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Lifetimes and collectivity of low-lying states in 115Sn
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The lifetimes of excited states in115Sn have been measured using the Doppler shift attenuation method in
the reaction113Cd(a,2ng) at Ea527.2 MeV. Lifetimes were obtained for 18 states and lifetime limits for 6
states withEx<4 MeV andJ<23/2. The experimentally obtainedB(sL) 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 value ofB(E2)
53.5(11) Weisskopf units~W.u.! for the transition linking the 19/22 state of the intrudernh11/2p2p2h band
to the 15/22 state of thenh11/2^ 21

1 multiplet strongly supports the configurationnh11/2p(g9/2
22g7/2

2 ) ascribed to
this band.@S0556-2813~99!02904-0#

PACS number~s!: 23.20.Lv, 27.60.1j, 21.10.Tg
ti
c
t
a

in
es
n

le
-

n

ifie
to

e
in

s
v
a
r

ea

i-
on

t

n

V
or
%
i-
igh-
rgy

les
ec-
1.

out

ing
this
nd
ac-
he
mi-

-
u-
ions
the
the
e
the

ss
I. INTRODUCTION

During the last few years both odd- and even-mass
isotopes have been studied very intensively. In these nu
many different excitation modes have been observed and
variation of nuclear properties can be studied for a bro
range of the neutron number 50<N<82 ~see Ref.@1# and
references therein!. Even the low-energy states of the t
nuclei have a very complex nature. The structure of th
states is characterized by the competition of spherical ma
quasiparticle neutron excitations@2# and phonon contribu-
tions from the vibrational mode@3#, as well as admixtures
from the deformed low-lying proton two-particle–two-ho
(2p2h) intruder states@4#. Rotational bands based on two
particle–two-hole configurations have been observed
even-mass Sn nuclei@4–7#. The level scheme of115Sn re-
sulting from previous investigations of the (p,ng) @8,9#,
(a,ng) @8#, (a,2ng) @10#, and (a,5ng) reactions@11# is
given in the compilation of@12#. Recently, high-spin states i
115Sn were observed in heavy-ion-induced reactions@13,14#.
In particular, a decoupled rotational band has been ident
above the 19/22 state at 3318.5 keV. This band is believed
be based upon the coupling of ah11/2 neutron to the de-
formed intruder 2p2h band in 114Sn.

While substantial experimental progress has been mad
comprehensive theoretical description of the tin isotopes,
cluding 115Sn, is still lacking. As shown in Sec. III, variou
models describe different aspects of the observed le
schemes but even this description is in most cases not s
fying. Moreover, the comparison of calculated and expe
mental transition probabilities is a severe test of nucl
structure models. Until now lifetimes in115Sn have been
known only for a few low-lying states from Coulomb exc
tation @15#. The aim of present work is to extend the data
the lifetimes of excited states of the115Sn nucleus by using
the Doppler shift attenuation method~DSAM! and to inter-
pret the structure of115Sn levels in the framework of curren
nuclear models.
PRC 590556-2813/99/59~4!/1975~9!/$15.00
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II. EXPERIMENTAL METHODS AND RESULTS

Excited states of115Sn were populated in the reactio
113Cd(a,2ng) by bombarding a self-supporting113Cd target
of 11 mg/cm2 thickness, enriched to 90.2%, with 27.2 Me
a particles from the cyclotron U-120 at the Institute f
Nuclear Research, Kiev. The initial recoil velocity of 0.55
of the velocity of light was estimated from the reaction k
nematics. Gamma-ray spectra were measured with a h
purity Ge detector of 40% relative efficiency and an ene
resolution of 2.2 keV atEg51.33 MeV. The detector was
positioned at a distance of 17 cm from the target at ang
Q530°, 60°, 90°, 120°, and 150° relative to the beam dir
tion. The spectrum measured at 90° is presented in Fig.

