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Microsecond yrast isomers were observed in1#e"1?%n isotopes. These nuclei are produced by thermal
neutron induced fission 33U and 23*Pu. The detection is based on time correlation between fission fragments
selected by the LOHENGRIN spectrometer at I[Grenoble¢ and they rays or conversion electrons from
isomers. In this paper, the decay schemes of the new" 1@/ast isomers in*?>127:128n are reported. The
measured low-lying negative parity states are compared with the results of various calculations. This work
suggests also the presence of high spirsomers in*?7124n.

PACS numbgs): 21.10.Tg, 23.20.Lv, 25.85.Ec, 27.64.

I. INTRODUCTION and Rider[6] show that the Sn isotopes in the mass range
A=125-129 are the most strongly produced elements in the
The study of yrast excitations of the Sn isotopes betweeffission of these two targets.
the two magic numberbl=50 andN=82 provides a valu- The LOHENGRIN spectrometer at ILL has been used to
able testing field for the development of the nuclear shelkeparate the fission fragmen(#F) recoiling from thin tar-
models. However, on the experimental side, the odd neutrogets of about 400ug/cn?, according to theirA/q ratios.
rich Sn isotopes in the vicinity of*’Sn are difficult to pro- The FF are detected by&E gas-detector of 13 ¢cm length,
duce. Recently the neutron rich®*2112&n were produced and subsequently stopped in a Mylar window of Jin
in deep inelastic reactiof]. In this work the decay ofts  thickness. They rays decaying the isomeric states are de-
yrast isomers were observed and the intermediate spin regiascted by two large volume Ge detectors and the conversion
up tol=27/2 was explored. AbovA=123 our knowledge electrons are detected by two cooledL$) detectors cover-
comes exclusively from th@-decay datd2,3] where only ing a total area of X6 cnt and located at 7 mm behind the
the low spin region was explored. Mylar window. The electron detection efficiency is about
On the theoretical side, if several calculations have beeB0%. The gas pressure of the ionization chamber was tuned
presented recently for the light Sn isotopes, for the heavyo stop the FF at about 3:m from the outer surface of the
ones only a few microscopic calculations are available. Invlylar window to minimize electron absorption and to have a
Ref.[4] Insoliaet al. have studied the odd Sn isotopes in thegood energy resolution. This setup is designed to measure x
mass range\=117-123, within the framework of a multi- rays and conversion electrons down to 10 and 15 keV, re-
step shell-model BCS formalism. The two body interactionsspectively. The ion transport time through the LOHENGRIN
used in this calculation were extrapolated from the wellspectrometer is about 2.2s for the heavy FF, which limits
known interaction obtained in the Pb region. More recently the studies to half-lives longer than0.7 us.
Holt et al.[5] have computed the low-lying levels of the odd  Events were stored on a disk each time & iSidetector
121712931 isotopes. In this work the effective two body in- or a Ge detector fired within a time range of 465 after a
teraction was derived from a nucleon-nucleon potential. UnfF had reached the focal plan of the spectrometer and was
fortunately, only the low spin levels have been computed. detected. In this case, the parameters recorded ard Ehe
To gain more experimental information on the heavy oddsignal of the ionization chamber and the signals of the Ge
mass Sn isotopes, we have looked for the expegtedso-  and SiLi) detectors with their time delays. So, the possible
mers in the!?127.128n nuclei, with half-lives longer than y-y, y-electron, and electron-electron coincidences are de-
0.7 us. tected and registered. The singles spectra of each detector are
also recorded. This last information is used to subtract the
random events from the spectra measured in delayed coinci-
dences with the FF. The-singles spectra are also used to
The nuclei of theA= 125, 127, and 129 mass chains werededuce the independent production yields of the isomers.
produced by thermal neutron induced fission U and  They are obtained by comparison of the intensities ofhe
239y targets. The tables of independent yields of Englandays deexciting the isomers with lines of the same mass

II. EXPERIMENTAL PROCEDURE
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FIG. 1. y-decay spectra of thes isomers observed in thie= 125—-129 mass chains. Only the most interesting part of each spectrum is
shown to have more readable plots. The Ar line is a high intensity backgrguagl produced by*°Ar(n,y) reaction. InA=127, a weak

contamination of'®?Te is due to their clos&/q values.

chain measured in singles spectra, and of known cumulativeeported in Table I. Most probably they are the same as those

yields of Ref.[6].

