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Abstract. High spin states of '*La have been populated using the reaction '°Sn+!*N at 68 MeV. y-rays
and conversion electrons were detected with the GAREL array. Multipolarities of the lowest-lying in-band
dipole transitions have been determined from the deduced internal conversion coefficients. Experimental
B(M1)/B(E2) ratios have been derived for the bands and compared with calculated values using the Dénau-
Frauendorf geometrical model. Configurations are proposed for the bands comparing them with cranked
shell model calculations and on the basis of the measured B(M1)/B(E2) ratios. The S-decay of *°La has
also been revisited. The population of the 126Ba levels gives a probable spin value of five for the decaying
high-spin '?%La state with T} /2~64 s which may indicate a signature inversion in the 7hy;2vh;; /2 band.

PACS. 21.10.Re Collective levels — 23.20.Lv  Gamma transitions and level energies — 21.60.Ev Collective

models — 27.60.4j 90 < A <149

It has been shown recently [1] that the whyy /50/hq4 /2 bands
in the light Cs isotopes systematically exhibit signature
inversion at relatively low spins. This phenomenon is ex-
pected when one of the valence nucleons lies in a low-{2 or-
bital of a high-j shell while the other nucleon is placed on a
high- or medium-{?2 orbital of a high-7 shell. In the light La
nuclei similarly to the Cs case the proton Fermi level lies
just below the [550]1/2~ low-{2 Nilsson orbital while the
neutron Fermi level is close to the [523]7/27 orbital at the
middle of the hy; /o subshell. On the basis of this fact one
can expect signature inversion for the 7hy; ovhyy /5 bands
in the light La isotopes, too. These bands are known in
the La isotopes, however till now there is no unambiguous
spin-parity assignment for them, and therefore the signa-
tures are not known either. In '26La high-spin bands have
been observed in [2] and their configurations have been
tentatively assigned as mhyy/ovhyy/9 and mwhyy/ovgr/2 on
the basis of their signature splitting. The spins and parities
were tentatively derived from the assigned configurations
using the Gallagher-Moszkowski rules assuming that the
lowest observed levels are the bandheads.

Experiments have been performed in order to establish
the spin and parity values of the levels in the high-spin
bands of 126La and consequently to determine the signa-
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Fig. 1. Partial level scheme of *2°La obtained in the present
work. Level and ~-ray energies are given in keV. The width of
the arrows is proportional to the y-ray intensity
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tures in the 7hy; ovhy1 /5 band. High spin states of the nu-
cleus have been populated using the reaction '6Sn+!4N
at 68 MeV. The beam was provided by the Vivitron accel-
erator at IReS, Strasbourg. The y-rays and the conversion
electrons were detected with the GAREL array comprising
fourteen EUROGAM2 tapered coaxial detectors, a planar
Ge detector (LEPS) and the Betatronc [3], a gradient-field
solenoidal electron guide equipped with a cooled Si(Li)
detector of 28 mm diameter and 6 mm thickness. The -
detectors were supported on one side of the beam line by
part of the EUROGAM2 mechanical frame. Their front
faces were placed at 15 cm from the target. The electron
guide was installed on the other side at 90° to the beam.
Its entrance face was at 11 cm from the target.

To stop the recoiling products of the nuclear reac-
tion prior to conversion-electron emission, the targets were
made of 190 pg/cm? of 16Sn evaporated onto 200 pg/cm?
of carbone. To reject the main part of J-electrons cre-
ated at the target by beam bombardment, a potential
barrier was inserted inside the ion-guide chamber, along
its axis. It was realized with an electrically isolated cylin-
der made of anodised aluminium of 80 mm diameter and
20cm length. Negative high voltage from 12 to 15 kV was
applied.

45x10° y(coaxial)-y(coaxial), 1.3x10® v(coaxial)-con-
version electron and 1.4x105 ~(coaxial)-y(LEPS) coinci-
dence events were collected and stored on magnetic tapes.
During the off-line analysis two-dimensional matrices
were sorted from the coincidence events. The 7y(coaxial)-
~(coaxial) matrix has been analysed using the Radware
[4] graphical program package. The previously known (
[2]) level scheme has been confirmed up to spin 14. The
observed level scheme is shown in Fig. 1.

