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Structure of Sn isotopes beyond\N =82
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We have performed shell-model calculations #8t'2%Sn using a realistic effective interaction derived from
the CD-Bonn nucleon-nucleon potential. Comparison shows that the calculated resdftéSfoare in very
good agreement with recent experimental data. This supports confidence in our predictions of the hitherto
unknown spectrum of3°sn.
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The Sn isotopes play an essential role in the shell-modedre (in MeV) ep3/2:O.854, €hg,, = 1.561, €p,= 1.656, €ty
description of nuclear structure, as they provide the opportu=2 55, ande; __=2.694. The energy of this, level has
13/2

nity to study the change of nuclear properties on varying th,aan taken from Ref8], where it was estimated from the

number of neutrons over a large range. From the experimerb-osmon of the 2.434 MeV level it3Sb assumed to be a

tal point. of view, there is infolrmation for practically all iso- 10+ state ofrgy,vi 13, Nature. To verify the consistency of

topes with valence neutrons in the 50-82 shell, namely, fromp;s choice, we have calculated the position of thé Bate

doubly magic**’Sn down to doubly magi¢®’sn. Itis, there- i, 1345 ysing the above value &f __ and the effective
13/2

fore, of great relevance to try to go beyoitfSn, so as to neutron-proton interaction derived from the CD-Bonn poten-
test the shell-model predictions when having valence neugg| | turns out that our resul@.463 Me\j reproduces quite
trons in 82-126 shell. While this is not an easy task, sinc&ccyrately the experimental excitation energy of this state.
very neutron-rich Sn isotopes lie well away from the valley e now present the results of our calculations. The spec-
of stability, two very recent studid4,2] have provided some  trym of 134Sn proposed in the experimental studies of Refs.
experimental information oA*Sn with two neutrons outside [1,2] is compared with the theoretical one in Fig. 1. In Tables
the doubly magic'*’Sn core. | and Il we report the calculated excitation energies up to

During the past few years, we have studied several nucleabout 2.8 and 4.0 MeV for the positive- and negative-parity
around *%Sn[3] in terms of the shell model employing re- states, respectively. We hope that these predictions may pro-
alistic effective interactions derived from modern nucleon-vide a guidance in the interpretation of the results of future
nucleon (NN) potentials. We have, therefore, found it inter- studies on'*sn.
esting to perform calculations of this kind fé#*Sn and also From the structure of our wave functions, it turns out that
to predict the spectroscopic properties 1BPsn with three the 20 states of Table | essentially arise from the configura-
neutrons in the 82-126 shell, for which no experimentaltions (f7)?, f72032, (P32 f7he, and f7pyp. The
spectroscopic data is available as yet. In this paper, we
present the results of our realistic shell-model calculations 3
starting with a brief description of how they have been 134y
obtained.

We consider'®?Sn as a closed core and let the valence — & g+
neutrons occupy the six single-particle levelsg,,
f22, f50, Pa2s P12, @Ndiqz, of the 82-126 shell. The ef-
fective two-body matrix elements for the chosen model
space have been derived from the CD-Bonn fxd&¢ poten-
tial [4]. This derivation has been performed within the frame-
work of a G-matrix folded-diagram formalism, including
renormalizations from both core polarization and folded dia- S b
grams. A detailed description of our derivation is given in 4t 6+
Ref. [5]. We should point out, however, that the effective 4t
interaction used in the present work has been obtained in- ot
cluding G-matrix diagrams through third order. - =2t

Let us now come to the single-partidl8P energies. The
value ofefw2 has been fixed at 2.455 MeV, as determined

from the experimental one-neutron separation energy for ot ot
1333n[6]. As regards the spacings between the six SP levels, Expt. Calc.