Ill. EXPERIMENTAL RESULTS

The level schemes ot?>12712&n \were already studied

already observed by De Geer and HdI&.

The SiLi) spectrum in coincidence with the 382.2 and
570.1 keVy rays is shown in Fig. 3. The two lines of 2550
and 3&1) keV are interpreted as the 36, x rays and an
L-conversion line of a 40 keV transition, respectively. The

through theB decay of the ground states and isomers ofexperimental ratio of thé-x—ray intensity overL-electron

125,127,124, [2,3] and the low spin region up tb=11/2 was
explored in this work. Moreover, four delayed rays of
382.5, 570.2, 1136.0, and 1323.7 keV fed bg-alecay half
life T,»,=0.69 s, and two delayed rays of 715.4 and
1094.7 keV fed by aB-decay half lifeT,»,=1.2 s, were

observed in*?°sn and'?’sn, respectively. The authors sug-

intensityR=0.7(2) is compatible only with ak2 multipo-
larity. In conclusion, the 3.7us isomer belongs to th&%Sn
isotope and decays by a low energy transitiorE@f multi-
polarity.

B. A=127

gested that they deexcite two unknown isomeric states of 3

and 3.19) us in 2°Sn and*?’Sn respectively, but they did
not place them in the level schemes.

In our measurements severak isomers have been ob-
served in theA=125-129 mass chains. Thejrspectra and
decay curves are shown in Figs. 1 and 2, respectively.

A. A=129
Two isomers have been observed in the=129 mass

In this mass chain the situation is analogous to the previ-
ous one. Two isomers have been observed. The four lines of
806, 825, 1095, and 1114 keV deexcite an isomeric level of
11 us already assigned t&’Sb[8]. The five other lines,
reported in Table I, have a half life of 4.5(3)s. The two
strongest lines of 715.3 and 1094.7 keV have already been
observed by De Geer and Holm, with a half-life consistent
with our measurement. However, the examination of the
v-ray table reported by these authors shows that the three

chain. The weaky lines of 723 and 1128 keV deexcite an remaining weaker lines are also present but without any in-

isomeric level of 2.2 us half-life, already assigned tF°Sb

dication of time delay. In our work, no electrons were mea-

[7]. The four other lines of much stronger intensities have asured in coincidence with the lines deexciting the 45
half life of 3.7(2) ws and their energies and intensities areisomer.
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FIG. 2. Half-life spectra of thé\=125-129 mass chains.

One can then conclude that the 445 level fed by thes
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FIG. 3. SiLi) spectrum gated by the sum of the 382 and 570
keV y rays assigned td?9"Sn.

297 or %5sn, which have sufficient production vyields.
Again, the absence of commanrays between the well es-
tablished 9.4us isomer in '%n and the decay of the
6.2 wsisomer suggests strongly that the latter belongs to the
12551 isotope. No conversion electron were observed in co-
incidence with they lines deexciting this isomer.

D. Isomer fission yields

The independent fission yields of the three isomers ob-
served in this work have been measured for #f®u target.
The values found arex2107°, 1.5 10 4, and 9<10 4, per
fission for masses 125, 127, and 129 respectively. The incer-
tainties (~30%) on these values are mainly due to the in-
certainties on the cumulative yields used as reference values
in the calculation. Assuming that these three isomers are in

decay of In in the previous experiment and directly fed bythe Sn isotopes we have also computed the ratio between the
the fission of 23U and 22%Pu in the present work, is an independent yield of the isomer found and the first*3/2
isomeric level of'2’Sn or 127Sp, the only FF produced with level, which is the ground state if*°Sn and an isomeric
significant fission yields. However, the absence of commorevel in 12°Sn and *2’Sn. The independent and cumulative

y rays between the well established 1is isomer in'?’Sh

fission yields used in this calculation are extracted from Ref.

and the decay of the 4..s isomer suggests strongly that [6]. The values found 9%, 12%, and 13% for masses 125,

the latter belongs to th&?’Sn isotope.

C. A=125

Two us isomers are also produced in thAe=125 mass
chain. The two lines of 737 and 1173 keV deexcite an iso-
meric state of 9.46) us very recently found if?3n [9]. The
five other lines observed in Fig. 1 and reported in Table |

127, and 129 are almost constant; this fact justifies a poste-
riori that the isomeric levels are in Sn. This result suggests

also that most probably these three isomers are of the same
nature.