The lifetimest of excited states in115Sn were obtained
from an analysis of the Doppler shiftedg-ray line shapes
measured at different angles. This analysis was carried
using an updated version of the computer codeSHAPE de-
scribed in Ref.@16#. In the updated version@17# the multiple
scattering of recoils is treated in greater detail by subdivid
the trajectories into a number of separate segments. In
way, the correlation between the velocity of the recoil a
multiple scattering angle could be accurately taken into
count without simulating individual scattering events. T
same version of the code was used for the lifetime deter
nations in our recent works for113Sn @1#, 115Sb @18#, 117Sb
@19#, and 119I @20#; therefore, we give here only a brief de
scription. The velocity distribution of the recoils was calc
lated by a Monte Carlo code that takes into account react
at different depths of the target and the kinematics of
reaction, as well as the slowing down and deflection of
recoils. The lifetime value which gives the best fit to th
experimentally obtained line shapes was accepted to be
lifetime of the state of interest. The slowing-down proce
was described in the code by the expressiond«/dr
5 f ek«1/21 f n«1/2/(0.67wn12.07«), where« and r are the
energy and range in Lindhard’s units,k is the electronic
Lindhard’s stopping power coefficient,f e and f n are the cor-
1975 ©1999 The American Physical Society
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FIG. 1. g spectrum from113Cd(a,2ng) reac-
tion atEa527.2 MeV measured at 90°. The ene
gies of transitions used for lifetime determinatio
in the present work marked as bold.
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rection factors for the Lindhard’s cross sections@21# for the
electronic and nuclear stopping power, respectively, andwn
is an additional correction factor which characterizes the
ference of the shape for the nuclear stopping power fr
Lindhand-Scharff-Schiott~LSS! theory @16#. When wn51,
this expression approximates the shape with an accuracy
ter than 5% in the energy range 10.«1/2.0.3, but for
smaller «1/2 gives values that are low in comparison wi
LSS theory. The correction factors for the stopping proc
of Cd ions in the Cd target were measured in Ref.@22# using
the line shape analysis from Coulomb excitation under c
dition f n5wn . The results were the following:f e51.27
60.10 and f n5wn50.6260.06. Owing to the high initial
velocity of recoils in this experiment the«1/2 value was much
greater than 1 in the large part of its range; therefore
nuclear stopping power was much lower than the electro
one. The same method for the correction factor determ
tion was used for the reaction with heavy ions@20#. On the
basis of a reliable determination of the electronic correct
factor (f e51.27), the nuclear correction factors were es
mated as~a! f n50.7760.07, wn51, and~b! f n5wn50.70
60.07. Both sets of factors do not contradict each other
agree with previous ones. However, the initial velocity of t
recoils from the (a,2n) reaction is 2–4 times lower tha
from the heavy-ion reaction. For at value greater than 1 p
~i.e., t.ts.p.'0.3–0.4 ps, wherets.p. is the characteristic
time for the stopping of recoils! the main part of recoils is in
the range«1/2,0.3–0.4 where the nuclear stopping power
larger than the electronic one. To adequately account for
nuclear stopping power under such experimental conditio
it is necessary to use a slightly increased value off n in com-
parison with the heavy-ion reaction. Because direct exp
mental measurements of the correction factors for this re
tion were not performed~this is a separate and difficu
experimental task! and the nuclear stopping power is comp
rable with the electronic one, we suggestedf n50.9060.15
and f e51.360.1. The influence of the correction factor u
certainty on the error of thet value depends on thet value
and lies in the range 10–20 % of thet value.

For the evaluation of the lifetimet of a state, the time
characteristics of transitions which feed this level have to
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considered. In the present analysis, complex feeding patt
with up to five direct and cascade feeding components co
be handled. The cascade population of the level under s
was taken into account according to the decay scheme f
the (a,2ng) reaction given in Ref.@10# which is shown in
Fig. 2. The correct account of sidefeeding time (ts.f.) is a
difficult problem of the DSAM. Nevertheless, for man
cases when the angular momenta of the entry states are

