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The decay properties df’In and 29n have been investigated using Isotope Separation On-UB©L)
produced samples. In bofIn and *2%n 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 andgg, character. @ measurements show that the new isomeric states are present at energies approaching
2 MeV above the ground states. The level scheme$@h and'?°Sn have been considerably extended. The
modes of feeding and decay of the tws isomers in each of the Sn nuclei are fully elucidated, including new
half-life determinations. Shell model calculations ¥iSn and'?°sn were performed, giving results in good
agreement with the new data.
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I. INTRODUCTION following the B decays by multispectrum scalifi!SS) of

In the vicinity of the doubly magid3Sn, the unique par- Singles spectra and byy- and By-coincidence measure-
ity orbitals situated just below shell closure give rise to aments. The MSS data were used to determinefuecay
multitude of high spin states of three-quasiparti@gp) na-  half-life associated with eachtransition, while theyy mea-
ture in the odd-mass nuclides. The present study was initisurements were used to verify and extend the level schemes
ated in order to search for ne@tdecaying isomers of?in  of '2’Sn and*?%Sn. TheBy-coincidence spectroscopy mea-
and 12n. Low-lying 3gp states will often have a unique surements have been used to find the end point energies of
structure and their properties are of importance for tests oindividual B transitions to selected final levels, which were
theoretical calculations. A well known example is given by needed for the determination of the excitation energies of the
the B-decaying isomer at 4.3 MeV it*in [1], which popu- new isomeric states. The new data on the structures of
lates high spin states at a similar energy*{tSn. The high  127.12%n are interpreted by comparison with results from a

excitation energies here are a consequence of the single-ha@ell model calculation using realistic effective interactions.
character of these nuclides. Further away from the shell clo-

sure, many of the high spin 2gp and 3qp states are found in

the 2 MeV region. Il. EXPERIMENTAL DETAILS

Near the middle of the neutron shell, heavy ion reactions The measurements were performed at the OSIRIS fission

have proved to be efficient for the population of such Statesproduct mass separator at Studsvik, Sweden. For details on
Some years ago Mayet al.[2], observed microsecond yrast this facility, see Ref[10] and references therein.

isomers populated in deep inelastic collisions leading to 2 N o .
11912112 "|n the more neutron-rich nuclides, the popula- The A=127 andA=129 activities were obtained from

tion of high spin states is more efficiently achieved in fission.thérmal neutron-induced fission of &U carbide target in

This mode of excitation has been used, for example, by PinSide the combined target and ion sourcasBis [11]. During
stonet al. [3-5] to identify s yrast isomers if2>127.12&p the measurements of singles data, surface ionization was

and in the heavy Sb isotopes. Even more long-lived yrast/Sed to select the element In and thereby suppress the daugh-
traps with millisecond life times were found i-HalTe and ter activities. For the coincidence measurements, plasma 10Nn-
125,129 during the ear|y course of the current wofg]. ization was chosen in order to obtain somewhat hlgher
There were thus good reasons to expect the presence WElds. After mass separation, the=127 or A=129 beam
B-decaying isomers if?"*2In, as well as strong indications Wwas collected on a movable Al-coated Mylar tape in the cen-
for such isomers in previous data as pointed out by Pinstoker of the measuring station.
et al. [3]. The experimental setup for they coincidences consisted

An additional motivation for this work was that more de- of three Ge detectors of which one was a low energy photon
tailed information was desired on the structures®d®n and  (LEP). Three Ge detectors were also used for then@ea-
1293, two rather simple systems with five and three neutronsurement, where the LEP detector now was usedgisggec-
holes. Investigations of these nuclei have previously beetrometer. In this latter case the LEP could “view” the beam
reported by DeGeer and Holii7] from early works at our collection spot through two thin windows of Al and Be, as
laboratory, and the compilations in Nuclear Data ShE&8 described in Ref{12]. The LEP electronics was set to accept
are mainly based on the study by these authors. energies up to about 16 MeV.

