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The lifetimes of excited states iH®Sn have been measured using the Doppler shift attenuation method in
the reaction***Cd(a,2ny) atE,=27.2 MeV. Lifetimes were obtained for 18 states and lifetime limits for 6
states withE,<4 MeV andJ<23/2. The experimentally obtaine®ioL) values for transitions deexciting
positive-parity states are compared with calculations in the framework of the Bardeen-Cooper-Schrieffer qua-
siparticle model and the interacting boson fermion model, whereas the values for transitions between negative-
parity states are discussed qualitatively within a core-particle coupling picture. The valg E¥)
=3.5(11) Weisskopf unitéW.u.) for the transition linking the 19/2 state of the intruderh,,,,72p2h band
to the 15/2 state of thevh,,,® 2] multiplet strongly supports the configuratia)hll,zw(ggég%z) ascribed to
this band[S0556-281®9)02904-0

PACS numbegs): 23.20.Lv, 27.60+j, 21.10.Tg

I. INTRODUCTION II. EXPERIMENTAL METHODS AND RESULTS

. . Excited states of*'°sn were populated in the reaction
During the last few years both odd- and even-mass tmmCd(a 2ny) by bombarding a self-supportirgCd target
isotopes have been studied very intensively. In these nuclei 2y

: X o
many different excitation modes have been observed and th%}c 11 f"g’c'ﬁ thickness, enriched to 90.2%, with 27_'2 MeV
particles from the cyclotron U-120 at the Institute for

variation of nuclear properties can be studied for a broa . . . .
prop cﬁuclear Research, Kiev. The initial recoil velocity of 0.55%

range of the neutron number SIN<82 (see Ref[1] and of the velocity of light was estimated from the reaction ki-
references therejin Even the low-energy states of the tin . y 9 . .
nematics. Gamma-ray spectra were measured with a high-

nuclei have a very complex nature. The structure of theseurit Ge detector of 40% relative efficiency and an ener
states is characterized by the competition of spherical man)}2 y 0 y ay

quasiparticle neutron excitatiorj2] and phonon contribu- resql_utlon of 2.2 .keV aE,=1.33 MeV. The detector was
tions from the vibrational modg3], as well as admixtures positioned at a distance of 17 cm from the target at angles

from the deformed low-lying proton two-particle—two-hole ©=30° 60, 90°, 120°, and 150° relative to the beam direc-

(2p2h) intruder stateg4]. Rotational bands based on two- t'or_:_'hThﬁ stpectrum fmea_stutjed ta: 90. ri:fsspresented t;? F'gal'
particle—two-hole configurations have been observed i € liretimes 7 of excited states | n were obtaine

even-mass Sn nucléii—7]. The level scheme of'5Sn re- r11rom an analysis of the Doppler shiftegrray line shapes
sulting from previous investigations of thep.fiy) [8.9] measured at different angles. This analysis was carried out
() 8] () [10) ana o5y reccionsa] s U510 3 S et o e oy e e
given in the compilation of12]. Recently, high-spin states in . A bda . pe
1155 were observed in heavy-ion-induced reactidi®14) scattering of recoils is treated in greater detail by subdividing

In particular, a decoupled rotational band has been identifieH1e trajectories into a number of separate segments. In this

above the 19/2 state at 3318.5 keV. This band is believed to " 2" the correlation between the velocity of the recoil and
be based upon the coupliné ofha. neutron to the de multiple scattering angle could be accurately taken into ac-
1/2 -

; . count without simulating individual scattering events. The
formed intruder 2h band in 14sn. . 9 g € .
; ; . same version of the code was used for the lifetime determi-
While substantial experimental progress has been made,a

H H 11 117
comprehensive theoretical description of the tin isotopes, inpatlons in our recent works fof*Sn[1], ***Sb[18], *'Sb