FIG. 2. Partial level scheme of115Sn for negative-parity state
~taken from Ref.@10#!.
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PRC 59 1977LIFETIMES AND COLLECTIVITY OF LOW-LYING . . .
much different from the spins of the investigated states,
mechanism of sidefeeding is determined mainly by statist
dipole transitions and the influence of the stretch cascad
negligible. The estimations ofts.f. as well as a few experi
mental results give ts.f.'ks.f.(Ex2Elev), where
ks.f.'0.01–0.02 ps/MeV is more typical for light nuclei (A
<60) andks.f.'0.02–0.03 ps/MeV for heavier nuclei@23–
25#. In the present work, the valueks.f.50.03 ps/MeV was
adopted and this value agrees with the recent experime
result for 119I @20#. The center of the entry region has be
estimated asEx2Elev'2 –4 MeV. Becausets.f.'0.1 ps
,ts.p.'0.3–0.4 ps and the measuredt values exceed 1 ps in
the majority of cases, one can see that the influence ofts.f. on
the final t value is rather small. Some uncertainty ofts.f.
~about 10–20 %! was included in the error oft values pre-
sented in Table I.

As an illustration, in Figs. 3 and 4, the experimental li
shapes of twog rays measured at different angles are sho
together with the result of the line shape analysis. In
analysis, thex2 criterion was determined by varying thet
value separately for each angle. Then thex2 values were
averaged and normalized to one unit, giving thex2 adopted
value for all angles. The statistical error of lifetime was d
termined from the value ofxmin

2 1Dx2, where Dx2

5xmin
2 /(nN2k), n is the number of angles used for lifetim

determination,N is the number of channels in the peak, a
k is the number of varying parameters in the analysisk
52 –5!. The lifetime values obtained in the present expe
ment are given in Table I. The errors include statistical err
and an uncertainty of the correction factors for electronic a
nuclear stoppings.

On the basis of the measuredt values, the reduced tran
sition probabilitiesB(sL) were calculated and presented
Table I as well. The spin and parity assignments for
levels in 115Sn were chosen according to Ref.@14#. The

FIG. 3. Experimentally observed~dots! g-ray line shapes for the
1633.8 keV transition measured at the anglesu530° and 150° and
the result of the line shape analysis~the curves correspond to th
best fit!. The counts are normalized to equal peak areas.
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branching ratios ofg transitions used in the calculation
were taken from Refs.@10,12,14#. The known multipole mix-
ing ratiosd for mixed M1/E2 transitions were taken from
Refs.@10,12#. Unfortunately, there are some transitions w
unknownd. For such transitions, the probabilities were c
culated assuming either pureM1 or E2 multipolarity.

III. DISCUSSION

The low-energy level structure of115Sn as well as other
odd-mass Sn nuclei was known to be characterized by
excitation modes, the single-particle and the collective vib
tion about the spherical equilibrium shape; i.e., the state
115Sn are composed of the valence neutron occupying 1g7/2,
2d5/2, 3s1/2, 2d3/2, and 1h11/2 orbitals coupled to the spheri
cal states of114Sn core. However, existing experimental da
for 115Sn show that even the structure of the lowest states
a more complex nature. So it was found that a number
states of both positive and negative parity cannot be rep
duced in the framework of the shell model and more deta
models are needed for their interpretation. Previously, e
tation energies of low-lying positive and negative-par
states in115Sn have been described by means of the follo
ing model calculations characterizing the present status
the theoretical understanding of the nuclear structure
115Sn: number-projected BCS quasiparticle calculations@26#,
the chain-calculation method@27#, multistep shell-model
BCS calculations@28#, shell-model calculations in a very re
stricted configuration space@29#, calculations within the in-
teracting boson fermion model~IBFM! @30#, the quasiparti-
cle phonon calculations@31#, and microscopic quasiparticle
phonon model calculations@32#. The transition probabilities
have been calculated only in Refs.@26# and @30#. With the
exception of theM2 transition 11/21

2→7/21
1 , noB(sL) val-

ues have been calculated until now for transitions fro
negative-parity states. Large-scale shell-model calculati
for 115Sn are at present not feasible because of the very la

FIG. 4. As for Fig. 3, but for the 1072.4 keV transition. For th
background peak at 1067.7 keV, a long lifetime was assumed,
cause it does not show a Doppler effect.
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TABLE I. Lifetimes of excited states in115Sn and reduced transition probabilitiesB(sL).

Ex Ji
p t Eg Jf

p I g sL d B(E2) B(M1)
~keV! ~ps! ~keV! ~%! ~W.u.! (1023 W.u.)

