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The neutron deficiertt*! Th nucleus has been studied with ffé&lo (**Fe, ap) reaction at 240-MeV incident
energy and the multidetector array GASP. For the yrdst, ,» decoupled band, excited states up to 6.7 MeV
and spin up tel7/2~ have been observed. This band presents an upbend at rotational frequéncy-df.38
MeV due to the alignment df,, /, protons. The results are discussed in terms of the Cranking model.

Neutron-deficient odd-proton nuclei in the A = 140 re- various masses produced in the reaction, the recoil 1
gion display many interesting collective properties. The spectrometer CAMEL [4] was coupled to GASP. The ¢
odd-proton nuclei in this region have moderate prolate pled GASP-CAMEL system has an intrinsic mass resolu
quadrupole deformationg§~0.2 ) at low spin and are soft better than 1/300 and the transmission efficiency in this
with respect to changes in deformation, which leads to a periment was about 1%. Events have been collected on
rich variety of band structures. Theh,, p0rbital plays an  when at least two Compton-suppressed HPGe detector
important role in the structure of these nuclei. The lBw- two BGO detectors fired in coincidence. A total of 1.3%1
members of this orbital are close to the Fermi surface, giv- Compton-suppressed events was collected. The data
ing rise to decoupled yrast bands at prolate deformations.been Doppler corrected and sorted into charged paricl
Pairs ofrhy, /o quasiparticles align at modest rotational fre- ~, massy-y and~vy-y-y cubes. Various nuclei (Z=63 to 6
quencies stabilizing prolate configurations £ 0°). The N=75 to 78) were produced in this experiment, the 3p cl
alignment ofvhy,/, quasiparticles from the upper part of nel leading to'**Th was the most strongly populated r
this shell exert a driving force towards collectively rotating cleus and the results on the high-spin structures obse
oblate nuclear shapes (= —60°, according to the Lund  were described in Ref.[5], where a more detailed des
convention[1]) , inducing shape changes in these nuclei.  tion of the experiment and the data analysis may be fo

. , . . Other nuclei studied in this experiment wefé€Tb [6], and
In order to investigate neutron-deficient nuclei in the 143Dy [7]. We report here the results on the channel

A=140 mass region we have performed an experiment With |g,qing to the neutron deficient nucletTh. This nu-
the **Fe+"2Mo reaction at 240-MeV incident energy. The (joys is the heaviest N=76 odd-proton nucleus to be stt
target égsed was an approximately 1.0 mgfcthick en- 4 high spin by means of-ray spectroscopy. The grour
riched ™Mo foil. ‘The incident beam was ot_)talned WIth - gtate of this nucleus is known to be 5/8], and previous tc
the tandem XTU accelerator of Legnaro National Labora- ihe present work only the first three low-lyingtransitions
tories, Legnaro, ltaly. The multidetector array GASP [2], gmjtted from the levels populated with the heavy ion re

composed of 40 Compton-suppressed high-efficiency HPGe;j, 54Fe 492Mo at 260 MeV were known: 307.3. 503.8 a
detectors and the 80-element BGO inner ball, was used for647_5 keV [9]. '

obtaining gamma-ray double and triple coincidence spec-

tra. The multi-telescope light-charged-particle detector ar-  The comparison with the mass-141 gated spectra
ray (ISIS) [3], consisting of 40 Si surface-barridE-E tele- the particle gated spectra permitted unambiguous as
scopes, enabled the selection of the multiplicities of the ment of newly observeg-transitions to thé'Th nucleus.
evaporated charged particles in coincidence with the ob-Background-subtracted spectra generated from those r
servedy-rays. In order to permit the identification of the ces were used to construct the level scheme. Those ma
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were analysed using the VPAK [10] and RADWARE [11]
spectrum analysis codes. The fully symmetrizeg-y cube
was used to construety matrices in coincidence with sev-
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In Fig. 2 the v1p particle-gated (a) and mass-141 gated
(b) spectra in coincidence with the 307 keV transition are
shown. In the inset the high-energy transitions connecting

eral transitions, confirming and extending the level schemethe high-spin states are shown. The peaks present in bo
of M1Th (Fig. 1). The assignment of the spins and parities spectra are assignedtt Th.

