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The decay properties of127In and 129In have been investigated using Isotope Separation On-Line(ISOL)
produced samples. In both127In and 129In new b-decaying isomeric states were observed, with half-lives of
1.04±0.10 and 0.67±0.10 s, respectively, in addition to the previously known isomers of single proton hole
p1/2 andg9/2 character. Qb measurements show that the new isomeric states are present at energies approaching
2 MeV above the ground states. The level schemes of127Sn and129Sn have been considerably extended. The
modes of feeding and decay of the twoms isomers in each of the Sn nuclei are fully elucidated, including new
half-life determinations. Shell model calculations on127Sn and129Sn were performed, giving results in good
agreement with the new data.
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I. INTRODUCTION

In the vicinity of the doubly magic132Sn, the unique par-
ity orbitals situated just below shell closure give rise to a
multitude of high spin states of three-quasiparticle(3qp) na-
ture in the odd-mass nuclides. The present study was initi-
ated in order to search for newb-decaying isomers of127In
and 129In. Low-lying 3qp states will often have a unique
structure and their properties are of importance for tests of
theoretical calculations. A well known example is given by
the b-decaying isomer at 4.3 MeV in131In [1], which popu-
lates high spin states at a similar energy in131Sn. The high
excitation energies here are a consequence of the single-hole
character of these nuclides. Further away from the shell clo-
sure, many of the high spin 2qp and 3qp states are found in
the 2 MeV region.

Near the middle of the neutron shell, heavy ion reactions
have proved to be efficient for the population of such states.
Some years ago Mayeret al. [2], observed microsecond yrast
isomers populated in deep inelastic collisions leading to
119,121,123Sn. In the more neutron-rich nuclides, the popula-
tion of high spin states is more efficiently achieved in fission.
This mode of excitation has been used, for example, by Pin-
stonet al. [3–5] to identify ms yrast isomers in125,127,129Sn
and in the heavy Sb isotopes. Even more long-lived yrast
traps with millisecond life times were found in131Te and
125,129In during the early course of the current work[6].
There were thus good reasons to expect the presence of
b-decaying isomers in127,129In, as well as strong indications
for such isomers in previous data as pointed out by Pinston
et al. [3].

An additional motivation for this work was that more de-
tailed information was desired on the structures of127Sn and
129Sn, two rather simple systems with five and three neutron-
holes. Investigations of these nuclei have previously been
reported by DeGeer and Holm[7] from early works at our
laboratory, and the compilations in Nuclear Data Sheets[8,9]
are mainly based on the study by these authors.

In the present work, a comprehensive study of the127In
and129In decays is described. We have studied the radiations

following the b decays by multispectrum scaling(MSS) of
singles spectra and bygg- and bg-coincidence measure-
ments. The MSS data were used to determine theb-decay
half-life associated with eachg transition, while thegg mea-
surements were used to verify and extend the level schemes
of 127Sn and129Sn. Thebg-coincidence spectroscopy mea-
surements have been used to find the end point energies of
individual b transitions to selected final levels, which were
needed for the determination of the excitation energies of the
new isomeric states. The new data on the structures of
127,129Sn are interpreted by comparison with results from a
shell model calculation using realistic effective interactions.

II. EXPERIMENTAL DETAILS

The measurements were performed at the OSIRIS fission
product mass separator at Studsvik, Sweden. For details on
this facility, see Ref.[10] and references therein.

The A=127 andA=129 activities were obtained from
thermal neutron-induced fission of a235U carbide target in-
side the combined target and ion sourceANUBIS [11]. During
the measurements of singles data, surface ionization was
used to select the element In and thereby suppress the daugh-
ter activities. For the coincidence measurements, plasma ion-
ization was chosen in order to obtain somewhat higher
yields. After mass separation, theA=127 or A=129 beam
was collected on a movable Al-coated Mylar tape in the cen-
ter of the measuring station.

The experimental setup for thegg coincidences consisted
of three Ge detectors of which one was a low energy photon
(LEP). Three Ge detectors were also used for the Qb mea-
surement, where the LEP detector now was used as ab spec-
trometer. In this latter case the LEP could “view” the beam
collection spot through two thin windows of Al and Be, as
described in Ref.[12]. The LEP electronics was set to accept
energies up to about 16 MeV.