IV. LEVEL SCHEMES AND DISCUSSION

The decay schemes of the three isomers found in

have a half-life of 6.27) us. This isomer is expected to be in 125127.12&n are shown in Fig. 5 along with the previously

TABLE |. Half-lives and y-ray transitions observed in the decay of Sn isomafs.,~0.2 keV, Al
~4% , 10% and 15% folt?%Sn, 12’Sn, and*?°Sn, respectively.

Nucleus Ty (1S) E,(keV) (1,)

129%5n 3.72 382.2(46), 570.1(56), 1136.0(56), 1323.8(44)

1275n 4.83) 566.8(15), 715.3(75), 732.3(15), 1094.7(87),
1242.6(13)

125gn 6.27) 661.0(20), 792.8(40), 805.5(40), 1087.5(81),
1218.7(19)
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FIG. 4. Examples ofy-y coincidence spectra.

state in the even Sn isotopes. This feature strongly suggests
ships shown in Fig. 4. that theh,;,, ® 5 configuration is the main component of

; : : 19-129c, i ;
In all these nuclei, the isomeric state decays mainly by dN€ isomeric levels in the'®12°Sn isotopes. The 5is nota

very low energy transition. I12%Sn we have found that the Puré shell model state, but contains an admixture of

isomer decays by a low energy transition of 40 keV with an(ds2111/2) and u2ha) configurations.
E2 multipolarity. TheB(E2)=232(2)e?fm* value and the The very low energy isomeric transition > 12°Sn has

hindrance factorFy,=1.2 W.u. suggest that the isomeric P€en assigned as the 19/215/2" transition taking place
transition takes place between two levels having a l&ge Petween two members of the sam%mutlpleltz. The rapid de-
overlap of their respective wave functions. In the threec'€@se in th&(E2) values betweert Sn and °Sn can be
lighter isotopes the transitions are too low in energy to ob&XpPlained by thenyy, subshell pccupatl?zn. One expects to
serve their conversion electrons and the energies are deducB@ve & minimum of thé&2 amplitude for °Sn correspond-
from the cross-over transitions which feed directly the firstind to the halffilling of this orbita[1]. However, the effect
excited level. Assuming that these low energy transitions arés 1€ss important than for the puréy)" state with senior-
alsoE2 in nature, theiB(E2) values are reported in Table 1ty »=2 or 3, because thes, and s, orbitals play also
II. The hindrance factors vary between 1 and 4 fréffsnto ~ SOMe role in thé=2 matrix elements. We have to notice that
12331 and are roughly comparable with the one f&iSn. th_e 15/2 ass_lgnment proposed in thls_ work does not agree
The spin and parity assignments proposed in Fig. 5 ar&ith the previous 17/2 value proposed in Ref1] for *#Sn,
based on the energy systematic arguments deduced frofjthout any justification. .
comparison with the known lighter Sn isotopes and theory, _The lower energy levels 1172 13/2" and 15/2' found in
considerations. 125-1295n are expected to be rather pure members of the
The decay patterns of th&5127128n jsomers are very vhii), multiplet with seniority»=1 and »=3 by analogy
similar to the one of the previously knowt#3Sn. By anal-  With the lighter Sn isotopes. The isomeric levels'fi 2'Sn
ogy, a spin and parity”=19/2" is assigned for the three decay partially to the 15/2state by a strongly hindered 2
new isomers found in this work. Figure 6 shows that thetransition as reported in Table Ill. In fact, &2 transition
excitation energy of this state for a long set of odd Sn iso-cannot take place between thgjds; or hi7sy configu-
topes is remarkably parallel to that of the Swo neutron ration and théh;3, configuration and therefore an admixture

known 235n[1]. They are based on the coincidence relation

TABLE Il. B(E2) reduced probabilities and hindrance factors of transitions deexciting the isomeric states
of 122712%5n The 19/2 —15/2" isomeric transition was observed only in tH&Sn decay. The data ot$Sn
are from Ref[1].