11 . . .
cluding °Sn, is still lacking. As shown in Sec. Ill, various [19], and A [20]; therefore, we give here only a brief de-
models describe different aspects of the observed levaicription. The velocity distribution of the recoils was calcu-
schemes but even this description is in most cases not sati&!€d by a Monte Carlo code that takes into account reactions
fying. Moreover, the comparison of calculated and experi-at different depths of the target and the kinematics of the
mental transition probabilities is a severe test of nucleafeaction, as well as the slowing down and deflection of the
structure models. Until now lifetimes if®Sn have been recoils. The lifetime value which gives the best fit to the
known only for a few low-lying states from Coulomb exci- €xperimentally obtained line shapes was accepted to be the
tation[15]. The aim of present work is to extend the data onlifetime of the state of interest. The slowing-down process
the lifetimes of excited states of tHé>Sn nucleus by using was described in the code by the expressida/dp

the Doppler shift attenuation methd®SAM) and to inter- = fke¥?+ f,eY%(0.67p,+2.07%), wheree andp are the
pret the structure of'®Sn levels in the framework of current energy and range in Lindhard’s unitk,is the electronic
nuclear models. Lindhard’s stopping power coefficiertt, andf,, are the cor-
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FIG. 1. y spectrum from**3Cd(a,2ny) reac-
tion atE,=27.2 MeV measured at 90°. The ener-
gies of transitions used for lifetime determination
in the present work marked as bold.
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rection factors for the Lindhard’s cross sectig@4] for the  considered. In the present analysis, complex feeding patterns
electronic and nuclear stopping power, respectively, @apd with up to five direct and cascade feeding components could
is an additional correction factor which characterizes the difbe handled. The cascade population of the level under study
ference of the shape for the nuclear stopping power fronwas taken into account according to the decay scheme from
Lindhand-Scharff-SchiotfLSS) theory[16]. When ¢,=1, the (a,2ny) reaction given in Ref[10] which is shown in
this expression approximates the shape with an accuracy bed¥ig. 2. The correct account of sidefeeding timg () is a
ter than 5% in the energy range 28'2>0.3, but for difficult problem of the DSAM. Nevertheless, for many
smaller 2 gives values that are low in comparison with cases when the angular momenta of the entry states are not
LSS theory. The correction factors for the stopping process
of Cd ions in the Cd target were measured in R22] using 2712
the line shape analysis from Coulomb excitation under con- 42 -
dition f,=¢,. The results were the followingf.,=1.27 | = 32y T
+0.10 andf,,= ¢,=0.62+0.06. Owing to the high initial o5y 212 T
velocity of recoils in this experiment the"’? value was much 38 - 17 644
greater than 1 in the large part of its range; therefore the 741
nuclear stopping power was much lower than the electronic
one. The same method for the correction factor determina- 34 oy
tion was used for the reaction with heavy idi2§]. On the 506 17/-y 172y
basis of a reliable determination of the electronic correction
factor (fo=1.27), the nuclear correction factors were esti- 30 -
mated ada) f,=0.77+0.07, ¢,=1, and(b) f,=¢,=0.70 L
+0.07. Both sets of factors do not contradict each other and
agree with previous ones. However, the initial velocity of the
recoils from the @,2n) reaction is 2—4 times lower than
from the heavy-ion reaction. Foravalue greater than 1 ps
(i.e., 7>75,~0.3-0.4 ps, wherer, is the characteristic
time for the stopping of recoilthe main part of recoils is in
the ranges¥?<0.3—0.4 where the nuclear stopping power is
larger than the electronic one. To adequately account for the
nuclear stopping power under such experimental conditions, L 1640
it is necessary to use a slightly increased valug,ah com- 1232
parison with the heavy-ion reaction. Because direct experi- L4 1072
mental measurements of the correction factors for this reac- L
tion were not performedthis is a separate and difficult
experimental taskand the nuclear stopping power is compa-
rable with the electronic one, we suggesfgd-0.90+0.15 L \ oy
andf,=1.3=0.1. The influence of the correction factor un-
certainty on the error of the value depends on thevalue 06 = HSSn
and lies in the range 10—20 % of thevalue.

For the evaluation of the lifetime of a state, the time FIG. 2. Partial level scheme dft°Sn for negative-parity states
characteristics of transitions which feed this level have to bétaken from Ref[10]).

19/2Y
1728 |

(72)].

1204 g0 13727 | 3 172
2.6 — 1178 Lo B S
817 05 1195

862
12y ] 1.1
22 868 | 402
2 |

15/2-¥ \J

13/2-.