In the present work, a comprehensive study of thén The y-ray MSS measurements were performed in a re-
and*?9n decays is described. We have studied the radiationpeated cycle consisting of eight sequential time groups, each
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yielding a spectrum recorded with a Ge detector. The cycle TABLE I. Results from the measurement of the total decay en-
was started after removal of the old sample by the tape trangrgies of'*"*%In.
port system. The first time group was a background radiatiof

measurement with the beam deflected. The second and third Excitation energy
groups were collected while the beam was continously de- of initial state
posited on the tape. The remaining spectra were collected-decaying state Derived QkeV)® (keV)

with the beam deflected, in order to study the decaying acr,7,

tivities. In the case oA=127, the group time of the spectra In 972" 657920 0

was 1.0 s, which gives suitable conditions for studies of the 1z 699963) 42069

B decays of the two known isomers #n, with half-lives 21/Z 844256) 186358)

of 1.09 and 3.67 s. The isob&'Cd was also present, how- 2In 9/2* 778Q26) 0

ever, with a much lower yield and having a short half-life of 1/2° 814938) 36946)

0.43 s, which was easy to differentiate from the In half-lives. 23/2- 941Q50) 163Q056)

For A=129, a group time of 0.5 s was chosen, suited for th
B decay of the two known isomers #9n, with half-lives of ¢ the last digit
0.61 and 1.23 s. Othek=127 andA=129 isobars present in ot the fast digit

the samples have half-lives considerably longer than thesﬁitially analyzed by choosing a delayed TAC window and
values. o , _ y-ray gates on the transitions cascading from gseisomers
The energy calibrations were obtained by using wellin the Sn daughter nuclei. After having established that the
knowny energies from#Sn and'?°Sn as internal reference mgin B transitions populate levels at higher energies, the
points as well as external so_u_rcesl?)?_Eu, Pb xrays, and the  fina| g-spectra end point energies were derived from sums of
6128 keV line from'0. Additional singles spectra of cali- spectra projected using prompt gates on fheays depopu-
brated reference sources were also recorded for the deterrrpé1ing the 3605 and 3993 keV states#Sn and!2%n, re-

%Here and in the following tables, all uncertainties are given in units

nation of detector efficiencies. spectively. Additional prompt-ray gates were used to de-
termine end point energies of strong transitions in the decays
lll. EXPERIMENTAL RESULTS of the ground states and 17%omers of the In nuclei. The

excitation energies of the new In isomers were determined
from the derived Q values. The results of the neasure-
The general features of the decays'®in and*?%n are  ments are shown in Table I.
quite similar. As a consequence, similar analysis methods The By-data set gave the possibility of studying the half-
were used. Since the data clearly showed the presence ofliges of the high spin states in the Sn nuclei by projecting
new B-decaying isomer in both cases, an immediate concerMAC spectra gated both bg particles and the depopulating
was how to assign the observed transitions to each of the-transitions in Sn. Examples of TAC spectra are given in
isomers present. From the MSS data, many transitions couldigs. 1 and 2. Our data showed the presence of gwaso-
be identified as belonging to the decay of either the two highmers in both'?’Sn and!?°Sn. Table Il shows a comparison
spin isomers or to the low spin isomer in In, the latter with abetween the half-lives found in this study and previously at
significantly longer half-life. Separation of the two high spin Institute Laue-LangevitilLL ), Grenoble[3,4].
isomers was not possible from the MSS data alone, since in We made one attempt to determine absolsy inten-
both A=127 andA=129 the half-life of the new isomer sities in the decays of the In isomers by a simultaneous MSS
turned out to be practically identical to the half-life of the measurement of rays andg particles. The results were not
known 9/2 ground state. However, some of the transitionsmore accurate than the values already reported by Rudstam
have previously been observed to follow the decays of highi13]. The results of Rudstam are therefore used here, with a
spin states withus half-lives[3,4], and could therefore be small correction for the presence of the new high spin
assigned to the new high spin isomer. The coincidences g-decaying isomers. The data indicate that there is no strong
were then used to assign the weaker transitions and to r¢s feeding of the S, ;,, states from the ligg, ground states.
solve transitions appearing in the decays of more than on#/e have neglected these possible but unobsep/e@nsi-
isomer. The division of intensity and assignment of suchtions when deducing the absolute intensities in the In ground
lines was cross-checked with the results from the MSSstate decaygThe g-transition intensities may amount to a
analysis. In addition to the prompty coincidences, delayed few percent as discussed later in tgdthe intensities of the
coincidences were also investigated in order to link the transtrong first forbiddens transitions feeding the Sds;, and
sitions above the isomeric states in Sn with the transitions,,, states are given in Table Il as obtained from the data of
below. This was possible since the time-to-amplitude conRef.[13] and the decay schemes presented here. Data for the
verter(TAC) gate was chosen to be/s wide, and although corresponding transitions in the decay of the single proton
the delayed signals are weak, the coincidences were unarhele nucleust!in are included in Table Ill for comparison.
biguous. Regarding the3 decays of the new high spin In isomers, we
The By-coincidence data, which were taken using 20 note that they-ray cascades in the Sn nuclei are ultimately
TAC range, were analyzed with respect to determinations ofoncentrated into 2—3 transitions leading to the, states.
the end point energies of selectgdransitions. The3 tran-  The combined intensities of these transitions have been taken
sitions from the decays of the new high spin In isomers wereo represent 100% of the respective decay. It should be noted