they have been taken from the experimental spectrum of
1335n[7], except that relative to thigs, level which has not
been observed. Our adopted val@esative to thef,, level) FIG. 1. Experimental and calculated spectra-8n.
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TABLE |. Calculated excitation energies for the positive-parity TABLE IlI. CalculatedB(E2) (in W.u,) in 3%Sn,
states of'3‘Sn up to 2.8 MeV.
JT—Jr B(E2)
J E (MeV)
2t 0" 1.72
0 0.0 4+ 2% 1.71
2 0.640 6" —4" 0.88
4 0.936 8t—6" 0.12
6 1.050
2 1.501
4 1.765 Il all the eight states arising from thie,,i 13, configuration.
3 1.890 They are practically pure, the percentage of this configura-
5 1.944 tion ranging from 87% to 100%.
0 2.167 Coming back to the comparison with experiment, we see
1 2.304 from Fig. 1 that the calculated level scheme is in good agree-
8 2.382 ment with the proposed one, supporting the interpretation
2 2.490 given in Refs[1,2]. Our calculated value of the ground-state
6 2512 binding energy relative td3%Sn is 5.986-0.064 MeV, to be
4 2.515 compared with the experimental one 6.365104 MeV[6].
2 2.545 Note that the error on the calculated value arises from the
3 2.635 experimental error on the neutron separation energy&n.
4 2.703 As far as the electromagnetic observables are concerned,
5 2.733 only theB(E2;6"—4%) is known with a measured value of
3 2.740 0.88+0.17 W.u.[1]. To reproduce this experiment&?2
7 2.744 transition rate an effective neutron charge of @:1006e is

needed in our calculation. This value is significantly smaller
than 1.0&, which was determined by Zharg al.in [1], but

four members of thef(,,)2 multiplet all lie at an excitation Comes close to the_value 0652f Ref.[9]. This is e_ssennally
energy smaller than 1.05 MeV and are separated from thdue to the fact that ifil] the 4" and 6" states are interpreted
other states by a pronounced gabout 500 ke, above as pure {;)? states. By making use @f'=0.7Ce, we have
which we predict the existence of four seniority-2 and onecalculated theE2 rates for transitions involving all the ob-
seniority-0 states coming from the,ps;, and (pz,)2 con-  served states. The values are reported in Table Ill.
figurations, respectively. Just above these states we find the Shell-model calculations of*‘Sn have been performed in
lowest- and highest-spin members *(land 87) of the = Some previous studigf2,9,10. These studies used a two-
f1hg;, multiplet. All the states up to 2.4 MeV excitation body interaction constructed by Chou and WarburfoQ]
energy are dominated by a unique configuration, the percenﬁlal’ting from the Kuo-Herling effective interaction for the
age of configurations other than the dominant one reaching at Pb region[11]. A comparison between the experimental
most 23% in the 2 state at 1.501 MeV. The other members and calculated spectra is shown in R¢259], but not in[10]

of f-hg, and (ps)? multiplets as well as the two states Since no experimental data was available at that time. It
arising from thef7/2pl/2 Conﬁguration are predicted in the should be mentioned, however, that very different conclu-
energy region above 2.4 MeV. It should be mentioned thafions are given ifh2] and[9] as regards the adopted effective
for some of these states a significant admixture of these thrdBteraction. In fact, while the comparison between the theory
configurations is present in our calculated wave functions. A@nd experiment of Ref2] shows a very good agreement, the
regards the negative-parity states, we have reported in Tabf@lculated excitation energies reported9hare all too high.
Note that the results of Reff9] coincide with those of10],
both studies making use of the same set of SP energies,
which is different from that of Ref{2]. However, we have
verified that the differences in the SP energies do not com-

TABLE Il. Calculated excitation energies for the negative-parity
states of'3‘Sn up to about 4.0 MeV.

J E (MeV) pletely account for the results obtained[&]. This point has
already been evidenced in bdt®] and[9], but no explana-

3 3.247 tion was given.