497.3 3/21 15.962.9a 497.3 1/21 100 M11E2 0.21~2! 2.160.6 1563
612.8 7/21 (4.7060.12)3106a 115.5 3/21 100 E2 0.13060.004
713.4 11/22 (2.2960.02)3108a 100.7 7/21 100 M2g

986.5 5/21 .2c 373.8 7/21 6.1~14! M11E2 20.26~6! ,4.7 ,12
489.3 3/21 100~6! M11E2 0.040~23! ,0.6 ,95
986.5b 1/21 37.0~8! E2 ,3.4

1280.1 3/21 0.920.4
10.5d 293.6 5/21 3.5~5! M11E2 0.2320.16

10.25 ,74 40215
138

668.1 7/21 3.5~8! E2 6.222.4
16.7

783.0 3/21 9.0~8! M11E2 '0.77 2.721.0
12.4 3.621.3

13.3

1280.1b 1/21 100~14! M11E2 22.220.8
10.5 5.722.2

15.5 2.621.5
12.8

1416.8 5/21 ,1.4e 136.7 3/21 1.7~7! M11E2 0.17~15! .400 .100
430.3 5/21 0.8~6! M11E2 '0.55 .1.8 .1.8
804.0 7/21 7~1! (M11E2) .2.7f .2.3f

919.7 3/21 25.8~10! M11E2 20.17~3! .0.15 .5.4
1416.8b 1/21 100~3! E2 .2.2

1633.8 3/21 1.420.2
10.5 1021.1 7/21 11.2~12! E2 1.360.4

1136.5 3/21 25~6! (M11E2) 1.860.7f 3.161.1f

1633.8b 1/21 100~9! (M11E2) 1.160.3f 3.861.0f

1785.6 (9/22) 1.020.2
10.3 1072.4b 11/22 100 (M11E2) 21.6~2! 1363 7.562.2

1857.5 7/21 0.560.1 1360.6b 3/21 100 E2 10.962.2
1945.6 13/22 1.920.4

10.6 1232.3b 11/22 100 M11E2 1223
15 4.661.2 0.0760.05

1996.3 11/21 1.520.2
10.3 1383.8b 7/21 100 E2 3.260.5

2024.8 15/22 1.420.4
10.6 1311.7b 11/22 100 E2 4.761.6

2084.2 7/21 1.320.2
10.4 804.0 3/21 11~3! E2 2.660.7

1097.6b 5/21 100~9! (M11E2) 5.061.1f 7.961.7f

1471.8 7/21 66~6! (M11E2) 0.760.2f 2.260.5f

1586.9 3/21 50~9! E2 0.460.1
2207.7 5/21 1.560.5 1221.1 5/21 100~7! (M11E2) 4.661.7 8.963.3

1595.2b 7/21 53~14! (M11E2) 0.760.3f 2.361.0f

2591.9 (15/22) .3.5 1878.6b 11/22 100 (E2) ,0.3
2653.4 13/22 1.720.7

12.0 306.0 11/22 7~2! (M11E2) 2296147f 28618f

628.2 15/22 54~5! (M11E2) 44626f 22613f

867.5b 11/22 100~10! (M11E2) 1669f 1569f

1940.0 11/22 46~9! (M11E2) 0.1460.09f 0.760.4f

2685.1 17/22 1.820.4
10.7 660.0 15/22 72~12! M11E2 1.9~3! 37613 6.262.6

739.4b 13/22 100~12! E2 38613
2807.5 ~17/2! 0.920.4

10.5 862.4b 13/22 100 (E2) 71632

2842.1 15/22 0.920.2
10.3 496.1 11/22 32~4! E2 200662

817.3b 15/22 100~10! (M11E2) 51616f 40.769.0f

897.7 13/22 22~4! (M11E2) 7.162.4f 6.761.5f

2937.9 (17/22) .2.5 252.8 17/22 33~15! (M11E2) ,1390f ,188f

346.0 15/22 30~15! (M11E2) ,260f ,40f

913.1 15/22 100~50! (M11E2) ,6.6f ,7f

992.3b 13/22 66~33! (E2) ,2.9
3003.4 19/22 0.920.3

10.5 978.5b 15/22 100 E2 33613
3203.2 17/22 .1.5 360.1 (15/22) 39~3! (M11E2) ,460f ,78f

550.1 13/22 100~3! E2 ,143
559 15/22 11~2! (M11E2) ,15f ,6f
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TABLE I. ~Continued!.