A. Data analysis
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(a) TABLE Il. Comparison of the half-lives oE2 isomers in Sn
350 4 .. oz measured in the present and previg8gl works.
J Decay of the 23/2" isomerin “'Sn
300 A half-life of 1.26(15) ps was found .
] from the fit shown State Present Previous
=
a 1275n 23/2 (1931 ke\j 1.26(15) us
£ 1275n 19/2 (1827 ke 4.8(3) us 4.5(3) us
g 12951 23/2 (1801 ke 2.0(2) us 2.4(2) us
b= 12951 19/2 (1760 ke 3.2(2) us 3.6(2) us
3
that we observe an imbalance of theay intensities for the
T 1 T I U transitions feeding and depopulating the lowest excited lev-

0 5 ) ) 10 15 20 els (13/Z and 15/2) in each of these cascades. Lacking
(b) Time bins of 321 ns each other plausible explanations for the imbalances, we suggest
2200 - that the cause is a feeding of these excited states by unob-
" Decay of the two '“’Sn isomers servedy rays of relatively high energies.
For the 19/2" isomer, a half-life of
2000 < - 4.8(3) ps was found from the fit shown
£ B. Systematics and spin assignments
:'g: 1800 ~ The ground states of all known odd In nuclei are formed
5 by thegg,, proton hole state. In the neutron rich isotopes, this
1600 - state decays with a strong Gamow-Tell@T) transition,
g with a log ft of about 4.4, to the neutrogy,, state in the Sn
S 1400 - daughter. They decay of the latter state is dominated by an
E2 transition to the neutrody, level. This decay sequence is
1200 e a prominent feature al_so in the In 97/decays _st_udied he_re.
0 2 4 6 8 10 12 14 16 18 20 22 24 The vy rays corresponding to thg,,— ds, transitions domi-

Time bins of 803 ns each nate the spectra. In analogy with DeGeer and Hpfin we
. o adopt these 7/2and 3/2 assignments as firniln 12°Sn, the
FIG. 1. (8 ATAC spectrum obtained betweghparticle signals 7,2+ strength is split on two states having similar decay pat-
from a LEP spectrometer and events from the 104 keV transition ”lerns) We also adopt as firm the 172nd 3/2 assignments
'S detected in a Ge detector. A half-life of 1(26) us was given by Ref.[7] for the two lowest low spin states popu-
deduced for the 23/2isomer from thedata shown. The coincident lated by the strong first forbidden transitions in the decays of
background was subtracted from the spectr(bpA TAC spectrum the 127.129n p, , isomeric states. The spins and parities of

obtained as above, but by gating on the 715 keV transition, contain- b 10712 g
ing half-life contributions from both isomers. The half-life of the several additional levels if¢"**Sn then follow from appli

