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We have investigated the effects of the neutron—proton interaction in
several doubly odd deformed nuclei within the framework of the particle-
rotor model. In this paper, we show some selected results of our study
which evidence the importance of the tensor-force effects.
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1. Introduction

As is well known, the two most important effects associated with the
residual interaction between the odd neutron and the odd proton in doubly
odd deformed nuclei are the Gallagher-Moszkowski (GM) splitting [1] and
the Newby (N) shift [2]. In addition relevant information may be provided
by the study of the odd—even staggering in K # 0 bands [3,4]. In fact, this
effect may be traced to direct Coriolis coupling of K # 0 bands with one or
more N-shifted K = 0 bands.

As early as some thirty years ago, several efforts [5-7] were made to
obtain detailed information on the effective neutron—proton interaction in
the rare-earth region from the empirical values of GM splittings and N-
shifts. In this context, the importance of the tensor-force effects for the N
shifts was pointed out [7]. In the following years, however, this problem
received very little attention, a simple spin-dependent § force being adopted
in most calculations [8].

In this situation, we found it interesting to carefully investigate the effects
of the neutron—proton interaction in doubly odd deformed nuclei focusing
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attention on the role of the tensor force. To this end, we have studied
[4, 9, 10] several doubly odd isotopes in the rare-earth region within the
framework of the particle-rotor model. Here, we present only some selected
results concerning N-shifted K = 0 bands. As we shall see in Sec. 3, the
experimental data are very well reproduced when using the central plus
tensor force proposed by Boisson et al. [7].

2. Outline of the model and calculations

We assume that the unpaired neutron and proton are strongly coupled
to an axially symmetric core and interact through an effective interaction.
The total Hamiltonian is then written as

H = Ho + Hrpc + Hppe + Vip - (1)

The term Hj includes the rotational energy of the whole system, the de-
formed, axially symmetric field for the neutron and proton, and the intrinsic
contribution from the rotational degrees of freedom. It reads

B2 B2 o 9

= 57 (I = 1) Ha+ Hy 4 521G = 32 + G — %)) (@)
The two terms Hrpc and Hppe in Eq. (1) stand for the Coriolis coupling and
the coupling of particle degrees of freedom through the rotational motion,
respectively. Their explicit expressions are

H

K2 _ _
HRPCZ—ﬁ(IJrJ +I°J%), (3)
A .
Hppe = ﬁ(]:jp_ +JEJ;_)- (4)

The effective neutron—proton interaction has the general form
Vnp = V('r) [UO —|—ulo'p -Un+UQPM+U3PMO'p 'Un+VT512+VTMPM512] ) (5)

with standard notation [7]. In our calculations we have used a finite-range
force with a radial dependence V(r) of the Gaussian form as well as a zero-
range force,

V,fp = 0(r)[vo + vioy - o). (6)

We have used the standard Nilsson potential [11] to generate the single-
particle Hamiltonians H,, and H,. The parameters y and x have been fixed
by using the mass-dependent formulas of Ref. [12]. The deformation param-
eter B2 has been deduced for each doubly odd isotope from the neighboring
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even—even nucleus while the single-particle energies for the odd proton and
the odd neutron and the rotational parameter % have been derived from
the experimental spectra of the two neighboring odd-mass nuclei.

To explore the role of the tensor force, we have performed two different
calculations with the finite-range interaction, with and without the tensor
terms, respectively. In both cases for the parameters of the interaction we
have used the values determined by Boisson et al. [7] in their study of doubly
odd nuclei in the rare-earth region. As regards the § force, we have used
for the strength of the spin-spin term vy the value —0.20 MeV, which leads
to the lowest possible disagreement between theory and experiment. More
details about the choice of the parameters of the potentials as well as their
values can be found in Ref. [4].

3. Results and comparison with experiment

In this section, by way of illustration, we present some selected results
of our study. More precisely, we consider three K = 0 bands corresponding
to different intrinsic configuration identified in '"$Lu, '82Ta and '®Re, re-
spectively. As regards the results concerning the odd—even staggering effect,
they may be found in Refs. [4,9,10].

In Fig. 1 we compare the experimental spectrum of the K™ = 0~ p%[404]—
nZ[514] band in "0Lu [13] with the spectra obtained by using the Gaussian
force, with and without tensor terms, and the d force. We see that the
right level order and an impressive agreement with experiment is obtained
when using the Gaussian force with tensor terms. The experimental N-shift
(70 keV) is very well reproduced (66 keV), and the largest discrepancy in
the excitation energies is only about 30 keV.

The importance of the tensor force is confirmed, as shown in Fig. 2, when
studying the K™ = 0~ pZ[404]nZ[503] band in ¥2Ta. In this case, the values
of the calculated N-shift [10] are 28, 1, and —6 keV, using the Gaussian force
with tensor terms, the Gaussian central force, and the § force, respectively.
These values are to be compared with the experimental value of 26 keV [13].

Finally, the three calculated spectra for the K™ = 0*p2[514]n2[505]
band in ®8Re are compared with the experimental one [13] in Fig. 3. Also
in this case only the Gaussian force with tensor terms is able to give a
satisfactory reproduction of the experimental spectrum. The calculated N-
shift values are 62, -3, and —1 keV in case (a), (b), and (c) respectively, to
be compared with the experimental value of —54 keV.
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Fig. 1. Experimental and calculated spectra of the lowest K™ = 0~ band in '"%Lu.
The theoretical spectra have been obtained by using (a) a central plus tensor force
with a Gaussian radial shape, (b) a Gaussian central force, and (c) a § force.
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Fig. 2. Same as Fig. 1, but for the lowest K™ = 0~ band in '82Ta.
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Fig.3. Same as Fig. 1, but for the lowest K™ = 0% band in '®*Re.
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4. Summary

In this paper, we have presented some selected results of a particle-
rotor model study of doubly odd deformed nuclei in the rare-earth region.
This work has been aimed at obtaining detailed information on the effective
neutron—proton interaction, with particular attention focused on the role of
the tensor force, which has been neglected in most of the existing studies to
date. The results of our calculations evidence the importance of this force
for the description of some relevant aspects of the structure of doubly odd
deformed nuclei.
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