Ex Ji
p t Eg Jf

p I g sL d B(E2) B(M1)
~keV! ~ps! ~keV! ~%! ~W.u.! (1023 W.u.)

1178.3b 15/22 55~6! (M11E2) ,1.7f ,3.1f

1257.8 13/22 21~3! E2 ,0.5
3219.7 17/21 1.820.4

10.6 1194.5b 15/22 100 E1h

3318.5 19/22 1.920.5
10.7 115.2 17/22 ,0.2 (M11E2) ,1200f ,20f

475.4 (15/22) 5.0~3! (E2) 28611
674.4 15/22 3.0~5! E2 2.861.1

1293.2b 15/22 100~5! E2 3.561.1
3384.7 (19/21) 0.620.2

10.3 165.5 17/21 20.3~12! (M11E2) 20.05~5! ,520 20006800
576.6 ~17/2! 7.3~20! (M11E2) 45621f 1969f

700.1b 17/22 100~5! (E1)i

3878.3 21/22 1.220.3
10.6 560.6 19/22 32~3! (M11E2) 91632f 37613f

675.1b 17/22 100~5! E2 111638
4059.9 23/22 .1.5 181.0 21/22 3.4~4! (M11E2) ,400f ,90f

588.2 19/22 6.6~5! E2 ,11
741.6b 19/22 100~4! E2 ,55
801.4 (19/22) 4.7~5! (E2) ,1.7
1055.9 19/22 22~1! E2 ,2.0

aReference@12#.
bGamma ray used for the determination of the lifetimet.
cReference@12#: t52.8460.14 ps.
dReference@12#: t50.6360.13 ps.
eReference@12#: t50.5160.06 ps.

fFor a pureE2 or M1 transition.
gB(M2)50.11060.004 W.u.
hB(E1)5(1.320.3

11.6)31024 W.u.
iB(E1)5(1.760.7)31023 W.u.
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configuration spaces required. As concluded in Ref.@1#,
shell-model calculations should also consider the breaku
the Z550 proton core.

Most of the calculations mentioned above assume clo
cores of 50 neutrons (n) and 50 protons (p). The remaining
N250 valence neutrons are considered to occupy the 1g7/2,
2d5/2, 3s1/2, 2d3/2, and 1h11/2 shells, but this configuration
space is drastically truncated in all known calculations.

In Sec. III A, we compare the results of our lifetime me
surements for positive-parity states with theoretical val
available in the literature. Our measured lifetimes
negative-parity states are qualitatively discussed in Sec. I
in the framework of a core-particle coupling~CPC! picture.
In Sec. III C the first case of an experimentally determin
B(E2) value for the transition from a state ofnh11/2p2p2h
band in an odd-mass tin nucleus to a state out of this ban
discussed.

A. Positive-parity states

A partial level scheme of115Sn is given in Fig. 5, show-
ing all positive-parity states observed until now up toEx
51734 keV@12#. Our measured lifetime values for the le
els at 986.5 and 1280.1 keV~Table I! agree reasonably we
with those determined by means of Coulomb-excitation m
surements@15#. A discrepancy is found for the state
1416.8 keV because ourt51.460.3 ps disagrees witht
50.5160.16 ps from Coulomb-excitation measuremen
We cannot rule out the existence of additional unknown tr
sitions which feed the state at 1416.8 keV. Consequently,
presentt value must be regarded as an upper limit for t
state.
of

d

s
f
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d
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-

.
-
e

Spectroscopic factors have been measured for the 1/1
1 ,

3/21
1 , 7/21

1 , 11/21
2 , and 5/21

1 states@33#. For the 11/21
2

state, aC2S value near unity has been found whereas for
positive-parity states values ofC2S,1 have been deduced
allowing the conclusion that only the 11/21

2 state is a rather
purenh11/2 single-particle state.