: . cation of the selection rules fg8 and y transitions.
| deduced b th lue fi . .
lgi\éve;( ;ir;etrhlvi; ¢ feduced as @Bus by using the value from - =%,\" g GT branch with a logt of 4.4-4.5 is observed
' ' in the decays of each of the high spin isomers found pres-
ently in 127123n, These branches are interpreted to have the

3000 oo same character as thegg,— g7}, transitions mentioned
Decay of the two “"Sn isomers above. However, the subsequentiecays of the populated
2500 Half-lives of 2.0(2) and 3.2(2) ps levels are not dominated by the correspondi2gtransitions,
£ resulted from the fit shown because the final states in thgselecays are highly excited,
2 2000 opening possibilities for competition from much fastet
= decays. The most likely shell model configuration for the
g high spin In isomers is &g, proton hole coupled to two
2 neutron holes in theh;;,, and dg, orbitals (the latter is
3 1900 equivalent to the 7 two-neutron core states if?8Sn and
O 1303n). The GT decay effectively transforms tlyg, proton
|
TABLE lll. Intensities in %/decay of the strong first forbidden
1e04 T transitions following the decays of thm,, isomers of the heavy In
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 isotopes. The relative uncertainties in the values are about 10—20%.
Time bins of 643 ns each
_ Final state\mass 127 129 131
FIG. 2. A TAC spectrum gated on the 382 and 570 keV transi-
tions in 12%Sn, thereby showing half-life contributions from both P32 50 77 95
isomers. An analysis of the growth and decay shape of the spectrum g . 34 17 3

resulted in the half-life values shown.
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hole to ag;,, neutron hole in the final state configuration. In nal). The latter state is in practice a member of the multiplet
the case of?’Sn, rather strong8 transitions are populating formed by theh,;,, neutron hole coupled to the dhonon of
both of the 19/2 and 23/2 microsecond isomer@&liscussed the core, and is found witdi™=15/2" at 1094.7 keV. In the
below), indicating a 21/2 assignment for the high spin case of the'®In high spin decay, the final state of the GT
B-decaying parent state. The final state of the GT transitiorransition(at 3993 keV in'?°Sn) decays by strondEl tran-
then hasJ™=19/2", which is fully consistent with the ob- sitions to both the 19/2and the 23/2 us isomers int?°Sn.
served y-ray branchings. The strongy decay of the The 3993 keV state is thus 217/2corresponding to the
3605 keV state to a well established 15/8vel practically maximum alignment of this three-neutron configuration. An
ensures the suggested negative parity, and hence also a ne§2-decay to the 15/2phonon state is therefore not possible
tive parity of the!?/In isomer. One should note that tl2  as in'?’Sn. The high spin isomer it¥An must then be 23/2
transition corresponding t;,,— dz;, NOwW proceeds between since these fast GT transitions conn@@ndJ—-1 states.
configurations having three neutron holes in the, hiy/, The following two sections give some details on the de-
and ds, orbitals (initial) and theh,4,, plus d§,2 orbitals (fi- duced properties of thA=127 andA=129 In to Sn decays,
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and is followed by a summary of a shell model calculationdepopulating the 1095 and 1243 keV states, and also that the
describing the structure of the Sn nuclei. 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 charaatley,, ds,, Si/, and
C.A=127 0;/») are identified at 0, 5, 258, and 1603 keV in agreement
The levels of'?’Sn populated in the decays of the three Inwith the results of DeGeer and Holfid]. A 5/2* state iden-
isomers are shown in Figs. 3-5. The previously prop¢ggd tified by us at 1332 keV is likely to represent the, so far
excited states are confirmed and 34 additional levels haveissing, neutron holds,, state. The excitation energy agrees
been established presently. A total of 126 transitions werevith expectations from systematics, and tB8 and M1
placed in the decay schemes. One should note the imbalanbeanching of the transitions in theray decay to lower-lying
mentioned above regarding theray intensities feeding and hole states is in fair agreement with the observed decay prop-
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TABLE IV. Results from the shell model calculations f'Sn TABLE V. Results from the shell model calculations f°Sn
compared to the experimental data. compared to the experimental data.