The g-ray MSS measurements were performed in a re-
peated cycle consisting of eight sequential time groups, each
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yielding a spectrum recorded with a Ge detector. The cycle
was started after removal of the old sample by the tape trans-
port system. The first time group was a background radiation
measurement with the beam deflected. The second and third
groups were collected while the beam was continously de-
posited on the tape. The remaining spectra were collected
with the beam deflected, in order to study the decaying ac-
tivities. In the case ofA=127, the group time of the spectra
was 1.0 s, which gives suitable conditions for studies of the
b decays of the two known isomers in127In, with half-lives
of 1.09 and 3.67 s. The isobar127Cd was also present, how-
ever, with a much lower yield and having a short half-life of
0.43 s, which was easy to differentiate from the In half-lives.
For A=129, a group time of 0.5 s was chosen, suited for the
b decay of the two known isomers in129In, with half-lives of
0.61 and 1.23 s. OtherA=127 andA=129 isobars present in
the samples have half-lives considerably longer than these
values.

The energy calibrations were obtained by using well
known g energies from127Sn and129Sn as internal reference
points as well as external sources of152Eu, Pb x rays, and the
6128 keV line from16O. Additional singles spectra of cali-
brated reference sources were also recorded for the determi-
nation of detector efficiencies.

III. EXPERIMENTAL RESULTS

A. Data analysis

The general features of the decays of127In and 129In are
quite similar. As a consequence, similar analysis methods
were used. Since the data clearly showed the presence of a
newb-decaying isomer in both cases, an immediate concern
was how to assign the observed transitions to each of the
isomers present. From the MSS data, many transitions could
be identified as belonging to the decay of either the two high
spin isomers or to the low spin isomer in In, the latter with a
significantly longer half-life. Separation of the two high spin
isomers was not possible from the MSS data alone, since in
both A=127 andA=129 the half-life of the new isomer
turned out to be practically identical to the half-life of the
known 9/2+ ground state. However, some of the transitions
have previously been observed to follow the decays of high
spin states withms half-lives [3,4], and could therefore be
assigned to the new high spin isomer. Thegg coincidences
were then used to assign the weaker transitions and to re-
solve transitions appearing in the decays of more than one
isomer. The division of intensity and assignment of such
lines was cross-checked with the results from the MSS
analysis. In addition to the promptgg coincidences, delayed
coincidences were also investigated in order to link the tran-
sitions above the isomeric states in Sn with the transitions
below. This was possible since the time-to-amplitude con-
verter(TAC) gate was chosen to be 5ms wide, and although
the delayed signals are weak, the coincidences were unam-
biguous.

Thebg-coincidence data, which were taken using a 20ms
TAC range, were analyzed with respect to determinations of
the end point energies of selectedb transitions. Theb tran-
sitions from the decays of the new high spin In isomers were

initially analyzed by choosing a delayed TAC window and
g-ray gates on the transitions cascading from thems isomers
in the Sn daughter nuclei. After having established that the
main b transitions populate levels at higher energies, the
final b-spectra end point energies were derived from sums of
spectra projected using prompt gates on theg rays depopu-
lating the 3605 and 3993 keV states in127Sn and129Sn, re-
spectively. Additional promptg-ray gates were used to de-
termine end point energies of strong transitions in the decays
of the ground states and 1/2− isomers of the In nuclei. The
excitation energies of the new In isomers were determined
from the derived Qb values. The results of the Qb measure-
ments are shown in Table I.

The bg-data set gave the possibility of studying the half-
lives of the high spin states in the Sn nuclei by projecting
TAC spectra gated both byb particles and the depopulating
g-transitions in Sn. Examples of TAC spectra are given in
Figs. 1 and 2. Our data showed the presence of twoms iso-
mers in both127Sn and129Sn. Table II shows a comparison
between the half-lives found in this study and previously at
Institute Laue-Langevin(ILL ), Grenoble[3,4].

We made one attempt to determine absoluteg-ray inten-
sities in the decays of the In isomers by a simultaneous MSS
measurement ofg rays andb particles. The results were not
more accurate than the values already reported by Rudstam
[13]. The results of Rudstam are therefore used here, with a
small correction for the presence of the new high spin
b-decaying isomers. The data indicate that there is no strong
b feeding of the Snh11/2 states from the Ing9/2 ground states.
We have neglected these possible but unobservedb transi-
tions when deducing the absolute intensities in the In ground
state decays.(The b-transition intensities may amount to a
few percent as discussed later in text.) The intensities of the
strong first forbiddenb transitions feeding the Snd3/2 and
s1/2 states are given in Table III as obtained from the data of
Ref. [13] and the decay schemes presented here. Data for the
corresponding transitions in the decay of the single proton
hole nucleus131In are included in Table III for comparison.
Regarding theb decays of the new high spin In isomers, we
note that theg-ray cascades in the Sn nuclei are ultimately
concentrated into 2–3 transitions leading to theh11/2 states.
The combined intensities of these transitions have been taken
to represent 100% of the respective decay. It should be noted