to the ! Th levels was based on the DCO (directional cor-
relation from oriented states) ratios [12].
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Figure 1. The level scheme of' Tb obtained from the present
work.
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Figure 2. Gamma-ray spectra in coincidence with the 307-keV
line. a) gated with particle fold 1pd In the inset high-energy
transitions connecting the high-spin states are shown. b) gated o

Several sequences gfrays could be assigned to the
11Th nucleus based on A-gated and charge-particle mul
tiplicity gate, but the placement of theses sequences on th
level scheme was not possible.
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Figure 3. Quasiparticle Routhians as a function of rotational fre-
quency, assuming deformation parameters@f= 0.229, 84 =
—0.033 andy = —22.6°. Top: quasineutrons; bottom: quasipro-
tons.

The angular momentum of the yrast band observed ir
141Tph presents a sharp upbend at a rotational frequency c
hw = 0.38 MeV (Fig. 4). The gain in alignment at that
frequency is about.5h. The TRS [13] calculations pre-
dict quasiparticle alignments of both protons and neutron:
around that frequency with a very large gain in total align-
ment (about 18). It is more likely, however, that only the
alignment of protons is observed experimentally. CSM cal-
culations (Fig. 3) predict a gain of 5i6n alignment from
the first allowedrh,, , crossing (FG, atw = 0.42MeV),
and 6.9 for the vh,,/, EF crossing (afw = 0.46 MeV),
assuming deformation parameters ¢f = 0.229, 84 =
—0.033 andy = —22.6° (from the TRS minimum obtained
for the E quasiproton configuration/at = 0.298 MeV). In
order to obtain the TRS predictions for the three-quasiprotor
configuration (EFG) at high frequency, we performed the
calculations with the excitation of a pair of negative parity
quasineutrons. Above the quasineutron crossing frequenc
this corresponds to the diabatic continuation of the neu
tron quasiparticle vacuum. In this manner we followed the
sequence of calculated quantities which correspond to th

rerossing of the E with the EFG quasiproton configurations

mass A=141. The peaks present in both spectra can be assigneWh”e the neutrons remain in the quasiparticle vacuum. In

to'*! Th.

other words, below the crossing frequency, we followed the
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lowest negative parity excitation, while above it, the second In conclusion the high spin states of the neutron d
lowest. The total spin as a function of rotational frequency cient '4'Th nucleus were measured for the first time. |
calculated by the TRS code with this procedure is presentecdthe yrastrh,,,, decoupled band, excited states up to
in Fig. 4 together with the experimental values. The agree-MeV and spin up to 47/2 have been observed. This ba
ment between the two is quite reasonable; the calculationspresents an upbend at rotational frequencyuof= 0.38
however, overestimated the alignment spin gain in the cross-MeV due to the alignment of;h, protons. The results fc
ing by about2h. Similar results were obtained for the iso- the yrast band add important information with regards to
tone '3°Eu[14]. It should be pointed out that, in this fig- systematics of bandcrossings towards the most neutro
ure the choice of the calculated points nearby the crossingficient nuclei in the mass-140 region, and to the proo
frequency (which link between the two crossing configura- theoretical model calculations.

tions) is rather arbitrary, and was guided by the experimen-  We thank Mr. G Manente for the preparation of 1
tal results. The origin of this dificulty is related to the use targets and the staff of the XTU-Tandem of LNL for t
of a frequency (which is the free parameter) step of calcu- smooth operation of the accelerator. This work was part
lated data points, rather than a spin step (which, incidentally, supported by Istituto Nazionale di Fisica Nucleare (INF
should be of two units, corresponding to E2 transitions). On |taly, Fundaéo de Amparcd Pesquisa do Estado d&ct
the other hand, sufficiently far from the crossing frequency Paulo FAPESP) and Conselho Nacional de Desenvol
no ambiguity remains and the choices are independent of themento Cierifico e Tecnabgico (CNPq), Brazil.
experiment.
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