5 3.621 Based on the good agreement between theory and experi-

4 3.684 ment obtained fot**Sn, we have found it interesting to pre-

7 3.713 dict some spectroscopic properties 8PSn. This nucleus is

9 3.752 expected to have &4~ ground statd12,13 with a binding

6 3.848 energy of 8.3930.401 MeV[14], as derived from the sys-

8 3.925 tematic trend. No other experimental information on its spec-

10 3.973 trum is presently available. In Table IV we report the calcu-

lated excitation energies df°Sn up to about 1.5 MeV. Our
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TABLE IV. Calculated excitation energies for states'diSn up

to about 1.5 MeV.
Jm E (MeV) 201
i~ 0.0 ~ 152

(]

5 0.226 2 /
3- 0.356 = -
2 : 1.01 7
11— 9/2"
¥ 0.611 A 12
3- 0.643 - -
9-— 312
5 0.706 s
L 0.911 00+ . 712
2- 1.093
3 1.192 . . . . . . . .
%— 1.221 50 52 54 56 58 60 62 64
3 Z
3- 1.264
5 1.295 FIG. 2. Energy systematics for the levels of thig,)® multiplet
2 ’ in the N=85 isotones. All energies are relative to the state. Data
%‘ 1.298 for Z=52 (solid symbol$ are taken froni15,16 while for Z=50
9_ our calculated values are report@pen symbols
2 1.331
5 1.430 there is evidence of the nature of these states, while no in-

formation is available for the lighter isotones. In this situa-
tion, one cannot exclude the possibility that the lowest-lying
calculations confirm thé ~ nature of the ground state and £~ state changes its nature on approaching the proton shell
predict the value 8.3960.078 MeV for the binding energy. closure. In fact, as a result of our calculations we find that the
As regards the excited states, we find that the six members éf~ state belonging to thé%/zhglz configuration and that aris-
the f?,z multiplet all lie at an excitation energy smaller than jng from thef§/zp3/2 configuration lie at about 600 and 400
1.0 MeV. From Table IV it can be seen that in this energykeV above the first one, respectively. In this context it is
region we predict the existence of a secgndstate(0.643  worth mentioning that for®Te, with two protons in the
MeV) of seniority-1 nature, which is dominated by the 50-82 shell, we predict thre~ states in an even smaller
f22p3, configuration. All the levels between 1.0 and 1.5 energy rangéfrom about 0.6 to 1.0 Me)/ the lowest-lying
MeV arise from thef%,ng,,2 configuration with only two ex- one containing almost the same percentage of the three-
ceptions, the; ™ and 3~ states at 1.221 and 1.331 MeV, neutron configuration$>,, and f2,,ps,. As regards the sec-
respectively. The latter is, in fact, the seniority-1 state of theond and third2 ™~ states, they are dominated U§,2 and
f2hg2 configuration while the former contains almost the f2,hg), configurations, respectively. Two excited states with
same percentage 6f,,ps;, and f7,py, configurations. J™=4" and% "~ have been observed fi'Te (see Fig. 2at

In Fig. 2 we show the behavior of the experimental ener0.608 and 1.141 MeV, respectively. These energies are very
gies [15,1g of the lowest-lying states withJ™  well reproduced by our calculatiori®.597 and 1.072 MeN
=32 5 1= 9- 1L~ andi~ in theN=85 isotones with In summary, we have shown that our realistic effective
B2<7< 64, as We” as our predictions fm: 50. From th|s interaction derived from the CD-BondN pOtential leads to
figure we see that our calculated energies are quite consisteftvery good description of the experimental data that recently
with the systematic trends. Note that they refer to states aridiecame available fot**Sn. We are therefore confident in the
ing from the f3,, configuration, which, as mentioned above, predictive power of our calculations and hope that this work

we have found to be the lowest-lying ones. In the heavief"ay stimulate further experimental efforts to gain informa-

isotones the lowest-lying states wiifi=2-, 8-, 1~ 4~ tion on the structure of Sn isotopes beydwe 82.

and3~ have been interpreted as having this nature, whereas This work was supported in part by the Italian Ministero
the 3~ states were supposed to arise from tﬁ@hg,z con- dell'Universita e della Ricerca Scientifica e Tecnologica
figuration[16]. However, only for theZ=60 isotones, which (MURST). N.I. thanks the European Social Fund for finan-
were studied by means of transfer reaction experimentssial support.
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