TABLE I. Results from the measurement of the total decay en-
ergies of127,129In.

b-decaying state Derived Qb skeVda

Excitation energy
of initial state

(keV)

127In 9/2+ 6579(20) 0

1/2− 6999(63) 420(65)

21/2− 8442(56) 1863(58)
129In 9/2+ 7780(26) 0

1/2− 8149(38) 369(46)

23/2− 9410(50) 1630(56)

aHere and in the following tables, all uncertainties are given in units
of the last digit.
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that we observe an imbalance of theg-ray intensities for the
transitions feeding and depopulating the lowest excited lev-
els (13/2− and 15/2−) in each of these cascades. Lacking
other plausible explanations for the imbalances, we suggest
that the cause is a feeding of these excited states by unob-
servedg rays of relatively high energies.

B. Systematics and spin assignments

The ground states of all known odd In nuclei are formed
by theg9/2 proton hole state. In the neutron rich isotopes, this
state decays with a strong Gamow-Teller(GT) transition,
with a log ft of about 4.4, to the neutrong7/2 state in the Sn
daughter. Theg decay of the latter state is dominated by an
E2 transition to the neutrond3/2 level. This decay sequence is
a prominent feature also in the In 9/2+ decays studied here.
The g rays corresponding to theg7/2→d3/2 transitions domi-
nate the spectra. In analogy with DeGeer and Holm[7], we
adopt these 7/2+ and 3/2+ assignments as firm.(In 129Sn, the
7/2+ strength is split on two states having similar decay pat-
terns.) We also adopt as firm the 1/2+ and 3/2+ assignments
given by Ref.[7] for the two lowest low spin states popu-
lated by the strong first forbidden transitions in the decays of
the 127,129In p1/2 isomeric states. The spins and parities of
several additional levels in127,129Sn then follow from appli-
cation of the selection rules forb andg transitions.

A strong GT branch with a logft of 4.4–4.5 is observed
in the decays of each of the high spin isomers found pres-
ently in 127,129In. These branches are interpreted to have the
same character as thepg9/2

−1 →ng7/2
−1 transitions mentioned

above. However, the subsequentg decays of the populated
levels are not dominated by the correspondingE2 transitions,
because the final states in theseb decays are highly excited,
opening possibilities for competition from much fasterE1
decays. The most likely shell model configuration for the
high spin In isomers is ag9/2 proton hole coupled to two
neutron holes in theh11/2 and d3/2 orbitals (the latter is
equivalent to the 7− two-neutron core states in128Sn and
130Sn). The GT decay effectively transforms theg9/2 proton

TABLE II. Comparison of the half-lives ofE2 isomers in Sn
measured in the present and previous[3,4] works.

State Present Previous

127Sn 23/2+ s1931 keVd 1.26 s15d ms
127Sn 19/2+ s1827 keVd 4.8 s3d ms 4.5s3d ms
129Sn 23/2+ s1801 keVd 2.0 s2d ms 2.4s2d ms
129Sn 19/2+ s1760 keVd 3.2 s2d ms 3.6s2d ms

TABLE III. Intensities in %/decay of the strong first forbidden
transitions following the decays of thep1/2 isomers of the heavy In
isotopes. The relative uncertainties in the values are about 10–20%.

Final state\mass 127 129 131

p3/2 50 77 95

s1/2 34 17 3

FIG. 1. (a) A TAC spectrum obtained betweenb-particle signals
from a LEP spectrometer and events from the 104 keV transition in
127Sn detected in a Ge detector. A half-life of 1.26s15d ms was
deduced for the 23/2+ isomer from thedata shown. The coincident
background was subtracted from the spectrum.(b) A TAC spectrum
obtained as above, but by gating on the 715 keV transition, contain-
ing half-life contributions from both isomers. The half-life of the
lower isomer was deduced as 4.8s3d ms by using the value from
Fig. 1(a) for the upper isomer.

