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Résumé. 2014 A partir d’une étude expérimentale du 180Ta par la réaction (p, d), on déduit les
éléments de matrice de l’interaction résiduelle neutron-proton pour certains doublets Gallagher-
Moszkowski.

Abstract. 2014 Some residual neutron-proton interaction matrix elements have been deduced for
band-head doublets in the odd-odd nucleus 180Ta from a spectroscopic study using the (p, d) reaction.
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Spectroscopic studies of odd-odd nuclei in the rare
earth region have been widely used in the frame of a
given model to deduce an estimate of the effective
residual interaction Vnp between the unpaired proton
and the neutron.

Following Boisson et al. [1] the Hamiltonian of an
odd-odd axially symmetric nucleus is given by

where Hadiab is the adiabatical part of the Hamiltonian
and HRPc corresponds to the Coriolis coupling.
The intrinsic part of the eigenfunction of Hadiab

is a direct product of the Nilsson states of the unpaired
proton and the neutron xk = XUp ~. Because of
axial symmetry the projections of the spins ~2p and
Qn can couple either parallel or antiparallel giving
the projection quantum numbers for the resulting
band-head doublet

with ~ = ~ + 2~ and E = ± 2, corresponding to

spin up T or down ~ respectively.
Following the Gallagher-Moszkowski (G-M) empi-

rical rule, the lower-energy member of the doublet
corresponds to parallel coupling of the intrinsic

spins [2]. It may be the K, or the ~ state. The parity II
is deduced from the parities of the odd-particle states :
II = .

In the absence of Coriolis coupling and neglecting

the off-diagonal elements of Vnp, the energy separa-
tion of the doublet band-head members is given by

where A is the G-M term, B the Newby term of Vnp
which appears only for K = 0 [3], and a the decoupl-
ing parameter.
The aim of this paper is to estimate the two terms

A and B from an experimental study of l~gTa107’
Spectroscopic information on this nucleus was very
poor up to now. Only two states, both isomeric, were
known : the ground state with spin 8+ or 9 -,

and a 1 + state, 7B/2 ~ 8 h, at 32 keV [4, 5]. An expe-
rimental study of the 181Ta(p, d) 18 °Ta reaction was
therefore undertaken.
With the assumption of a direct reaction mecha-

nism, the odd proton is a spectator such that its orbit
is the same as in the ground state of the targeti 8lTa
i.e. 7/2+ [404 ~]. States observed in the low-energy
part of the resulting 18 °Ta spectrum are therefore
members of the rotational bands built on intrinsic
states obtained by the coupling of the 7/2+ [404 ~]
proton configuration with the neutron intrinsic states
of the neighbouring isotones (179Hf, 181W...).
The reaction has been studied at Ep = 19 MeV on

the Strasbourg MP tandem. The outgoing deuterons
were detected in the focal plane of a Buechner magnet
spectrograph and recorded in four position sensitive
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FIG. 1. - Experimental spectra for the 181Ta(p, d)18°Ta reaction
observed in various detectors with overlapping magnetic fields.

detectors. Targets of 200 Jlg/cm2 of natural tanta-
lum have been used giving an overall resolution of
about 15 keV. Figure 1 shows experimental spectra
observed in various detectors with overlapping magne-
tic fields. The absolute error for excitation energies
was estimated to be better than 5 keV. Various (p, d)
reactions on light nuclei have been used for the spec-
trograph calibration. The excitation energies reported
in figure 1 refer to the centre of gravity of the peaks
obtained through a curve fitting program.

Twenty-one levels are observed up to 1 MeV
excitation and most of their angular distributions
were measured. A preliminary report of this experi-
ment was given in a recent communication [6].

In the DWBA analysis, the optical model para-
meters were taken from the survey of Elbek and

Tjom [7]. For comparison with experiment only
transfers with (d~/dS~)~,~R &#x3E; 1 ub/sr have been consi-
dered. Some angular distributions show obvious I

values. This was a great help in the first step of the
identification of the states. The identification of
observed levels with levels predicted by the model was
obtained through the following procedure.