Internal conversion coefficients have been derived for
the lowest-lying inband dipole transitions comparing the
~-ray and conversion-electron intensities in the spectra ob-
tained by setting the same gates on the ~(coaxial) axis in
the 7(coaxial)-y(LEPS) and in the vy(coaxial)-conversion
electron matrices. Sample ~-ray and conversion-electron
spectra are shown in Fig. 2. The efficiencies of the Ge
detectors and electron guide were obtained with '33Ba,
152Fu and 223Ra radioactive sources. In the 50 — 400 keV
electron-energy range the absolute efficiency of the elec-
tron guide was larger than 2% with a maximum of 4.5%
around 300 keV. The conversion coefficients were normal-
ized to the 252 keV and 256 keV E2 transitions from the
first excited states of 12’La and '2%Ba, respectively, which
were strongly populated in the experiment. The obtained
conversion coeflicients give M1 or E2 multipolarity for the
strong low-energy transitions. For the five lowest-energy
transitions the K/L value have also been determined pro-
viding unambiguous M1 character for them. The observed
conversion coefficients and K /L values are shown in Fig. 3.

It has been observed [6] and confirmed recently [7] that
the B-decay of 125La corresponds to two different decay-
ing states, one populating the low-spin states while the
other the high-spin (5-6) states in 12°Ba. From the mea-
sured 3 end-point energies [8] the high-spin state lies be-
low the low-spin one by about 200 keV, however with an
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Fig. 2. Sample 7-ray (upper panel) and conversion electron
(lower panel) spectra obtained in the present experiment. The
vertical lines indicate the position of the K-conversion lines of
the corresponding ~-rays. The gates were set on the 116, 137,
230 and 211 keV ~ rays

10°

10

Internal conversion coefficlent, o,

10° }

50 100 150 200 250 300 350
E, (keV)

Fig. 3. Experimental (symbols with error bars) and calculated

(solid and dotted curves) ax conversion coefficients for the

strongest 125La transitions. The insert in the left bottom corner
shows the K/L values

experimental error of about 400 keV which does not rule
out strictly the opposite ordering. Assuming that the ob-
served high-spin decaying state corresponds to the lowest
state of either band 1 or band 2 a search was performed
for low-energy decay-out transitions setting gates on the
strongest inband 7 rays in the «y(coaxial)-y(LEPS) and in
the vy(coaxial)-conversion electron matrices . No new tran-
sitions were seen in these coincidence spectra although the
statistics and the purity of the spectra would enable to
see E1 and M1 decay-out transitions with energies larger
than 35 keV and 45 keV, respectively. This fact favours
the scenario of being the high-spin decaying state below
the low-spin one.

In order to confirm the previous tentative configura-
tion assignments for the observed bands we compared
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Table 1. Parameters used to calculate B(M1)/B(E2) ratios

Configuration (g)-factor (K) value (i)
(I/d5/2) -0.33 2.5 0.5
(vgr/2) 0.21 2.5 1.0
(I/hll/g) —0.21 3.5 3.0
(ﬂhll/g) 1.17 0.5 5.0

them with cranked shell model calculations and we also
compared the observed B(M1)/B(E2) ratios with calcu-
lated values using the Dénau-Frauendorf semiclassical for-
malism [5]. In Fig. 4 the calculated proton and neutron
cranking Routhians are shown for the shape characterized
by £2=0.25, which is a typical value in this region, while
the 84 and ~ values were set to zero. The experimental
and calculated B(M1)/B(E2) ratios are shown in Fig. 5.
The g-factors, K and alignment values used in the calcu-
lations are given in Table 1, gg was taken as Z/A and the
Qo electric quadrupole moment was calculated assuming
an axially symmetric shape with §2=0.25.