FIG. 2. A TAC spectrum gated on the 382 and 570 keV transi-
tions in 129Sn, thereby showing half-life contributions from both
isomers. An analysis of the growth and decay shape of the spectrum
resulted in the half-life values shown.
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hole to ag7/2 neutron hole in the final state configuration. In
the case of127Sn, rather strongb transitions are populating
both of the 19/2+ and 23/2+ microsecond isomers(discussed
below), indicating a 21/2− assignment for the high spin
b-decaying parent state. The final state of the GT transition
then hasJp=19/2−, which is fully consistent with the ob-
served g-ray branchings. The strongg decay of the
3605 keV state to a well established 15/2− level practically
ensures the suggested negative parity, and hence also a nega-
tive parity of the127In isomer. One should note that theE2
transition corresponding tog7/2→d3/2 now proceeds between
configurations having three neutron holes in theg7/2, h11/2,
and d3/2 orbitals (initial) and theh11/2 plus d3/2

2 orbitals (fi-

nal). The latter state is in practice a member of the multiplet
formed by theh11/2 neutron hole coupled to the 2+ phonon of
the core, and is found withJp=15/2− at 1094.7 keV. In the
case of the129In high spin decay, the final state of the GT
transition(at 3993 keV in129Sn) decays by strongE1 tran-
sitions to both the 19/2+ and the 23/2+ ms isomers in129Sn.
The 3993 keV state is thus 21/2−, corresponding to the
maximum alignment of this three-neutron configuration. An
E2 decay to the 15/2− phonon state is therefore not possible
as in127Sn. The high spin isomer in129In must then be 23/2−

since these fast GT transitions connectJ andJ−1 states.
The following two sections give some details on the de-

duced properties of theA=127 andA=129 In to Sn decays,

FIG. 3. Levels of127Sn popu-
lated in the decay of the 9/2+

ground state of127In st1/2=1.09 sd.
Absoluteg intensities in % are ob-
tained by multiplication with 0.64.
See the text for details.

FIG. 4. Levels of127Sn popu-
lated in the decay of the 1/2− iso-
mer of 127In st1/2=3.67 sd. Abso-
lute g intensities in % are obtained
by multiplication with 0.43. See
the text for details.
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and is followed by a summary of a shell model calculation
describing the structure of the Sn nuclei.

C. A=127

The levels of127Sn populated in the decays of the three In
isomers are shown in Figs. 3–5. The previously proposed[7]
excited states are confirmed and 34 additional levels have
been established presently. A total of 126 transitions were
placed in the decay schemes. One should note the imbalance
mentioned above regarding theg-ray intensities feeding and

depopulating the 1095 and 1243 keV states, and also that the
position of the 1501 keV level is uncertain since the order of
the 407 and 2104 keV transitions is not known.

Four states of neutron hole character(h11/2, d3/2, s1/2, and
g7/2) are identified at 0, 5, 258, and 1603 keV in agreement
with the results of DeGeer and Holm[7]. A 5/2+ state iden-
tified by us at 1332 keV is likely to represent the, so far
missing, neutron holed5/2 state. The excitation energy agrees
with expectations from systematics, and theE2 and M1
branching of the transitions in theg-ray decay to lower-lying
hole states is in fair agreement with the observed decay prop-

FIG. 5. Levels of127Sn popu-
lated in the decay of the 21/2− iso-
mer of 127In st1/2=1.04±0.10 sd.
Absoluteg intensities in % are ob-
tained by multiplication with 0.85.
The g line of 16.52 keV was not
observed, and both the total inten-
sity of 57.3 units and the transition
energy were deduced from the
level scheme. For the levels at
1094.7 and 1242.7 keV, unob-
servedg feeding is likely, and the
true b feeding is assumed to be
zero. The ordering of theg cas-
cade of 406.9 and 2103.6 keV
may be interchanged, as the posi-
tion is not clear. See the text for
further details.

FIG. 6. Levels of129Sn popu-
lated in the decay of the 9/2+

ground state of129In st1/2=0.61 sd.
Absoluteg intensities in % are ob-
tained by multiplication with 0.42.
The level at 1047.4 keV has spin
7/2+ if b feeding exists. See the
text for details.
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erties of the correspondingf7/2 neutron hole state in207Pb.
The four negative parity states(7/2−, 9/2−, 13/2−, and

15/2−) due to the coupling of theh11/2 hole state to the 2+

core phonon are found in the range 646 to 1243 keV as seen
in the decay schemes. Positive parity core coupled states due
to d3/2 ands1/2 are present at 810, 954, 1053, 1090, 1233, and
1332 keV. As mentioned above, the latter of these levels is

likely to have a strong component of the neutron holed5/2
state.