J7 Ecalc (MeV) Eexp (MeV) J7 Ecalc (MeV) Eexp (MeV)
11/2 0 0 312 0.000 0
3/21 0.032 0.005 11/2 0.052 0.036
1/2; 0.172 0.258 1/2 0.307 0.315
9/2] 0.793 0.646 5/2; 0.992 0.769
712 0.896 0.964 712 1.060 1.044
312 0.937 0.954 9/2] 1.178 0.764
5/2 0.942 0.810 3/2, 1.252 1.222
15/ 1.075 1.095 712 1.262 1.054
5/2, 1.288 1.331 1%221 1‘2112 1172
112 1.338 :

712 1.341 1.054 1172 1.464
312, 1.357 1.233 2; gﬁ 1-;23 1222
13/2; 1.418 1.243 11/22,{ 1.692 ’
52, Laar 13/ 1.704 1.360
7/2; 1.519 1.603 9/2; 1'730 '
é}g 122? 5/25 1.755
' 15/21r 1.812 1.742

13/ 1.655 19/2 1.836 1.761
312 1.676 13/2 1.865
312 1.696 2312 1.874 1.801
9/2; 1.738 3/2; 1.912
112 1.762 712, 1.944
712 1771 1.702 712 1.970 1.865
1172 1.786 5/2; 2.002
912, 1.814 15/2, 2.045
11/ 1.888 13/2 2.053
11/2; 1.924 7/2% 2.078 2.118
19/2 1.984 1.91% 11/2 2.082
19/% 2.017 1.827 9/2, 2.091
9/2; 2.025 3/2; 2.104 3.079
712, 2.029 5/2, 2.112
1SIZI 2.038 1.810 13/2; 2.126
9/2; 2.054 9/2; 2.134
3/2 2.057 11/2, 2.141
13/2 2.062 17/21r 2.256
712 2.066 1.909 13/2 2.275
5/2, 2.068 9/2 2.296
7/2g 2094 2024 712, 2.304 2.984
13/2 2112 13;% ;zég
712; 2.118 g S aao
2312 2.123 1.931 % '

. 312 2.351
°/2% 2.134 19/2; 2.372
15/% 2.137 11/2; 2.384
1772, 2179 1712 2.425
19/2 2197 1/2; 2.430
5/2% 2.260 11/2 2.455
1312, 2.261 15/2 2.456
17/ 2276 15/2, 2.477
9/2 2.289 11/2, 2.509
15/2 2.292 11/2 2.518
15/2 2.300 21/2 2,531

