fed state atEx51280 keV, good agreement between sh
model and experiment is observed. It should be noted,
this agreement yields the first evidence for the position of
nd3/2 level in

101Sn.

V. CONCLUSION

The use of fusion evaporation reactions in connect
with on-line mass separation, and in particular the rec
progress in ion-source development, have allowed us to
serveb-delayedg radiation of 107Sb for the first time and to
obtain improvedb-decay data for108Sb. Even though the
resulting experimental decay schemes of107Sb and108Sb are
tentative and incomplete, they allow a meaningful compa
son with predictions obtained from shell-model calculatio
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1722 55M. SHIBATA et al.
The high level density of states populated in the GT deca
odd-even and odd-odd nuclei, as predicted by shell mo
calculations, strongly suggests the use of highly efficient
rays in future experiments, such as those based on h
resolution germanium detectors of the Euroball Cluster t
@36# or low-resolution NaI total-absorption spectrometers
prerequisite for such measurements is, however, the de
opment of a chemically selective ion source for antimo
isotopes, which is not available to date. An interesting al
native for continuing studies of low-spin states in the lig
tin isotopes is the determination ofB(E2) values of the first
excited state of neutron-deficient even-even tin isotopes
using Coulomb excitation of relativistic radioactive beam
te
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@11# P. Möller, J. R. Nix, and K.-L. Kratz, At. Data Nucl. Data
Tables~to be published!.

@12# H. Grawe, R. Schubart, K. H. Maier, and D. Seweryniak, Ph
Scr.T56, 71 ~1995!.

@13# R. Schubart, H. Grawe, J. Heese, K. H. Maier, and
Schramm, Z. Phys. A352, 373 ~1995!.

@14# R. Kirchner, Nucl. Instrum. Methods186, 285 ~1981!.
@15# R. Kirchner, Nucl. Instrum. Methods Phys. Res. B70, 186

~1992!; Nucl. Instrum. Methods Phys. Res. B~to be pub-
lished!.

@16# K. Oxorn, A. J. Houdayer, and S. K. Mark, Z. Phys. A279,
289 ~1976!.

@17# J. Blachot, Nucl. Data Sheets62, 803 ~1991!.
@18# J. Blachot, Nucl. Data Sheets62, 709 ~1991!.
@19# Chart of Nuclides, 5th ed., edited by W. Seelmann-Eggebe

G. Pfennig, H. Mu¨nzel, and H. Klewe-Nebenius~Kernfors-
chungszentrum, Karsruhe, 1981!.

@20# Chart of Nuclides, 6th ed., edited by G. Pfennig, H. Klewe
Nebenius, and W. Seelmann-Eggebert~Forschungszentrum
Karlsruhe, 1995!.

@21# F. Azaiez, S. Andriamonje, J. F. Chemin, M. Fidah, J.
Scheurer, M. M. Ale´onard, G. Bastin, J. P. Thibaud, F. Bec
G. Costa, J. F. Bruandet, and F. Liatard, Nucl. Phys.A501,
401 ~1989!.

@22# P. Tidemand-Petersson, R. Kirchner, O. Klepper,
Kurcewicz, E. Roeckl, and E. F. Zganjar, Z. Phys. A302, 343
~1981!.

@23# J. Friese, inProceedings of the International Workshop XX
on Gross Properties of Nuclei and Nuclear Excitations, H
schegg, Austria, 1996, edited by H. Feldmeier, J. Knoll, and
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