The higher-lying levels are difficult to characterize, ex-
cept for some of the high spin 3qp states. The 19/2+ isomeric
state at 1826 keV in127Sn was reported by Pinstonet al. [3].
These authors proposed that the isomer could be explained as
a h11/2 neutron hole coupled with the 5− core state. Our

FIG. 7. Levels of129Sn popu-
lated in the decay of the 1/2− iso-
mer of 129In st1/2=1.23 sd. Abso-
lute g intensities in % are obtained
by multiplication with 0.18. The
level at 1047.4 keV has spin 7/2+

if b feeding exists. See the text for
details.

FIG. 8. Levels of129Sn populated in the decay of the 23/2−

isomer of129In st1/2=0.67±0.10 sd. Absoluteg intensities in % are
obtained by multiplication with 0.58. For theg line of 19.7 keV, the
total intensity of about 168 units was deduced from the level
scheme. For the level at 1171.8 keV, unobservedg feeding is likely,
and the trueb feeding is assumed to be zero. Regarding theb
feeding of the 1761.9 and 1802.9 levels, only the sum of theb
feeding was obtained experimentally. See the text for further details.
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TABLE IV. Results from the shell model calculations for127Sn
compared to the experimental data.

Jp Ecalc (MeV) Eexp (MeV)

11/21
− 0 0

3/21
+ 0.032 0.005

1/21
+ 0.172 0.258

9/21
− 0.793 0.646

7/21
− 0.896 0.964

3/22
+ 0.937 0.954

5/21
+ 0.942 0.810a

15/21
− 1.075 1.095

5/22
+ 1.288 1.331

1/22
+ 1.338

7/21
+ 1.341 1.054

3/23
+ 1.357 1.233

13/21
− 1.418 1.243

5/21
− 1.447

7/22
+ 1.519 1.603

11/21
− 1.533

5/23
+ 1.631

13/22
− 1.655

3/24
+ 1.676

3/21
− 1.696

9/21
+ 1.738

1/23
+ 1.762

7/23
+ 1.771 1.702

11/22
− 1.786

9/22
− 1.814

11/21
+ 1.888

11/23
− 1.924

19/21
− 1.984 1.917a

19/21
+ 2.017 1.827

9/23
− 2.025

7/22
− 2.029

15/21
+ 2.038 1.810

9/22
+ 2.054

3/25
+ 2.057

13/23
− 2.062

7/24
+ 2.066 1.909

5/22
− 2.068

5/24
+ 2.068

7/25
+ 2.094 2.024

13/21
+ 2.112

7/23
− 2.118

23/21
+ 2.123 1.931

5/25
+ 2.134

15/22
− 2.137

17/21
− 2.179

19/22
+ 2.197

5/26
+ 2.260

13/24
− 2.261

17/21
+ 2.276

9/23
+ 2.289

15/23
− 2.292

15/22
+ 2.300

aSpin not conclusively decided experimentally.

TABLE V. Results from the shell model calculations for129Sn
compared to the experimental data.

Jp Ecalc (MeV) Eexp (MeV)