The ground state of115Sn is a 1/21 state and therefore th
lowest 3/21 and 5/21 states can originate from the couplin
of quadrupole phonons in the core with ground state ord3/2
andd5/2 single-particle states. The result from Coulomb e
citation in 117,119Sn@34# show that the two lowest 3/21 states
in these nuclei have a clearly discernible nature and t
must be a good example of pure collective and sing
particle states, but at the same time both 5/21 states are more
mixed than the 3/21 ones. The results of present work,
well as Ref.@15#, indicate the presence of a quadrupole co
ponent in the first two 3/21 and the first two 5/21 states in
this nucleus. TheB(E2) values~Table I! for the transitions
from 3/21 states and from the first two 5/21 states to the
ground state are slightly enchanced with respect to
single-particle estimate and are closer to each other in c
parison with the corresponding ones in117,119Sn. Therefore,
this must be a hint of the collective admixtures of the
states.

In Table II, our experimentalB(sL) values are compared
with theoretical results obtained by number-projected B
quasiparticle calculations@26#. In this approach, the excite
states are treated as one- or three-quasiparticle neutron
tations of the 1g7/2, 2d5/2, 3s1/2, 2d3/2, and 1h11/2 shells.
The energies of the levels with a large one-quasipart
component are well reproduced by these calculations, bu
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calculated levels with three-quasiparticle components co
out higher than the experimental ones. The discrepanc
the excitation energies was attributed to the restricted ba
Thus, for example, the energies of the 21

1 states in even-mas

FIG. 5. The lowest positive-parity states in115Sn ~taken from
Ref. @12#!.
e
in
is.

Sn isotopes are calculated up to 0.5 MeV higher than
experimental values. In the same calculations@26# it was also
shown that electromagnetic properties are strongly dep
dent on the three-quasiparticle components in the wave fu
tions. Looking at the calculatedB(E2) values in more detail,
nearly all theoretical values are smaller than the experime
results. Most of the theoretical values have the same orde
magnitude as the experimental values, but in four cases
calculated values are smaller by a factor of 1022–1023. The
comparison of calculatedB(M1) values with experimenta
values shows a more dramatic divergence. This diverge
also allows the conclusion that experimental states incl
collective contributions as well as a mixing of the stat
which are not considered by calculations in the framework
this model.

In Table II, the results of calculations performed in th
framework of the U~6!3U~20! symmetry limit of the IBFM
@30# are also presented. For some transitions, the calcul
B(sL) values are in reasonable agreement with the exp
mental ones. However, some observed transitions are for
den in this model; at the same time some calculated tra
tions are strong although they are found to be weak in
experiment. The reason of such a divergence, as discuss
Ref. @30#, must be due to adherence to the exact symme
limit.
TABLE II. Experimental and calculated transition probabilities for low-lying positive parity states in115Sn.

Ex Ji
p Jf

p Eg B(M1)expt B(M1)calc
a B(E2)expt B(E2)calc

a B(E2)calc
b

~keV! ~keV! (1023 W.u.) (1023 W.u.) ~W.u.! ~W.u.! ~W.u.!