1) The band-head energies were estimated with
the aid of equation (43) in reference [8] from known
Nilsson neutron states in 17 9Hf [9] e.g. 9/2+ [624 T],
7/2- [514 ~ 1/2- [510 j], 5/2- [512 ~ 1/2- [521 ~j
and 3 /2 - [512 ~ ] ; the initial values of matrix elements
of Vnp and inertia parameters are taken from refe-
rence [1] and estimated from neighbouring nuclei [10],
respectively.

2) The initial values of these parameters are varied
in order to obtain the best agreement between theory
and experiment in reproducing (i) the energy spec-
trum, (ii) the angular distribution shapes and (iii) the
absolute cross section [11].
The final values for the A and B terms of equation (2)

are then deduced. Among the odd-parity levels, the
two states I’ = 3 - and 1" = 4 - due to the coupling
p 7/2+ [404 ~], n 1/2- [521 are expected to have the
largest cross sections in the excitation energy range
considered. They are identified as the main compo-
nents of the two peaks observed in the spectrum at
785 and 723 keV, where angular distributions show
dominant I = 1 transfer as expected (Fig. 2). Solid

FIG. 2. - Angular distribution of levels at 723 keV and 785 keV.
Solid lines are DWBA calculations (see text).
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TABLE I

Comparison of the theoretical energies and cross-sections with the experimental values. Energies are in keV

curves are theoretical predictions for levels with

eigenstate components reported in table I. A normali-
. Y/1Bzation factor 6(o)"P = 1.3 was necessary in order to( )th

obtain the fits of figure 2. Due to the experimental
resolution, it is likely that observed peaks are multi-
plets including members of other bands contributing
to the measured cross section. In the case of the two
states studied here such a contribution has been
estimated to be smaller than 10 %. In table II, the
G-M term deduced from this experiment is compared
to values from other nuclei.
The G-M doublet based on the p 7/2+ [404 1],

n 7/2- [514 ~] coupling is composed of (7-, 7) and
(0-, 0) levels. The first one is found with a good evi-
dence at 173 keV. Among the possible C~, j = 11/2,
I = 5, Q = 7/2 is the most important one and I = 5
is dominant in the shape of the angular distribution.
The total value of the observed absolute cross section
is explained by the presence in this region of the 8 +
member of the 1 +, 8+ G-M doublet p 7/2+ [404 JJ,
n 9/2+ [624 j] deduced from the values of A [1] and

TABLE II

Comparison with previous results of ~ Vnp ~ values
deduced from this study. Energies are in keV

(") Present experiment.
(b) Ref. [1].
0 Eigenvalues of JC (Eq. (1)).

the rotational term. Furthermore, the (4+, 1) member
of the (1 +, 1 +) band is also present in the same energy
range and the sum of the contributions of these three
states gives a better fit of the details of the angular
distribution (Fig. 3).

FIG. 3. - Angular distribution of a multiplet of states at

Ex = 173 keV. The curves are DWBA fits. The dotted, the dashed-
dotted and the solid lines refer respectively to the 8 +, 8 ; 7 -, 7

and the sum of three states (8+, 8 ; 7-, 7 and 4+, 1).

The second member (0 -, 0) of the doublet has a
calculated cross section smaller than 1 ~b/sr and
therefore cannot be observed in the present experiment
According to the magnitude of the G-M term [1],
one predicts this level to be located at 400 ± 50 keV
because the Newby term here decreases the energy
of the odd members of the K = 0 rotational band. A

relatively large experimental cross section is found for
a level at 414 keV which shows an I = 3 angular dis-
tribution. The l-value and the cross section are

accounted for by the expected states in this region;
i.e. the (1-, 1) from the p 7/2+ [404 ~ n 5/2- [512 j]
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coupling, the lowered (2-, 0) state and the (3-, 0)
state. This places the unobserved (0-, 0) level at

370 keV. The resulting Newby term, B = 50 keV,
and the shifts due to Coriolis coupling explain the
positions of the observed members of this band.
The values of the matrix elements Vnp deduced

from this study are compared in table II with the

values given by Boisson et al. [1] for other nuclei,
where Coriolis coupling and off-diagonal effects
of Vnp were taken into account.
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