3/21
+ 0.000 0

11/21
− 0.052 0.036

1/21
+ 0.307 0.315

5/21
+ 0.992 0.769

7/21
− 1.060 1.044

9/21
− 1.178 0.764

3/22
+ 1.252 1.222a

7/21
+ 1.262 1.054

15/21
− 1.273 1.172

1/22
+ 1.442

11/22
− 1.464

3/23
+ 1.494 1.289a

5/22
+ 1.520 1.455a

11/21
+ 1.692

13/21
− 1.704 1.360

9/21
+ 1.730

5/23
+ 1.755

15/21
+ 1.812 1.742

19/21
+ 1.836 1.761

13/22
− 1.865

23/21
+ 1.874 1.801

3/24
+ 1.912

7/22
− 1.944

7/22
+ 1.970 1.865

5/21
− 2.002

15/22
− 2.045

13/21
+ 2.053

7/23
+ 2.078 2.118

11/23
− 2.082

9/22
− 2.091

3/21
− 2.104 3.079

5/24
+ 2.112

13/23
− 2.126

9/22
+ 2.134

11/24
− 2.141

17/21
+ 2.256

13/22
+ 2.275

9/23
− 2.296

15/23
− 2.302

7/24
+ 2.304 2.984

19/22
+ 2.310

17/22
+ 2.335

5/25
+ 2.340

3/25
+ 2.351

19/21
− 2.372

11/25
− 2.384

17/21
− 2.425

1/23
+ 2.430

11/22
+ 2.455

15/22
+ 2.456

15/23
− 2.477

11/23
+ 2.509

11/26
− 2.518

21/21
+ 2.531

aSpin not conclusively decided experimentally.
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present investigation has revealed an additional isomeric
state at 1931 keV, decaying by a 104 keV transition to the
lower isomer. The half-life of this second isomer was found
to be 1.26s15d ms, see Table II, which is compatible with an
E2 multipolarity of the 104 keV transition. The spin of the
new isomer is thus most likely 23/2. The structure of the
state can be seen as a coupling of theh11/2 neutron hole to the
7− core state, which is equivalent to the maximum alignment
when coupling a pair ofh11/2 neutron holes to thed3/2 neu-
tron hole. We note with interest that the beta transitions from
the 127In high spin isomer to these two final states in127Sn in
practice are of the typepg9/2

−1 →nh11/2
−1 , as discussed further in

the next section.

D. A=129

The data from the129In decay showed twog-ray lines at
281 and 2198 keV with a half-life of about 0.11 s, which is
significantly shorter than for other lines in the spectra. The
LEP detector spectra also showed the presence of InKa
radiation with the same short half-life. Assuming that the In
x rays were excited by internal conversion from the 281 keV
transition, we deduce aM2 or E3 multipolarity of which the
latter is more probable with regard to the half-life. As re-
ported previously[6], we propose that the 281 keV line is an
isomeric transition in129In, connecting the expected 29/2+

yrast isomer(formed by a coupling of theg9/2 proton hole to
the 10+ core state) to the 23/2− b-decaying isomer studied
here. The 2198 keV line is so far unplaced. It could possibly
be a transition in129Sn following the beta decay of the 29/2+

isomer. However, no supporting evidence for this is seen in
the coincidence spectra.

The levels of129Sn populated in theb decays of the three
isomers in129In are shown in Figs. 6–8. All states proposed
in the previousb-decay study[7] are confirmed and the com-
bined level scheme has been extended with 18 additional
excited states. 78g-ray transitions were placed in the
scheme. Note also in129Sn the disagreement between the
feeding and depopulatingg-ray intensity for the 1173 keV
state.

The neutron hole states(d3/2, h11/2, s1/2, and a doublet
containing g7/2) are identified at 0, 35, 315, and 1865
+2118 keV, again in agreement with Ref.[7]. Our data show
a good candidate for the missingd5/2 state at 1456 keV,
which energy agrees well with expectations from systemat-
ics.

The four negative parity states from the coupling of the
h11/2 neutron hole to the core 2+ level are found in the range
764 to 1360 keV. The level scheme shows six states likely to
represent thed3/2 ands1/2 neutron holes coupled to the core
phonon at 769, 1047, 1054, 1222, 1288, and 1455 keV. The
highest lying of these states probably has a strong component
of d5/2 as discussed above, and in similarity to127Sn.

At higher energies we are able to identify a few states of
3qp character due to their modes of feeding and decay. The
presence ofms isomers in129Sn has long been known, see,
e.g., Ref.[7]. In a recent work by Geneveyet al. [4], two
isomeric states were identified at 1761.2 and 1802.2 keV,
with half-lives of 3.6 and 2.4ms, respectively. When gating

on the delayed transitions at 383, 570, 1136, and 1324 keV,
the present analysis reveals two components in the TAC
spectrum, with half-lives of 3.2 and 2.0ms, both in agree-
ment with previous results[3,4,7], see Table II and Fig. 2.
The 19/2+ and 23/2+ assignments proposed by Pinstonet al.
[3] and Geneveyet al. [4] are highly plausible and are
adopted by us.

These two levels are populated through theb decay of the
high spin isomeric state in129In. As in 127In, this isomer
should be a member of thepg9/2

−1 nh11/2
−1 nd3/2

−1 multiplet. The
main GTb branch in the decay feeds a level at 3993 keV in
129Sn with a transition effectively of the typepg9/2

−1 →ng7/2
−1 .