Energy (MeV)

1.8 @212y YV

1.0 -

112 _ ¥




PRC 59 LIFETIMES AND COLLECTIVITY OF LOW-LYING ... 1977

| 71633.8keV 150" | 71072.4 keV 150°

20000

6000

4000

10000
2000

COUNTS
COUNTS

6000

20000

4000

10000
2000

0

i | -
2252

M N EPPR R BRI I
2228 2232 2236 2240 2244 2248
CHANNEL

1460 1464 1468 1472 1476 1480
CHANNEL

FIG. 3. Experimentally observedots y-ray line shapes for the FIG. 4. As for Fig. 3, but for the 1072.4 kgV transition. For the
1633.8 keV transition measured at the angles30° and 150° and background peak at 1067.7 keV, a long lifetime was assumed, be-

the result of the line shape analysthe curves correspond to the C2use it does not show a Doppler effect.

best fij. The counts are normalized to equal peak areas. . . . . .
branching ratios ofy transitions used in the calculations

were taken from Ref$10,12,14. The known multipole mix-

much different from the spins of the investigated states, th("r‘ng ratios 8 for mixed M1/E2 transitions were taken from

mechanism of sidefeeding is determined mainly by Statis“caﬁefs.[lo,la. Unfortunately, there are some transitions with

d|po!e_tran3|t|ons a_nd the influence of the stretch casca_de Gnknown 6. For such transitions, the probabilities were cal-
negligible. The estimations ofs; as well as a few experi-

mental  results  give 7o ~Ke(Ey—Ep), where culated assuming either puk¢1 or E2 multipolarity.

ks~0.01-0.02 ps/MeV is more typical for light nuclei (
<60) andk,;~0.02-0.03 ps/MeV for heavier nuclf23—
25]. In the present work, the value =0.03 ps/MeV was The low-energy level structure dft°sn as well as other
adopted and this value agrees with the recent experimentglyd-mass Sn nuclei was known to be characterized by two
result for 19 [20]. The center of the entry region has beenexcitation modes, the single-particle and the collective vibra-
estimated asE,—E,,~2-4 MeV. Becausers;~0.1 ps  tjon about the spherical equilibrium shape; i.e., the states of
<175p~0.3-0.4 ps and the measuredalues exceed 1 psin 1155n gre composed of the valence neutron occupying 1
the majority of cases, one can see that the influeneg obn 2ds5, 351/, 2dg5, and Ihyq, orbitals coupled to the spheri-
the final 7 value is rather small. Some uncertainty af;  cal states of:'“Sn core. However, existing experimental data
(about 10—-20 %was included in the error of values pre-  for 1155 show that even the structure of the lowest states has
sented in Table I. a more complex nature. So it was found that a number of

As an illustration, in Figs. 3 and 4, the experimental linestates of both positive and negative parity cannot be repro-
shapes of twoy rays measured at different angles are shownjuced in the framework of the shell model and more detailed
together with the result of the line shape analysis. In themodels are needed for their interpretation. Previously, exci-
analysis, they® criterion was determined by varying the  tation energies of low-lying positive and negative-parity
value separately for each angle. Then ffevalues were states in!!5Sn have been described by means of the follow-
averaged and normalized to one unit, giving #feadopted  ing model calculations characterizing the present status of
value for all angles. The statistical error of lifetime was de-the theoretical understanding of the nuclear structure of
termined from the value ofy?,,+Ax% where Ay? 1155n: number-projected BCS quasiparticle calculati@6s,
=x2,/(NN—K), n is the number of angles used for lifetime the chain-calculation metho@27], multistep shell-model
determinationN is the number of channels in the peak, andBCS calculation$28], shell-model calculations in a very re-
k is the number of varying parameters in the analysis ( stricted configuration spad@9], calculations within the in-
=2-5). The lifetime values obtained in the present experi-teracting boson fermion modé@iBFM) [30], the quasiparti-
ment are given in Table I. The errors include statistical errorle phonon calculationg31], and microscopic quasiparticle-
and an uncertainty of the correction factors for electronic angphonon model calculatiorf82]. The transition probabilities
nuclear stoppings. have been calculated only in Ref26] and[30]. With the

