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Lifetimes of excited states with spin I™ = 23/2~ — 39/2~ belonging to
the mhy1/» band in '*'La have been measured using the DSA method.
The !3'La nuclei were produced in the 22Sn(**N,5n)'*!La reaction at
E(*N) = 70 MeV. Experimental data for the hyq /> band in ¥ La have been
compared with the CQPC and TRS model calculations. The additional ex-
periment has been done to determine the stopping power parameters.

PACS numbers: 21.10.Tg, 23.20.Lv, 27.60.+]

1. Introduction

The energies, spins and parities of excited states of the mwhy;/5 band in
13112 up to spin 43/2~ are known from [1,2]. The lifetimes of the 11/27,
15/27,19/2, 23/2" states were measured in |3] using the Recoil Distance
Method. In our work we concentrated on the higher states with shorter life-
times that were determined using the Doppler Shift Attenuation Method.
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The properties of the 7hyy/o band in the odd-A nuclei are particularly in-
teresting since chiral bands observed recently in the odd-odd La nuclei [4]
have similar configuration. In these bands the odd proton also occupies
hyy /9 orbital. Hence, the knowledge of the B311,a nucleus can be helpful in
understanding the structure of the chiral bands.

2. Experimental

The !3!'La nuclei were produced in the 22Sn('*N,5n)!3!La reaction at
a beam energy of 70 MeV. The beam was provided by the Warsaw University
cyclotron. The target thickness was 10 mg/cm? which allows recoils to stop
inside the target. y—y coincidences were collected by the OSIRIS-II multi-
detector array which consists of 10 Compton-suppressed HPGe detectors.
Lifetimes of the excited states (with spins from 23/27 to 39/27) belonging to
the whyy /o band were measured using the Doppler Shift Attenuation Method.
The line-shape analysis has been done using codes COMPA, GAMMA and
SHAPE developed by Pasternak (see [5] and references therein).

2.1. Determination of the stopping power parameters

The knowledge of the slowing down process of the recoils is the seri-
ous problem in DSA measurements. The stopping power is given by two
components (see Fig. 1): electronic S, and nuclear S, stopping powers |6]
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where € and p are energy and distance given in Lindhard’s units, respectively;
fey fn, ¢n are stopping power calibration parameters. Results of Arstila
et al., [7] and our previous experiment [8] suggest that Ziegler values of the
electronic stopping power for velocities v/c < 0.015 are too low. Therefore,
we carried out the additional experiment, using the “semi-thick” method [§],
to determine the stopping power parameters f., fn and ¢,. In this experi-
ment a 1.5 mg/cm? natural Sn target has been used. From the line-shape
analysis of 7y lines (474keV(19/2~ — 15/27), 642keV (23/27 — 19/27) and
785keV(27/2~ — 23/27)) belonging to '?’La the parameters f. = 1.00 and
fn = ¢n = 0.6 have been obtained. These parameters are in good agreement
with the Lindhard theory [6] and differ significantly from the values given
by Ziegler |9] (see Fig. 1).
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Fig. 1. Left panel: electronic S, and nuclear S,, stopping powers of '2?La recoils as
a function of energy e. Solid lines represent our results, dotted lines — Ziegler’s
data. Right panel: results of the line-shape analysis for the 785keV transition in
129La. Solid and dotted lines stand for line-shapes obtained with stopping power
parameters determined in our work and in the Ziegler study, respectively.

3. Results and interpretation

The experimental values of the reduced B(E2;I — I —2) transition prob-
abilities for the states belonging to the mhy;/, band measured in this work
and in [3] are presented in Fig. 2. There are also shown the predictions of the
Core Quasiparticle Coupling model [10]. Results marked as CQPC corre-
sponds to the case in which the properties of even—even *°Ba core have been
described in the frame of the rigid triaxial rotor. The theoretical calculations
do not reproduce the diminishing values of B(E2) observed in the experi-
ment for I™ > 27/27. The predictions of the Total Ruthian Surface [11]
calculations are also in disagreement with the experiment for I™ > 27/2~
(line marked TRS in Fig. 2). In the approach called MOD CQPC the ex-
perimental data (energies and B(E2) values up to I = 12) concerning *Ba
were used to replace partly the theoretical ones. It is worth adding that the
experimental B(E2) values for intraband transitions between states of the
yrast band in °Ba increase with spin up to I ~ 6 and decrease for I > 8.
The standard rigid 3-axial rotor does not reproduce such behaviour. It is
seen from Fig. 2, that results of the MOD CQPC calculations fit better to
the measured B(E2) values. This suggests that the reduction of collectivity
for I™ > 27/27 in 3!'La results from the change in the structure of the
even—even core.
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Fig.2. Reduced transition probabilities. Open circles — experimental results ob-
tained using the RDM method [3], full circles — results obtained in this work.
Thin and thick solid lines are the results of the CQPC calculations with the core
properties taken purely from the theory (rigid 3-axial rotor) and modified by the
experimental data, respectively. Dot-dashed curve — the TRS calculations.

4. Conclusions

It follows from our results, that the electromagnetic properties of the
mhyy /o states in 131La are related to properties of '**Ba and a standard rigid
3-axial rotor does not represent, at high spin states, the real *°Ba and ®'La
nuclei. One expects that the B(E2) values for high spin states developed on
the chiral 7whyy /2 ® vhyy /2 configuration may reflect the behaviour observed
in the mhyy /9 band of 1311a.
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