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ABSTRACT

18
The energy levels of F are calculated when one adds a tensor force to
a central interaction with and without exchange. No significant improvement of

the levels is obtained which suggests that a purely central interaction, plus spin

orbit coupling, could account for the properties of nuclei in the 2s=1d shell,

INTRODUCTION

In a recent series of papers, Moshinsky and his collaborators! *2 have de-
veloped powerful group-theoretical methods for dealing with problems of nuclear
structure in the 2s~1d shell. In these methods, tensor forces have not been taken
into account and before extending the group theoretical techniques to cover this

type of forces it is convenient to investigate the importance of the tensor inter -
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actions in the 2s~1d shell. With this purpose we discuss in this paper the effect

1
of a tensor force on the energy levels and states of F a, i.e. the problem of two
particles in the 2s=1d shell with isospin T = 0.

We consider the Hamiltonian:

2
p' ‘,ﬂ,!C.l_J2 2 ®
‘Z—f!;:_ +_2_ :er +Vc(a)+VT(/B)+ £ ’z Les +7 ,Z [
(1)
where the second term in the sum is the common harmoenic oscilator potential as~
sumed in the shell model, and V. (a) is the residual central internucieon potential.

For mathematical simplicity it was assumed of Gaussian shape with range a , which

from low-energy scattering data is known to have a value between 1.5fm. and

2.0fm. We can write V. (a) in the form:

. \2
Vc(a) = V. exp [- (.;..) ]
(2)
where r = /'”w r and a = ).E.‘i_a. are dimensionless quantities, and w is
2h 12 2b

evaluated using Moszkowski's> relation,

. -4!’

so that for A = 18 we have a = 2.29a fm. The potential well depth V. is known
to be in the range =20MeV to =35MeV. In the following analysis we shall con-

sider both an ordinary and a Serber exchange central force.
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The tensor force term VT(,B) was chosen to have the form

(3)

with the potential well taken as Gaussian inshape,where the range B is 5= 2.29

b fm. The operator S, is

g = 305 T e,)(s, t e, )=(s *s), o™ "2 %2

The fifth term in the Hamiltonian (1) is the spin-orbit coupling, and for

the 2s~1d shell £ is known from 07 experimental data to be =2.0MeV. The last
term in (1) represents the departure from the harmonic oscillator potential (fig. 1)

and its particular value for the 2s=1d shell, taken from the 0'7 spectrum, is

n= -] 89MeVl

Exchange forces are introduced only for the residual central force term.

The Serber mixture makes the expectation value ot V.(a) vanish between states
of zero spin, in the L-S scheme.
2. The states of two nucleons in the 2s=1d shell could be written either

in the L=S or j«j coupled forms respectively

1 1
(4a)

T 1.
1”111 73 ’1'”212 7 he J 2
(4b)

related by 9= ; coefficients.



We shall use the basis (4a) and determine the matrix elements of the central
and tensor forces with respect to this basis with the help of the Brashinskets®*,
i. @, the transformotion brackets that take us into states given in terms of the
center of mass and relative coordinates. The matrix elements are then functions

of the Talmi integrals® I_ which for the Gaussian potential take the value®

b

P+

! e a’
P=C(]+g.2)

3. On introducing tensor forces, we expect the following effects on the
energy levels:

First, a central- like part due to the (n!] V. | n7Yy . motrix elements, replaceable by
a pure central interaction which by the Wigner- Eckart theorem con join only stofes
with like /. Second, an effect peculiar to tensor force, which appears in the
hon-zero (n!| V.. |#nl') elements, where the rank two tensor character of the § ,
operator in the relative-coordinate space gives the selectionrule /'= /2,

This effect is expected to shift the levels in a way not achievable by central
forces alone.

It is well known that tensor forces are necessary to explain the non-vanishing
quodrupole moment in the deuteron. It has been also demonstrated by a procedure
similar to the present one that tensor forces were required to put a previously in-
verted pair of levels in correct order, in the nuclear energy spectrum of Bismuth 2107,

Work has also been done regarding heavy nuclei with two nucleons beyond a closed

shell®.
Standard techniques ® have been employed to determine the effect of central

residual forcer in F'%: the results, however, show (Fig. 2) that the pair of levels
with J = 1and J = 2 is inverted compared to experiment and that the spacing of
the levels is not predicted very accurotely. This was clso observed by de Llano

et al,,whose results are shown in Fig. 2. In Figs. 2b, 2c a was given the reason-

able valve a = 1.6fm, and V_ was adjusted to give the best fit to the levels, which
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happened when VC = 35MeV.

Taking these data for the central potential wa shall now explore the effect
of a tensor force, First we want to see the effect of the range of the force. We
can achieve this by taking a definite value of X and diagonalizing the matrices
for different values of 8. In Fig. 3 we show the energy levels for X, = 5 as
function of B for 0 <5 <2.3fm. In the lower part of the graph we indicate the
mean deviation as function of 8. We see that the fit of the results to experiment
is rather insensitive to the change in the range of the tensor forces.

We now want to see the effect of tensor force strength, which we can
achieve if we fix the range and diagonalize the matrices for different valves of X, .
In Fig. 4 we show the energy levels for 8 = .92fm. i.e. for b = 0.4, and for values
of XT in the range 0 < XT <2. In the lower part of the graph we indicate the

mean deviation as a function XT . We see that the fit of the results to the experi-

ment is rather insensitive to XT .

We conclude that no appreciable improvement of the fit to the experimental
energy levels of F'° is achieved by the infroduction of tensor forces'®. Although
caution should be used if we want to extend these results to other 2s = 1d nuclei,
simplicity of calculation makes it worthwhile to ignore tensor forces.,

We are indebted to Prof. Moshinsky for proposing the problem and for
helpful suggestions as well as to P. Mello and J. Flores for many discussions.

Most of the numerical work was done with the Gamma 30 computer at the
Centro de Calculo Electronico of the Universidad Nacional Autdnoma de México,

we are also indebted to its director, Ing. Sergio Beltran for giving us access to

this installation,
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Fig. 1. Energy levels upto the 2s 1d shell, according to shell-theory labeling.
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2a) -Experiment , 2b) - Whitout exchange , 2¢)-Whith exchange , 2d - De Llano et al.

Fig. 2. Comparison with experiment of the various results using purely central

residual internucleon force.
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Fig. 3. Behavior of the energy levels with tensor force range:

B= 2.29b. The J= 1 level coincides, as lowest level, with the abscissa

axis.,
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Fig. 4. Behavior of the energy levels with tensor force well depth, For a = 1.6fm,
V. was found to be - 35MeV, and thus V. == 187 XT MeV.
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