Transition Multipolarity A B(E2) (e?fm%) Fw (W.u)

19/2" —15/2" E2 129 32(2) 1.2(1)
E2 127 344) 1.1(1)
E2 125 183) 2.1(4)
E2 123 ~9 ~4

19/2" —15/2" M2 127 5500(600
M2 125 4100(800)
M2 123 ~4700
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TABLE lIl. Comparison of the low-lying negative parity states '8f 2%Sn with the calculation of Ref.
[5]. The energies in keV are determined relative to 0 keV for the low-lying 15fates.

lZQSn 127Sn 12SSn 12%”
17 Expt. Calc. Expt. Calc. Expt. Calc. Expt. Calc.
11/27 0 0 0 0 0 0 0 0
ra 1043 920 964 910 937 920 931 910
9/2~ 764 1190 646 840 618 710 619 670
13/ 1324 1243 1440 1219 1330 1217
15/2° 1136 1150 1094 1090 1088 1070 1107 1050

of h; %97 is essential. However, this admixture is expectedangular momentum will be another yrast trap with a half-life
to be very weak, which explains the large hindrance factorof about 0.2 us, decaying by an isomeric transition of about
measured. 135 keV energy ande2 multipolarity. It is a challenge for
The low-lying negative parity states 3£°Sn were com- the future to look for it in the threé®> 12°Sn isotopes.
puted, assuming they have a purg3, configuration. Some The negative parity states of the lighter Sn isotopes are
levels of the multiplet are reported in Fig. 7 and comparedexpected to have a more complex structure than those of
with the experiment. In this calculation, the relative residual***Sn. In Table 11l we have compared the known experimen-
interactions of the two neutron holes; 2, states 0, 2,  tal 7/27, 9/27, 13/2", and 15/2 states of'**"***Sn with the
4%, 6%, 8%, and 10 are the experimentat®®Sn energies results of the more sophisticated calculations of R&F. If
[10]. The calculated level energies are normalized to the 11/the 15/2" is very well reproduced for these four heavy Sn
state with seniorityv=1. This simple calculation gives a isotopes, with a mean deviation of 20 keV, the agreement is
good agreement with the experiment for the 7/213/2-,  Worse for the other states. _The main discrepancy concerns
and 15/Z states, thus providing support for the interpreta-the 9/2" state, with a deviation between theory and experi-
tion of 12%Sn. The agreement is however less good for thenent of 425 keV. It is interesting to notice that our much
9/2”, with a deviation of 167 keV to be compared with a More simple calculation assuming a piirgj, configuration
mean value of 42 keV for the three other states. gives much better results for the negative state¥’#n and
This theory predicts also that the 27/8tate of maximum that the difference between the two theories is as large as 530
keV for the 9/Z state. We have no simple explanation for
this effect.

MeV ° °
o o5 V. ISOMERISM IN INDIUM ISOTOPES

_ __ We have shown in this paper that the 3.7 and 4.%
_19pf isomers of*?%sn and?’Sn, respectively, are also fed by the
B decay of the In isotopes. However, the ground state of
1291 and '?In has a spin and parity”=9/2" which cannot
i feed directly or indirectly the 19/2state found in this work.
- — 1322 Consequently theses isomers are very likely fed from new
— —_ — 152" high spin isomers ot?%n and ?In. Two high spin and high
1 _— energy isomers 29/2and 23/2 were reported very recently
for ¥29n in Ref.[9]; they could feed the observeds isomer.

EXP CALCULATION
2772 0.2 us 2425
B 5289

1927 1983

B2 3y 134
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ol 0 112 n———— 1338 3
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FIG. 6. Energy systematics of the 11/213/2", 15/2~, and 129¢, 29¢,
19/2" levels in 119 12%n. The energies are expressed relative to 0
keV for the low-lying 11/2" states. The open circles correspond to  FIG. 7. The experimental and calculated negative parity levels
the 5~ two neutron states in even Sn nuclei. in 12%n,
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It would then be very interesting to look for possible high unexpected discrepancies for Sn isotopes close to the doubly
spin and perhaps high energy isomers in the heavy In magic **%Sn. This paper stresses the lack of extensive theo-
isotopes. retical calculations, including yrast excitations, for the heavy

odd Sn isotopes. It is shown also that higher spin yrast traps

VI. CONCLUSION are expected in these nuclei which could be fed in the fission

) ) » ) process.
In this paper we have identified and studied the decay

schemes of three new 19/2somers observed iA?> 1293,

These new data substantla_lly extend our e_xperlmental knowl- ACKNOWLEDGMENT
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