On the basis of the measuredvalues, the reduced tran- exception of theM 2 transition 11/2 —7/2; , noB(oL) val-
sition probabilitiesB(oL) were calculated and presented in ues have been calculated until now for transitions from
Table | as well. The spin and parity assignments for thenegative-parity states. Large-scale shell-model calculations
levels in 1°Sn were chosen according to R¢il4]. The for *'5Sn are at present not feasible because of the very large

lll. DISCUSSION
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TABLE |. Lifetimes of excited states if*®Sn and reduced transition probabilitiBoL).
Ey Jr T E, Jr I, ol 5 B(E2) B(M1)
(keV) (s (keV) (%) (W.u) (102 W.u.)
497.3 312 15.9+2.9 497.3 12 100 M1+E2 0.212) 2.1+0.6 15+3
612.8 717 (4.70£0.12)x10°2 1155 3/2 100 E2 0.130+0.004
713.4 11/2  (2.29+0.02)x 102  100.7 712 100 M 29
986.5 5/2 >2° 373.8 712 6.114  M1+E2  —0.266) <47 <12
489.3 317 100(6) M1+E2  0.04G23 <0.6 <95
986.% 1/2* 37.08) E2 <34
1280.1  3/2 0.9°3% 293.6 5/7 3.5(5) M1+E2  0.239% <74 40" 38
668.1 712 3.58) E2 6.2'57
783.0 312 9.0(8) M1+E2 ~0.77 2.7°%3% 3633
1280.F  1/2* 10014  M1+E2  —229% 5.7°33 2,628
14168  5/2 <1.£ 136.7 312 1.7(7) M1+E2  0.1715 >400 >100
430.3 5/7 0.86) M1+E2 ~0.55 >1.8 >1.8
804.0 712 7(2) (M1+E2) >2.7 >2.3
919.7 37 25810 MI1+E2  -0.173) >0.15 >54
1416.8 1/2* 100(3) E2 >2.2
16338  3/2 1.453 1021.1 712 11.212) E2 1.3+0.4
1136.5 32 256) (M1+E2) 1.8:0.7 3.1x1.1
1633.8  1/2° 1009) (M1+E2) 1.1+0.3 3.8+1.0
1785.6  (9/2) 1.0°93 1072.4 112 100 M1+E2) —1.602) 13+3 7.5+2.2
18575  7/2 0.5+0.1 1360.8  3/2° 100 E2 10.9+2.2
19456  13/2 1.9°9% 1232.3 112 100 M1+E2 1243 46+1.2 0.07-0.05
1996.3  11/2 1.533 1383.8  7/2° 100 E2 3.2£0.5
20248  15/2 1.4°9% 1311.7 112 100 E2 4.7+1.6
20842 712 1.3°9% 804.0 32 11(3) E2 2.6+0.7
1097.6  5/2* 1009) (M1+E2) 5.0+1.1 7.9x1.7
1471.8 712 66(6) (M1+E2) 0.7+0.2 2.2+0.5
1586.9 312 50(9) E2 0.4+0.1
2207.7 512 1.5+0.5 1221.1 5/2 1007) (M1+E2) 4.6+1.7 8.9-3.3
1595.2  7/2* 5314 (M1+E2) 0.7+0.3 2.3+1.0
2591.9 (15/2) >35 1878.86  11/2 100 (E2) <0.3
2653.4  13/2 1.7°59 306.0 11/2 7(2) (M1+E2) 229+ 147 28+ 18
628.2 15/ 54(5) (M1+E2) 44+ 26 22+13
867.8%  11/27 100100 (M1+E2) 16+ 9 15+ 9f
19400  11/2 46090  (M1+E2) 0.14+0.09 0.7+0.4
2685.1  17/2 1.8'57 660.0 15/2 72(12) M1+E2 1.93) 37+13 6.2+2.6
739.4  13/27 10012 E2 38+13
28075  (17/2 0.9°33 8624  13/2 100 (E2) 71+32
2842.1  15/2 0.9°93 496.1 11/2 32(4) E2 200+ 62
817.%  15/27 100100 (M1+E2) 51+ 16 40.7+9.0
897.7 13/2 22(4)  (M1+E2) 7.1+2.4 6.7+ 1.5
2937.9 (17/2) >25 252.8 17/2 3315 (M1+E2) <1390 <18d¢
346.0 15/2 3015 (M1+E2) <260 <4d
913.1 15/2 100500 (M1+E2) <6.6 <7f
992.%  13/2 66(33) (E2) <29
30034  19/2 0.9°33 978.%  15/2 100 E2 33+13
32032  17/2 >15 360.1  (15/2) 393 (M1+E2) <460 <78
550.1 13/2 100(3) E2 <143
559 15/2 112)  (M1+E2) <14 <6'
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TABLE I. (Continued.