497.3 3/21
1 1/21

1 497.3 1563c 5.2 2.160.6c 2.8 2.16
612.8 7/21

1 3/21
1 115.5 0.037 0.13060.004c 0.037 0.42

986.5 5/21
1 7/21

1 373.8 ,12 1.2 ,4.7 0.41 1.0
3/21

1 489.3 ,95 64 ,0.6 0.0096 0.25
1/21

1 986.5 ,3.4 2.3
1280.1 3/22

1 5/21
1 293.6 40215

138 0.068 ,74 0.024
7/21

1 668.1 6.222.4
16.7 4.2

3/21
1 783.0 3.621.3

13.3 0.32 2.721.0
12.4 0.059

1/21
1 1280.1 2.621.5

12.8 1.3 5.722.2
15.5 1.7

1416.8 5/22
1 3/22

1 136.7 .100 .400
5/21

1 430.3 .1.8 0.87 .1.8 0.069 1.78
7/21

1 804.0 (.2.3)d 2.431025 (.2.7)d 4.2
3/21

1 919.7 .5.4 17 .0.15 0.18
1/21

1 1416.8 .2.2 4.6 7.03
1633.8 3/23

1 7/21
1 1021.1 1.360.4 0.6

3/21
1 1136.5 (3.161.1)d 9.5 (1.860.7)d 1.0

1/21
1 1633.8 (3.861.0)d 26 (1.160.3)d 0.85

1643.6 3/24
1 5/21

1 657.1 2.7 1.1
1733.9 5/23

1 3/22
1 453.6

5/21
1 747.7 1.3

7/21
1 1121.3 0.11

3/21
1 1236.5 2.3 9.2

1/21
1 1733.9 0.47

aReference@26#.
bReference@30#.
cReference@12#.
dFor a pureE2 or M1 transition.
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FIG. 6. Partial level scheme of115Sn @10,14#
showing states built on thenh11/2 single-particle
state at 713.4 keV in comparison with yrast stat
and some members of thep2p2h intruder band in
114Sn @4#. For 115Sn, labels on the arrows indicat
our measuredB(E2) values ~W.u.!. The B(E2)
values for114Sn are taken from Ref.@37#.
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Finally, one can see from Table II a very different d
scription by both models of the same states.

B. Negative-parity states

The low-lying negative-parity states in odd-mass Sn i
topes are interpreted as the coupling of a valenceh11/2 neu-
tron to low-lying positive-parity states in the even-even co
@1,11,14,35#. For 115Sn, results of CPC calculations are n
available. Therefore, we compare qualitatively our expe
mental observations in115Sn with characteristics of a CPC
picture.

In Fig. 6, partial level schemes are given, showing lev
in 115Sn built on thenh11/2 state at 713.4 keV, as well as th
yrast states and some members of thep2p2h intruder band
of 114Sn. Except for the 1644, 3258, and 3471 keV sta
observed in a heavy-ion-induced reaction@14#, all the 115Sn
levels presented in Fig. 6 have been identified in our pre
ous work@10#.

According to the CPC picture, the experimentally o
served 19/21

2-15/21
2-11/21

2 level spacings in115Sn should be
close to the 41

1-21
1-01

1 ones in 114Sn. Furthermore, we
should observe five states with 7/22<Jp<15/22 arising
from the multipletnh11/2^ 21

1 (114Sn). Because of the wea
coupling, such a multiplet should be degenerate; i.e.,
states of the multiplet should be concentrated in a relativ
narrow energy range near 2.0 MeV@E(nh11/2)
50.713 MeV1E(21

1 , 114Sn)51.300 MeV]. Nearly all of
these features of the CPC are in accordance with our exp
mental findings. The states at 1644 and 2347 keV in115Sn
are linked by direct transitions to the 11/21

2 state at 713.4
keV. Therefore, one can suppose that they belong to
members of thenh11/2^ 21

1 multiplet, too. The spin assign
ment for the state at 1786 keV is uncertain because diffe
values have been given in Refs.@10# and@14#. Nevertheless,
it is likely that we have observed in115Sn the complete mul-
tiplet and therefore the assignment (7/22) is proposed for the
state at 1644 keV.

Moreover, assuming CPC, we should also observe st
of the nh11/2^ 41

1 multiplet and other states arising from th
coupling of ah11/2 neutron to the114Sn core states shown i
-

s

i-

s

s,

i-

-

e
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e

nt

es

Fig. 6. Negative-parity states with 2592 keV<Ex

<3003 keV may be considered as members of
nh11/2^ 41

1 multiplet and the higher-lying 17/22 and 19/22

states as members of thenh11/2^ 61
1 multiplet. The 17/21,

21/21, and 25/21 states may result from a coupling of ah11/2
neutron to the 32, 52 and 72 core states, respectively.