“Spin not conclusively decided experimentally. a3pin not conclusively decided experimentally.
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present investigation has revealed an additional isomerion the delayed transitions at 383, 570, 1136, and 1324 keV,
state at 1931 keV, decaying by a 104 keV transition to theéhe present analysis reveals two components in the TAC
lower isomer. The half-life of this second isomer was foundspectrum, with half-lives of 3.2 and 2/s, both in agree-
to be 1.2615) us, see Table Il, which is compatible with an ment with previous result§3,4,7), see Table Il and Fig. 2.
E2 multipolarity of the 104 keV transition. The spin of the The 19/2 and 23/2 assignments proposed by Pinstiral.
new isomer is thus most likely 23/2. The structure of the[3] and Geneveyet al. [4] are highly plausible and are
state can be seen as a coupling oflihg, neutron hole to the adopted by us.
7~ core state, which is equivalent to the maximum alignment These two levels are populated through ghéecay of the
when coupling a pair oh;;,, neutron holes to the,, neu-  high spin isomeric state id?4n. As in 27n, this isomer
tron hole. We note with interest that the beta transitions fronshould be a member of thegg/,vh;1,vds;, multiplet. The
the 1?In high spin isomer to these two final states#Snin  main GT 3 branch in the decay feeds a level at 3993 keV in
practice are of the typegy»— vhi1,,, as discussed further in  *2%Sn with a transition effectively of the typegg,— 197}
the next section. Unlike the situation int?’Sn, we find no trace of & transi-
tion from the 3993 keV state to the 15/phonon state at
1172 keV. AnE2 transition between these states would be of
D.A=129 the typeg,;,— ds» and thus allowed by the configurations,
The data from thé?4n decay showed twg-ray lines at  but can be forbidden if the states differ too much in angular
281 and 2198 keV with a half-life of about 0.11 s, which is momenta. The absence of this transition leads us to conclude
significantly shorter than for other lines in the spectra. Thethat the angular momenta of the 3993 keV state and of the
LEP detector spectra also showed the presence dfdn - In high spin isomer both are one unit higher than for the
radiation with the same short half-life. Assuming that the Incorresponding states itfin and *#Sn. The'*%n isomer is
X rays were excited by internal conversion from the 281 ke\therefore assigned 2372which is the maximum alignment
transition, we deduce &2 or E3 multipolarity of which the  Of the configuration. The3 decay of the isomer can thus
latter is more probable with regard to the half-life. As re- Populate the 23/2and 19/2 states in'?°Sn with first for-
ported previously6], we propose that the 281 keV line is an bidden and first forbidden unique transitions, respectively.
isomeric transition in'24n, connecting the expected 29/2 Our data show only the combined transition intensity of
yrast isome(formed by a Coup”ng of thgglz proton hole to about 14% to these final Stateslﬁ?Sn. We assume that this
the 10 core statgto the 23/2 B-decaying isomer studied Number in practice represents the feeding of the 23tate
here. The 2198 keV line is so far unplaced. It could possiblysince the unique transition to the 19/@vel is expected to
be a transition ift2°Sn following the beta decay of the 2972 be at least an order of magnitude weaker. The configurations
isomer. However, no supporting evidence for this is seen ifnvolved in the initial and final states of this first forbidden
the coincidence spectra. decay suggests that the effectjgeransition is almost purely
The levels ofi2%n populated in th@ decays of the three Of the type mggj,— vhy1,, which has never been observed
isomers in'2n are shown in Figs. 6—8. All states proposed between single particle configurations. Our data permit us to
in the previou$_decay Stud)[?] are confirmed and the com- deduce |ngt values of 6.2 and 5.8 for these transitions in
bined level scheme has been extended with 18 additiondhe decays ofIn and **In, respectively. The value ob-
excited states. 78y-ray transitions were placed in the tained for the'*In transition, which is expected to connect
scheme. Note also if?%n the disagreement between therelatively pure three-particle configurations, is likely to give
feeding and depopulating-ray intensity for the 1173 kev & good estimate of the “true” transition strength and shows
state. that this type of first forbidden transition is rather fast. The
The neutron hole state@ly,, hyij Si and a doublet observed logft=5.8 compares well with the lofg=5.7 seen
containing g;,) are identified at 0, 35, 315, and 1865 [14] for a corresponding transitiotbetween particle-hole
+2118 keV, again in agreement with RET]. Our data show Stategin the decay of*4n to the 4848 keV level it®Sn. It
a good candidate for the missirdy, state at 1456 keV, IS probable that the 9/2ground states of*"**In decay by
which energy agrees well with expectations from SystematSim”ar ﬁ transitions to the 11/2isomers of the Sn nUClei,
ics. having transition intensities of the order 5% —15%. These
The four negative parity states from the coupling of thePossible transitions cannot be observed due to the stfong
hy1/, neutron hole to the core*2evel are found in the range radiations from other branches of the In decays.
764 to 1360 keV. The level scheme shows six states likely to
represent thel,,, ands,;, neutron holes coupled to the core , ) )
phonon at 769, 1047, 1054, 1222, 1288, and 1455 keV. The E. Interpretations and discussion
highest lying of these states probably has a strong component A shell model calculation of the low-lying spectra of
of ds), as discussed above, and in similarity'fdSn. 127Sn and*?°sn has been carried out using thg,2 1ds,,
At higher energies we are able to identify a few states oflds,,, and @, from the N=4 shell plus the intrudeh,y,
3gp character due to their modes of feeding and decay. Thieom theN=5 shell to define the model space. Starting from
presence ofus isomers int?°Sn has long been known, see, a nucleon-nucleon potential derived from modern meson ex-
e.g., Ref.[7]. In a recent work by Genevest al. [4], two  change models, this potential is renormalized for the given
isomeric states were identified at 1761.2 and 1802.2 keVinedium with 13%Sn as a closed shell system, yielding the
with half-lives of 3.6 and 2.4s, respectively. When gating nuclear reaction matri&. TheG matrix is in turn used as the
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starting point for a perturbative many-body scheme for de- TABLE VI. Systematics oM2 andE2 rates from theg;, lev-
riving effective shell-model interactions, see, e.g., Refsels, with energies in keV and tHe2 rate is 100 in all cases.
[15,16. In Ref.[15] a preliminary calculation was done in a