E, Jr T E, Jr l, ol 5 B(E2) B(M1)
(keV) (P9 (keV) (%) (W.u) (103 w.u)
1178.3 15/2 55(6) (M1+E2) <17 <3.1f
1257.8 13/2 21(3) E2 <0.5
3219.7 17/2 1.8°5¢  1194.8 15/2° 100 E1"
3318.5 19/2 1.9°51 115.2 17/2 <0.2 (M1+E2) <1200 <2d
475.4 (15/2) 5.003) (E2) 28+11
674.4 15/2 3.05) E2 2.8r1.1
1293.2 15/2° 100(5) E2 3511
3384.7 (19/2) 0.6"33 165.5 17/2 20.312) (M1+E2) —0.055) <520 200G-800
576.6 a7/2) 7.3(20) (M1+E2) 45+ 21f 19+9f
700.P 17/2 100(5) (E1)!
3878.3 21/2 1.2°9% 560.6 19/2 32(3) (M1+E2) 91+ 32 37+13
675.7 17/12 100(5) E2 111+38
4059.9 23/2 >15 181.0 21/2 3.4(4) (M1+E2) <400 <od
588.2 19/2 6.6(5) E2 <11
741.6 19/27 100(4) E2 <55
801.4 (19/2) 4.7(5) (E2) <17
1055.9 19/2 22(1) E2 <2.0
8Referencd12]. For a pureE2 or M1 transition.
®Gamma ray used for the determination of the lifetime 9B(M2)=0.110+0.004 W.u.
‘Referencd12]: 7=2.84+0.14 ps. "B(E1)=(1.359*x10* W.u.
dReferencd12]: r=0.63+0.13 ps. 'B(E1)=(1.7£0.7)X10"° W.u.
‘Referencd12]: 7=0.51+0.06 ps.
configuration spaces required. As concluded in Réi, Spectroscopic factors have been measured for thg,1/2
shell-model calculations should also consider the breakup of/2/ | 7/2f, 11/2, and 5/2 states[33]. For the 11/2
the Z=50 proton core. state, aC?S value near unity has been found whereas for the

Most of the calculations mentioned above assume Closeﬁositive-parity states values 6@2S<1 have been deduced
lcilo_reSSOof 5|0 neutrontSV() and 50 pro_tdonsg)t. The remaining allowing the conclusion that only the 11/Ztate is a rather
valence neutrons are considered to occupy the 1 pure vh, ., single-particle state.

2dsy2, 3812, 2dp, and Inyyp, shells, but this configuration The ground state ot'°Sn is a 1/2 state and therefore the
space is drastically truncated in all known calculations. lowest 3/2 and 5/2 states can originate from the coupling

e e e ofquadrupole honons n the corewih found Sty
; . positive-parity o anddsg, single-particle states. The result from Coulomb ex-
available in the literature. Our measured lifetimes of

ot in 117,11
negative-parity states are qualitatively discussed in Sec. IlI §|tat|on n Sn[34] show that the two lowest 3/2states

in the framework of a core-particle couplif@PQ picture. in these nuclei have a clearly discernible nature and they

In Sec. llIC the first case of an experimentally determined ! z;fitclgesta?tegogi ga}z%gmﬂ ti?:(;eb(;:tﬂﬂgggtlss 2?3 rs(ljr;gle—
B(E2) value for the transition from a state oh,,,72p2h P '

b 4 . ; mixed than the 3/2 ones. The results of present work, as
and in an odd-mass tin nucleus to a state out of this band Is o
discussed. well as Ref.[15]_, indicate the presence of a quadrupole com-
ponent in the first two 3/2 and the first two 5/2 states in

this nucleus. Thé(E2) values(Table ) for the transitions
from 3/2" states and from the first two 572states to the