In Fig. 6, the experimentalB(E2) values are given as
well. In CPC with weak coupling, theB(E2) values of the
transitions from states of thenh11/2^ 21

1 multiplet to the
11/21

2 level in 115Sn are expected to be equal to each ot
and equal to theB(E2) value of the 21

1→01 transition in
114Sn @36#. Only one of these transitions in115Sn ~at 1786.5
keV! has nearly the sameB(E2) value as the 21

1→01
1 tran-

sition in 114Sn. The reason for this might be the mixing in th
41

1 and 21
1 wave functions in114Sn as found, e.g., in ou

shell-model calculations of112Sn levels@1# as well as the
decisive role of two-phonon components in the 41

1 state@3#.
Some of the experimentalB(E2) values of the transitions
between thenh11/2^ 41

1 and nh11/2^ 21
1 multiplets in 115Sn

FIG. 7. Comparison of theB(E2) values for the transitions from
the h11/2^ 21

1 multiplet states to thenh11/2 single-particle state in
113Sn@1# and 115Sn. The energy of the 11/21

2 states has been shifte
to zero.
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are much larger than the correspondingB(E2,41
1→21

1)
value in 114Sn. Most of the transitions deexciting the stat
above 2.5 MeV are strongly enhanced, thus giving a hin
collective admixtures to these states. SuchB(E2) values are
typical for intraband transitions of rotational bands built
three-quasiparticle states in transitional and deformed nu
From values of 10 Weisskopf units (W.u.)<B(E2)
<100 W.u., a deformation of 0.05<b2<0.20 can be esti-
mated. Probably, a change from spherical to slightly
formed states appears already in this low-energy region.

In Fig. 7, theE2 transition probabilities from the mem
bers of thenh11/2^ 21

1 multiplet tonh11/2 single-particle state
in 115Sn are compared with the corresponding ones in113Sn
where the members of such multiplet were identified m
completely@1#. Only two B(E2) values in113Sn are nearly
equal to theB(E2,21

1→01
1) value in 112Sn.

Summarizing, on the basis of the measuredB(E2) values
one can conclude that the CPC picture is only an approxi
tion to the low-lying negative-parity states in113Sn and
115Sn.

C. nh11/2p2p2h band

Above the 19/22 state at 3319 keV in115Sn, a band was
observed and discussed as a rotational band built on the
figuration nh11/2p(g9/2

22g7/2
2 ), including the deformed

p2p2h, Z550 core excitation in114Sn @13#. Assuming this
interpretation, the 1293.2-keV transition~Table I! links the
19/22 state of thenh11/2p(g9/2

22g7/2
2 ) band with the 15/22

state of thenh11/2^ 21
1 multiplet ~Fig. 6!. The 11/22 band-

head and the 15/22 state of this band have not been observ
in the experiments. The 19/22 state at 3319 keV in115Sn
corresponds to the 41 state at 2614 keV in114Sn. As seen in
Fig. 6, the valuesB(E2,19/22→15/22)53.561.1 W.u. for
the transition deexciting the 3319-keV state in115Sn and
B(E2,41→21

1)54.062.4 W.u. for the transition deexcit
ing the 2614-keV level in114Sn agree well. The 41 state at
.
, J

J
s.

h
. O

m
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rk
rt,
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e
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d

2614 keV in 114Sn @4# belongs to the deformedp2p2h in-
truder band. This agreement is an additional experime
argument for the interpretation of the band in115Sn as dis-
cussed above. In our experiment, the transition probab
for the transition fromnh11/2p2p2h band to the state out o
this band in odd-mass tin nuclei has been deduced. The
currence of such transition is also a hint at probably v
small, but nevertheless important, admixtures of
nh11/2p2p2h configuration to low-lying multiplet states in
115Sn.

IV. CONCLUSIONS

The lifetimes of excited states in115Sn have been mea
sured using the DSAM in the reaction113Cd(a,2ng)115Sn at
27.2 MeV. As a result, lifetimes for 18 states and lifetim
limits for 6 states were obtained. The analysis of the tran
tion probabilities in115Sn allows the following conclusions

~i! Most of the experimentally obtainedB(E2) values for
transitions deexciting low-lying states in115Sn are enhanced
giving a hint at collective admixtures even in these low-lyi
states.

~ii ! The picture of core-particle coupling is only an a
proximation for the observed multipletlike negative par
states in115Sn.

~iii ! In this work, theB(E2) value for a transition from
the nh11/2p2p2h band in an odd-mass tin nucleus to a sta
out of this band has been determined. The agreement
the B(E2) value of the corresponding transition in114Sn
confirms the proposed configurationnh11/2p(g9/2

22g7/2
2 ) for

this band in115Sn @13# and gives a hint at small admixture
of this configuration to low-lying multiplet states in115Sn.
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