situation where rather few spin values were reasonably well A 125 127 129 129
established. In the present work many new assignments are

given which make a comparison with theory very interesting. E (keV) (E2) 1335 1597 1864 2118
Thus we recalculaté?’Sn and*?°Sn in the same framework  E (keV) (M2) 1362 1602 1830 2083
with one parameter changed, the energy of the single-particle M2 rate 0.33 0.50 0.33 0.42

stateh,,, in *3!Sn from the erroneous value 242 keV to the
new experimental value of 65 keM.7]. It is encouraging to
see that theory now reproduces the triplet stategulation given in Ref[18] suggests that the maximum spin
11/, 3/2', and 1/2 in correct order in both cases. member, 23/2, of the multiplet is present within a few tens

The results are summarized in Table IV f&'Sn and  of keV from the 17/2 state. This result fits quite well with
Table V for ?%Sn. Without any adjustable parameters theoyr finding of the isomeric 23/2state at 163056 keV in
theory reproduces a large number of states in both nuclei. 9, For 1278 no excited states has been determined, so a
this context, a discrepancy up to 200 keV is considered aCsjmilar discussion is not possible.

ceptable. In general, the theoretical values are somewhat ging the present results, several interesting comparisons

higher than the experimental values which may indicate @, pe made. The s ; ;
_ : o . ystematics of relatig andE2 transi-
weak effect from the nexti=5 shell showing that®’sSn is a tion rates from theg,, to the hyy, and dg, levels of

go?d gl%sedthshel[ sysg?m. t for the first 74gate of 125,127,128 are shown in Table VI. ThE2 transition rate has
n n, tNere Is a disagreement for the 7irs €01 heen normalized to 100 in all cases, so only Kh2 rate is

atbhout 8300 kel\{j. TTS dev(ljatlon IS als%lseen for 7.5%[’:]6? t't? given explicitly in Table VI. One can note that the relative
other Sn nuclide$15], and one possible reason is tha €l ates of these single particle transitions are remarkably con-

is too much pairing correlation in the current model. How- .

ever, of the other 7/2states in*2’Sn, three have deviations Sta.?; : Sh:”lillJi\r:ggogf ?ri ;226 irsnc?rzserr;uir:bsir.are given in Table
of less than 100 keV, while the last one shows a deviation ofl For the newE?2 transition from the 1931 keV level in
157 keV. The remaining deviations are 220 keV or less, and2'7Sn we find B(E2,104 ke\j=0.40 W.u. or 15.8% fm?

mg gstert;f" (:l'sfgesr?]eedmhg re'o'g‘z for the ordering of the IeVe"c’\/vhich is somewhat less than observed by Genetegl. [4]
in 1295 t%e situation |gs sirﬁilar to that 887Sn. and the for the corresponding transition #°Sn. TheE2 transition
' ' 2 probabilities from the microsecond isomers have been calcu-

first 7/2" state is about 200 keV too high. The next two 7/ . . :
states have small deviations of 100 keV, while the last iden!atecj theoretically and are shown in Table Vil along with the