A partial level scheme ot®Sn is given in Fig. 5, show- ground state are slightly enchanced with respect to the
ing all positive-parity states observed until now upEg  single-particle estimate and are closer to each other in com-
=1734 keV[12]. Our measured lifetime values for the lev- parison with the corresponding onesit/'*'Sn. Therefore,
els at 986.5 and 1280.1 keflable ) agree reasonably well this must be a hint of the collective admixtures of these
with those determined by means of Coulomb-excitation meastates.
surements[15]. A discrepancy is found for the state at In Table Il, our experimentdB(oL) values are compared
1416.8 keV because our=1.4+0.3 ps disagrees withr  with theoretical results obtained by number-projected BCS
=0.51=0.16 ps from Coulomb-excitation measurements.quasiparticle calculation®6]. In this approach, the excited
We cannot rule out the existence of additional unknown transtates are treated as one- or three-quasiparticle neutron exci-
sitions which feed the state at 1416.8 keV. Consequently, th&ations of the 3, 2ds,,, 35S, 2d3,, and lh,, shells.
presentr value must be regarded as an upper limit for thisThe energies of the levels with a large one-quasiparticle
state. component are well reproduced by these calculations, but the

A. Positive-parity states
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| 1733.9 5/2;164&6 3t Sn isc_)topes are calculated up to 0.5 M(_aV higher than the
: L6338 3/21 experimental values. In the same calculatif2fj it was also
453.6 © s shown that electromagnetic properties are strongly depen-
14168 5/2; dent on the three-quasiparticle components in the wave func-
1280.1 3/23 tions. Looking at the calculateBi( E2) values in more detail,
2936 nearly all theoretical values are smaller than the experimental
. results. Most of the theoretical values have the same order of
— 805 5/2 magnitude as the experimental values, but in four cases the
11213 1021.1 |804.0 668.1 |373.8 3
12365 11365 |919.7 7830|  |4go3 calculated values are smaller by a factor of 4910 3. The
1733.9 16338 4168 12800 | 9865 comparison of calculateB(M1) values with experimental
612.8 7/2] values shows a more dramatic divergence. This divergence
497.3 3/2; also allows the conclusion that experimental states include
collective contributions as well as a mixing of the states
4973 which are not considered by calculations in the framework of
this model.
In Table Il, the results of calculations performed in the
115 framework of the W6)xU(20) symmetry limit of the IBFM
Sn [30] are also presented. For some transitions, the calculated
FIG. 5. The lowest positive-parity states #°Sn (taken from  B(oL) values are in reasonable agreement with the experi-
Ref. [12]). mental ones. However, some observed transitions are forbid-
den in this model; at the same time some calculated transi-
calculated levels with three-quasiparticle components comgons are strong although they are found to be weak in the
out higher than the experimental ones. The discrepancy iBxperiment. The reason of such a divergence, as discussed in
the excitation energies was attributed to the restricted basiRef. [30], must be due to adherence to the exact symmetry
Thus, for example, the energies of thg &tates in even-mass  limit.

747.7 657.1 13;6.7

430.3

115.5
L4

0 1/2;

TABLE II. Experimental and calculated transition probabilities for low-lying positive parity staté$>n.

Ex ‘]iw ‘];T Ey B(M l)expt B(M :I-)calca B(Ez)expt B(Ez)calca B(Ez)calcb
(keV) (keV) (1073 W.u.) (107 W.u.) (W.u) (W.u) (W.u)
497.3 3/2; 1/2f 497.3 15- 3¢ 5.2 2.1+0.6° 2.8 2.16
612.8 712; 3/2F 115.5 0.037 0.1300.004 0.037 0.42
986.5 5/2; 712¢ 373.8 <12 1.2 <47 0.41 1.0
3/2 489.3 <95 64 <0.6 0.0096 0.25
1/2f 986.5 <34 2.3
1280.1 3125 5/2F 293.6 40" 3% 0.068 <74 0.024
712 668.1 6.2°54 4.2
3/2F 783.0 3633 0.32 2.7°%5 0.059
12 1280.1 26728 1.3 5735 1.7
1416.8 5/2; 3124 136.7 >100 >400
5/2F 430.3 >1.8 0.87 >1.8 0.069 1.78
712+ 804.0 &2.3) 2.4x10°° (>2.7)¢ 4.2
3/2F 919.7 >54 17 >0.15 0.18
1/2f 1416.8 >2.2 4.6 7.03
1633.8 3/2; 712+ 1021.1 1.204 0.6
312 1136.5 (3.+1.1)¢ 9.5 (1.8+0.7)¢ 1.0
1127 1633.8 (3.8:1.0 26 (1.1+0.3)° 0.85
1643.6 312 5127 657.1 2.7 1.1
1733.9 5/2; 3125 453.6
5/2F 747.7 1.3
712+ 1121.3 0.11
3/2F 1236.5 2.3 9.2
12 1733.9 0.47
3Referencd 26].
bReferencd 30].
‘Referencd12].