Unlike the situation in127Sn, we find no trace of ag transi-
tion from the 3993 keV state to the 15/2− phonon state at
1172 keV. AnE2 transition between these states would be of
the typeg7/2→d3/2 and thus allowed by the configurations,
but can be forbidden if the states differ too much in angular
momenta. The absence of this transition leads us to conclude
that the angular momenta of the 3993 keV state and of the
129In high spin isomer both are one unit higher than for the
corresponding states in127In and 127Sn. The129In isomer is
therefore assigned 23/2−, which is the maximum alignment
of the configuration. Theb decay of the isomer can thus
populate the 23/2+ and 19/2+ states in129Sn with first for-
bidden and first forbidden unique transitions, respectively.
Our data show only the combined transition intensity of
about 14% to these final states in129Sn. We assume that this
number in practice represents the feeding of the 23/2+ state
since the unique transition to the 19/2+ level is expected to
be at least an order of magnitude weaker. The configurations
involved in the initial and final states of this first forbidden
decay suggests that the effectiveb transition is almost purely
of the typepg9/2

−1 →nh11/2
−1 , which has never been observed

between single particle configurations. Our data permit us to
deduce logft values of 6.2 and 5.8 for these transitions in
the decays of127In and 129In, respectively. The value ob-
tained for the129In transition, which is expected to connect
relatively pure three-particle configurations, is likely to give
a good estimate of the “true” transition strength and shows
that this type of first forbidden transition is rather fast. The
observed logft=5.8 compares well with the logft=5.7 seen
[14] for a corresponding transition(between particle-hole
states) in the decay of132In to the 4848 keV level in132Sn. It
is probable that the 9/2+ ground states of127,129In decay by
similar b transitions to the 11/2− isomers of the Sn nuclei,
having transition intensities of the order 5% –15%. These
possible transitions cannot be observed due to the strongb
radiations from other branches of the In decays.

E. Interpretations and discussion

A shell model calculation of the low-lying spectra of
127Sn and129Sn has been carried out using the 2s1/2, 1d3/2,
1d5/2, and 0g7/2 from the N=4 shell plus the intruderh11/2
from theN=5 shell to define the model space. Starting from
a nucleon-nucleon potential derived from modern meson ex-
change models, this potential is renormalized for the given
medium with 132Sn as a closed shell system, yielding the
nuclear reaction matrixG. TheG matrix is in turn used as the
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starting point for a perturbative many-body scheme for de-
riving effective shell-model interactions, see, e.g., Refs.
[15,16]. In Ref. [15] a preliminary calculation was done in a
situation where rather few spin values were reasonably well
established. In the present work many new assignments are
given which make a comparison with theory very interesting.
Thus we recalculate127Sn and129Sn in the same framework
with one parameter changed, the energy of the single-particle
stateh11/2 in 131Sn from the erroneous value 242 keV to the
new experimental value of 65 keV[17]. It is encouraging to
see that theory now reproduces the triplet states
11/2−, 3/2+, and 1/2+ in correct order in both cases.

The results are summarized in Table IV for127Sn and
Table V for 129Sn. Without any adjustable parameters the
theory reproduces a large number of states in both nuclei. In
this context, a discrepancy up to 200 keV is considered ac-
ceptable. In general, the theoretical values are somewhat
higher than the experimental values which may indicate a
weak effect from the nextN=5 shell showing that132Sn is a
good closed shell system.

In 127Sn, there is a disagreement for the first 7/2+ state of
about 300 keV. This deviation is also seen for 7/2+ states in
other Sn nuclides[15], and one possible reason is that there
is too much pairing correlation in the current model. How-
ever, of the other 7/2+ states in127Sn, three have deviations
of less than 100 keV, while the last one shows a deviation of
157 keV. The remaining deviations are 220 keV or less, and
will not be discussed here. As for the ordering of the levels,
the overall agreement is good.

In 129Sn, the situation is similar to that of127Sn, and the
first 7/2+ state is about 200 keV too high. The next two 7/2+

states have small deviations of 100 keV, while the last iden-
tified 7/2+ shows a deviation of 680 keV. This could be due
to unobserved levels. One uncertainty in this assignment, is
that the level at 1047 keV is probably a 7/2+ state, close to
the 1054 keV level which here is considered as 7/21

+, and if
this is the case, the deviations of the higher 7/2+ will be
rather large. The 3/21

− state shows a deviation of almost
1 MeV, which could be due to an unobserved level, since
this deviation is so much larger than the rest. The 5/21

−, 9/21
−,

and 13/21
− have larger deviations of 223, 414, and 344 keV,

respectively. The problem of the 9/21
− state was also seen in

the article by Holtet al. [15]. The reason for this is not
understood.

In the case of129Sn, several other calculations are avail-
able. Geneveyet al. [4] have used theOXBASH code to cal-
culate the high spin states, and the agreement between theo-
retical and experimental values is generally very good. The
main difference between this calculation and the shell model
method, is that theOXBASH uses two-body matrix elements
of residual interaction extracted from experimental data
where it is possible, while the shell model approach starts
with the meson exchange. In both cases the agreement with
experimental data is quite satisfactory, but it is clear that
more precise model calculations are desired.