" i . results from our experiments. The calculated values agree
tified 7/2" shows a deviation of 680 keV. This could be due.well for 12950 but is somewhat low for the 23720 19/2*

to unobserved levels. One uncertainty in this assignment, I8 Jnsition in 22’Sn. When extracting values of the effective

that the level at 1047 keV is probably a 7/&ate, close to .
. ) . . neutron charge from the experimental data, the values ob-
:P"es ligStﬁeke(:\;sliveiL\el:Vhdlgc/igt?giésoﬁ‘ognsédﬁ{ eﬁe?ﬁ;\‘;ﬁ]%g tained for 12°Sn are in good agreement with the value of
’ 9 0.853) found for the 10 to 8" transition in*°Sn[19]. The

rlamg/ Iaﬁ?&ﬁ&f&%i?&S}rc],ogr? jngsgé?\t/'gg I(Z:]:/;lllrl?rit: discrepancy between experiment and calculations seen cur-
' ! E}ently for 127Sn is not unlike the situation reported in Ref.

this deviation is so much larger than the rest. The;5922;, - 3 12 L
w2 [19] when going from'3°Sn to128Sn and may have a similar

and 13/3 have larger deviations of 223, 414, and 344 keV, ., e ‘Thav2 transition from the 1827 keV level it?’Sn

respectively. The problem of the 9/8tate was also seen in has B(M2,732 ke\j=0.18x 10 W.u. The corresponding

the article by Holtet al. [15]. The reason for this is not unobserved 589 keW 2 transition in12%Sn has a partial

understood. : -
In the case of2°Sn, several other calculations are avail- half-life of more than 10s. TheB(M2) is thus less than

ESIlzt.thﬁgek:/igftsglih[i]t;[:\s/eaunsde(tjhteh:)grl'ge'?r;' ecn?[dbee':\(/)veC:rll the _TABLE VII. Calculated and experimentdt2-transition prob-

) ) ! . bilities for the us isomers, where the experimental values are
retlf:al _and experimental va_lues IS ge_nerally very good. Th‘?ound assuming an effective charge 1. The internal conversion
main dlffe_rence between this calculation and the shell mOdeéoefficients used are from Roésat al. [20]. The resulting effective
method, is that th@XxBAsSH uses two-body matrix elements charge is also shown.

of residual interaction extracted from experimental data

where it is possible, while the shell model approach starts

Theoretical Experimental

with the meson exchange. In both cases the agreement with transition transition  Effective
experimental data is quite satisfactory, but it is clear that Transition rate(e? fm?)  rate(e? fmf)  charge
more precise model calculations are desired.

Recently, results from Genevest al. [18] regarding the ~ *?Sn 19/2 —15/2" 70.37 343) 0.746)
level scheme of?An have been presented, suggesting a level'?’sn 23/2 —19/2 7.43 15.220) 1.439)
at 1688 keV having a spin of 1772This state is an isomer 1295 19/2 . 15/2* 110.2 517) 0.6910)
with a half-life of 8.5us, and proposed to be a member of 1295 237 _, 19/2* 74.8 5Q6) 0.868)

the mgg ,(d35h11,,) multiplet. The results of anxBAsH cal-
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about 0.2 107* W.u. We refer to the work by Pinstaet al.  are also seen, in accordance with Geneeel. [4]. The

[3] for a discussion of theskl2 transition rates. half-lives are 2.0+0.2us for the 19.7 keV transition and
3.2+£0.2us for the 41.0 keV transition. The level schemes
IV. SUMMARY constructed agree well with the shell model calculations per-
formed.
In accordance with the expectations, new 3qp isomers
127 12! 127 H
have been found i**/In, 12An, and!?’Sn. TheB-decaying In ACKNOWLEDGMENTS
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