9For a pureE2 or M1 transition.
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35010 R} A T FIG. 6. Partial level scheme of®Sn [10,14
FaZeIFdc 3 1777 . . . .
! Sy 233 13- 0 showing states built on theh,,,, single-particle
2592 15/2- 10024\ <21 11/2
NP . state at 713.4 keV in comparison with yrast states
G _ B and some members of the2p2h intruder band in
<% 05150 AEN 1145n [4]. For 115sn, labels on the arrows indicate
5.
2 o our measured3(E2) values(W.u). The B(E2)
1644 (7/2-) values for'“sn are taken from Ref37].
15(3)
713 1172- Yo
115 114
Sn Sn

Finally, one can see from Table Il a very different de- Fig. 6. Negative-parity states with 2592 ke\E,
scription by both models of the same states. <3003 keV may be considered as members of the
vhy,,® 4, multiplet and the higher-lying 1772and 19/2
states as members of thd,,,©6; multiplet. The 17/2,

The low-lying negative-parity states in odd-mass Sn iso-21/2", and 25/2 states may result from a coupling ohay;,
topes are interpreted as the coupling of a valemge neu-  heutron to the 3, 57 and 7~ core states, respectively.
tron to low-lying positive-parity states in the even-even cores In Fig. 6, the experimentaB(E2) values are given as
[1,11,14,35. For '°Sn, results of CPC calculations are not well. In CPC with weak coupling, thB(E2) values of the
available. Therefore, we compare qualitatively our experitransitions from states of theh,,,©®2; multiplet to the
mental observations if'*Sn with characteristics of a CPC 11/2, level in *'5Sn are expected to be equal to each other
picture. and equal to thé3(E2) value of the 2 —0" transition in
. |lrll Fig. 6, partial level schemes are given, showing levelsli4gn[36]. Only one of these transitions iH°Sn (at 1786.5
In SSn built on thth11/2 state at 713.4 keV, as well as the ke\/) has near'y the Sanﬁ(Ez) value as the ?_, OI tran-
yrai[ states and some members of ##p2h intruder band  sjtion in 124Sn. The reason for this might be the mixing in the
of sn. Except for t.he ;644, 3258, and 3471 kel\l/ states4l+ and 2; wave functions in'%%Sn as found, e.g., in our
observed in a heavy-ion-induced react{dd], all the **Sn g0 model calculations of'%Sn levels[1] as well as the

levels presented in Fig. 6 have been identified in our previya isive role of two-phonon components in the gtate[3].

ous work[10]. . o
. . . Some of the experiment&(E2) values of the transitions
According to the CPC picture, the experimentally Ob'betvveen thevh, ;@47 and vhyy,@27 multiplets in 1155n

served 19/2-15/2; -11/2; level spacings in"*Sn should be
close to the 4-27-0; ones in 'sSn. Furthermore, we
should observe five states with 7/&J7<15/2" arising
from the multipletvh,,,®2; ('“Sn). Because of the weak . |
coupling, such a multiplet should be degenerate; i.e., the 1400 . fisp- o+
states of the multiplet should be concentrated in a relatively T 1320201, , A T T
narrow energy range near 2.0 MeME(vhyy) h TTop- ; 9,112
=0.713 MeWE(2;, %Sn)=1.300 MeV]. Nearly all of 1000 - 7 ar)
these features of the CPC are in accordance with our experis 5 Bl
-~

B. Negative-parity states

r 11/2)
1600 e

800

© [
mental findings. The states at 1644 and 2347 ke\*'iisn 3 o AU
are linked by direct transitions to the 1I/&tate at 713.4 = 60 "foso | | 50 nesaas o
keV. Therefore, one can suppose that they belong to the I 38Uy ] ]

400 - —
members of thevh,,,® 2, multiplet, too. The spin assign-

ment for the state at 1786 keV is uncertain because differen 200 - 5
values have been given in Ref40] and[14]. Nevertheless, Sy y o/ 112 \Yi