Recently, results from Geneveyet al. [18] regarding the
level scheme of129In have been presented, suggesting a level
at 1688 keV having a spin of 17/2−. This state is an isomer
with a half-life of 8.5ms, and proposed to be a member of
thepg9/2

−1 nsd3/2
−1 h11/2

−1 d multiplet. The results of anOXBASH cal-

culation given in Ref.[18] suggests that the maximum spin
member, 23/2−, of the multiplet is present within a few tens
of keV from the 17/2− state. This result fits quite well with
our finding of the isomeric 23/2− state at 1630±56 keV in
129In. For 127In, no excited states has been determined, so a
similar discussion is not possible.

Using the present results, several interesting comparisons
can be made. The systematics of relativeM2 andE2 transi-
tion rates from theg7/2 to the h11/2, and d3/2 levels of
125,127,129Sn are shown in Table VI. TheE2 transition rate has
been normalized to 100 in all cases, so only theM2 rate is
given explicitly in Table VI. One can note that the relative
rates of these single particle transitions are remarkably con-
stant as a function of the mass number.

The half-lives of theE2 isomers in Sn are given in Table
II. For the newE2 transition from the 1931 keV level in
127Sn, we find BsE2,104 keVd=0.40 W.u. or 15.2e2 fm4

which is somewhat less than observed by Geneveyet al. [4]
for the corresponding transition in129Sn. TheE2 transition
probabilities from the microsecond isomers have been calcu-
lated theoretically and are shown in Table VII along with the
results from our experiments. The calculated values agree
well for 129Sn, but is somewhat low for the 23/2+ to 19/2+

transition in 127Sn. When extracting values of the effective
neutron charge from the experimental data, the values ob-
tained for 129Sn are in good agreement with the value of
0.85(3) found for the 10+ to 8+ transition in130Sn [19]. The
discrepancy between experiment and calculations seen cur-
rently for 127Sn is not unlike the situation reported in Ref.
[19] when going from130Sn to128Sn and may have a similar
cause. TheM2 transition from the 1827 keV level in127Sn
has BsM2,732 keVd=0.18310−3 W.u. The corresponding,
unobserved 589 keVM2 transition in 129Sn has a partial
half-life of more than 100ms. TheBsM2d is thus less than

TABLE VI. Systematics ofM2 andE2 rates from theg7/2 lev-
els, with energies in keV and theE2 rate is 100 in all cases.

A 125 127 129 129

E skeVd sE2d 1335 1597 1864 2118

E skeVd sM2d 1362 1602 1830 2083

M2 rate 0.33 0.50 0.33 0.42

TABLE VII. Calculated and experimentalE2-transition prob-
abilities for the ms isomers, where the experimental values are
found assuming an effective chargee=1. The internal conversion
coefficients used are from Röselet al. [20]. The resulting effective
charge is also shown.

Transition

Theoretical
transition

rate se2 fm4d

Experimental
transition

rate se2 fm4d
Effective
charge

127Sn 19/2+→15/2+ 70.37 34(3) 0.71(6)
127Sn 23/2+→19/2+ 7.43 15.2(20) 1.43(9)
129Sn 19/2+→15/2+ 110.2 51(7) 0.69(10)
129Sn 23/2+→19/2+ 74.8 50(6) 0.86(8)
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about 0.2310−4 W.u. We refer to the work by Pinstonet al.
[3] for a discussion of theseM2 transition rates.

IV. SUMMARY

In accordance with the expectations, new 3qp isomers
have been found in127In, 129In, and127Sn. Theb-decaying In
isomers are probably 21/2− in 127In and 23/2− in 129In, have
half-lives of 1.04±0.10 and 0.67±0.10 s, respectively, and
are located about 1.9 and 1.6 MeV above the ground state. In
127Sn the 1826 keV isomeric state with a half-life of
4.8±0.3ms reported by Pinstonet al. [3] is confirmed, along
with a new isomer at 1931 keV decaying into the 1826 keV
level, with a half-life of 1.26±0.15ms. In 129Sn two isomers

are also seen, in accordance with Geneveyet al. [4]. The
half-lives are 2.0±0.2ms for the 19.7 keV transition and
3.2±0.2ms for the 41.0 keV transition. The level schemes
constructed agree well with the shell model calculations per-
formed.
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