According to Fig. 4 the yrast band is expected to arise
from the coupling of the a=-1/2 signature of the proton
[550]1/2 Nilsson state to the two signatures of the neutron
[523]7/2 orbital because of the large signature splitting of
the [550]1/2 Routhians.

This band is expected to have positive parity and be-
cause of the blocking effect of the occupied [550]1/2 proton
and [523]7/2 neutron orbitals neither the first proton nor
the first neutron alignment is expected in this band. The
next low-energy bands are expected to arise from the cou-
pling of the proton [550]1/2 state to the bunch of three
close-lying positive parity neutron orbitals comprising the
two signatures of the [402]5/2 Nilsson state and the a=-
1/2 signature branch of the [411]1/2 state. As the a=-1/2
signature orbitals in the bunch probably mix with each
other we can expect three E2 bands coupled to each other
with M1 transitions.

The experimentally observed band structures fit well
to these expectations. Band 1 is built of two E2 bands
coupled to each other by M1 transitions and it does not
show alignment up to the 0.55 MeV rotational frequency.
These facts and the agreement between the observed
B(M1)/B(E2) ratios with the calculated values confirm
the mhy/pvhyy /o configuration assignment for this band.
Bands 2 and 3 form a coupled structure of three E2 bands.
They do not show the first proton alignment expected be-
low 0.3 MeV but show the beginning of an upband at
about 0.4 MeV which is the expected frequency for the
first neutron alignment. The experimental B(M1)/B(E2)
ratios of band 2 lies between the calculated curves for the
mhyy/ovds /o and the why 9vg7 /2 configurations but closer
to the first one. This is in agreement with the fact that the
[402]5/2 Nilsson orbital has basically ds/, character but
mixed with g7 /5. This assignment, however, implies that in
this three E2 band structure there should be two E2 band
with a=1 signature and one with a=0 signature. This con-
tradicts to the previous tentative spin assignment. In order
to be in agreement with the calculations we propose (47)
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Fig. 4. Cranked shell model Routhians calculated for 2%La.
The used parameters are given in the text
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Fig. 5. Experimental and calculated B(M1)/B(E2) ratios for
bands 1 and 2

spin-parity for the lowest-energy level of band 2 which,
according to the Gallagher-Moszkowski rules, should be
3~ or higher.

In a previous (-decay experiment using the He-jet
technique and the Mo + 3°Cl reaction [6] we observed
direct population of the '26Ba states from spin 0 to spin 7
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Table 2. Relative population strengths of the ?°Ba states
from the B-decay of 12°La assuming no direct feedings to the
07" states

Spin 0 2 3 4 5 6 7
Strength [0.0] 13.2 13.2 438 21.5 6.8 1.5

in agreement with the scenario that there are two states in
126,53 decaying by A7, one with low spin and one with high
spin. The observed relative global population strengths of
the states is shown in Table 2 as a function of the spin.
The facts that the most strongly populated spins are 4 and
5 but states with spins 6 and 7 are also directly populated
suggest a probable spin of 5 for the high-spin decaying
state.

Assuming that the lowest-energy high-spin state be-
longs to band 1 the above facts provide a most proba-
ble spin of 5 for the lowest level of band 1. According to
the Gallagher-Moszkowski rules it is expected to be 4 or
higher. This new spin assignment, however, changes the
signature values belonging to the levels in band 1 and
with the new signatures it shows signature inversion sim-
ilarly to the 7hy;/orhyy/2 bands in the light Cs nuclei.
This means that the existence of the signature inversion
does not depend as strongly on the proton number in this
region as it is proposed in [1].

In conclusion the '?6La high-spin bands and their
[-decay have been investigated. Multipolarities of
the strong-est transitions have been determined from
conversion-elect-ron measurement. The previous tentative
configuration assignments of the bands have been con-
firmed. New spin and signature values have been proposed
for the bands on the basis of the observed 3-decay proper-
ties and comparison with cranked shell model calculations.
With the new signature values band 1 shows signature in-
version similarly to the 7hy; 5vhy1 /5 bands in the light Cs
nuclei.
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