UAVA

it is likely that we have observed iH°Sn the complete mul- 13 12 115 114
tiplet and therefore the assignment (7)2s proposed for the Sn Sn Sn Sn

state at 1644 keV. FIG. 7. Comparison of thB(E2) values for the transitions from
Moreover, assuming CPC, we should also observe statfe h,,,2; multiplet states to thesh, s, single-particle state in

of the vhy,,®4; multiplet and other states arising from the 11351 [1] and 11°Sn. The energy of the 11/2states has been shifted
coupling of ah;;, neutron to the''“Sn core states shown in to zero.
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are much larger than the correspondiB§E2,4; —2;) 2614 keV in 11“Sn[4] belongs to the deformed2p2h in-
value in 1¥%Sn. Most of the transitions deexciting the statestruder band. This agreement is an additional experimental
above 2.5 MeV are strongly enhanced, thus giving a hint aargument for the interpretation of the bandit’Sn as dis-
collective admixtures to these states. SB{E?2) values are cussed above. In our experiment, the transition probability
typical for intraband transitions of rotational bands built onfor the transition fromwh,,,72p2h band to the state out of
three-quasiparticle states in transitional and deformed nuclethis band in odd-mass tin nuclei has been deduced. The oc-
From values of 10 Weisskopf units (W.sB(E2) currence of such transition is also a hint at probably very
<100 W.u., a deformation of 0.858,=<0.20 can be esti- small, but nevertheless important, admixtures of the
mated. Probably, a change from spherical to slightly de+h;1,m2p2h configuration to low-lying multiplet states in
formed states appears already in this low-energy region. 11o5n,

In Fig. 7, theE2 transition probabilities from the mem-
bers of thevhy;,,® 2] multiplet to vhy,,, single-particle state IV. CONCLUSIONS
in 115Sn are compared with the corresponding one&'isn

. g e The lifetimes of excited states it°Sn have been mea-
where the members of such multiplet were identified more . : . 11
completely[1]. Only two B(E2) values in*'35n are nearly sured using the DSAM in the reactidh®Cd(a,2ny)1%Sn at

equal to theB(E2,2 —01) value in 12Sn. 27.2 MeV. As a result, lifetimes for 18 states and lifetime

S - the basis of th &2 | limits for 6 states were obtained. The analysis of the transi-
ummarizing, on the basis of the measuB(&2) values ., probabilities in!'°Sn allows the following conclusions.

one can conclude that the CPC picture is only an approxima- (i) Most of the experimentally obtainé®(E2) values for

tl'%nSr:O the low-lying negative-parity states i"*Sn and transitions deexciting low-lying states #°Sn are enhanced,

giving a hint at collective admixtures even in these low-lying
states.
C. vhyypw2p2h band (i) The picture of core-particle coupling is only an ap-
Above the 19/2 state at 3319 keV ift!°Sn, a band was proximation for the observed multipletlike negative parity
observed and discussed as a rotational band built on the coftates in'*>Sn.
figuration Vh11/277(9§/§9$/2)- including the deformed (iii) In this work, theB(E2) value for a transition from
w2p2h, Z=50 core excitation in"*4Sn[13]. Assuming this the vhiy;m2p2h band in an odd-mass tin nucleus to a state
interpretation, the 1293.2-keV transitidfiable ) links the ~ out of this band has been determined. The agreement with
19/2° state of thevh,y,m(de305,) band with the 15/2  the B(E2) value of the corresponding transition ft*sn
state of thevh,,,®2; multiplet (Fig. 6). The 11/2 band-  confirms the proposed configuratiorhy,zm(ge297,2) for
head and the 15/2state of this band have not been observedhis band in***Sn[13] and gives a hint at small admixtures
in the experiments. The 19/2state at 3319 keV in5n  of this configuration to low-lying multiplet states iH°Sn.
corresponds to the4state at 2614 keV it'“Sn. As seen in
Fig. 6, the value®8(E2,19/2° —15/27)=3.5+1.1 W.u. for
the transition deexciting the 3319-keV state if*Sn and The authors would like to thank S. Juutinen for helpful
B(E2,4"—2)=4.0=2.4 W.u. for the transition deexcit- discussions and communication of his experimental data
ing the 2614-keV level in''“Sn agree well. The % state at  prior publication.
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