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The S-wave bound statos of neutrons m Woods-Saxon potential have been invosti-
gutod by calculating tho zoros of Sy-matrix on the negative imagmury axis of tho
complex k-plano. Numorical results are presented for the atorme mass 4 = 200.

INTRODUCTION

Tn the choice of a suitable potontial between nucleon and the nucleus, which may
take proper account of the genoral properties of nuclear energy levels,
emphasis has so far been given to the analylical convenicnce. The square-
well and harmonie oscillator potentials are quite appealing in this respect
sinco they are amenable to analytical treatment. However, these poten-
tials have sovere limitations. The harmonic oscillator potential becomes asymp-
totically infinite and yields an infinite set of discrete eigenvalues, on the other
hand, the square-well potential shows an abrupt change of nuclear potential
which is not very realistic. Besidos, neither of these potentials gives the proper
lovel sequence. Investigations by Feenberg (1950), Malenka (1952) and others
suggest that better level ordering can be obtained if the boundary of the nuclear
potential is taken to be diffuse. Malenka has studied the problem of bound
states of a heavy nucleus with a potential which has precisely the analyiic form of
tho square-well in the interior region and exponentially diffused form in external
rogion. Green & Lee (1955) have investigated systematically the energy eigen-
value problem with a similar type of spherical-well potential having an expon-
entrally diffused boundary and solved the Schrodinger equation analytically.
Bul these authors have also taken account of the higher angular momentum
States by suitably approximating the centrifugal term The success of the most
realistic diffuse potential of Woods-Saxon form (1954) in the scattering problem
(Feshbach 1958, Beyster et al 1956) have stimulated a number of authors (Ross
et al 1956, Nemirovskii 1958 and Ghosh & Sil 1960) to apply the same also to
the investigations of the bound states of nuclevns. Though this form avoids
the unrealistio sharp corner of the exponentially diffuse edge potential, it brings
some complications in the exact analytical treatment, so that most of its appli-
cations have so far been done by numerical integration of the wave equation.
Ross et al (1956) have used this potential to study numerically some.of the upper
Stutes of nucleons in nuclei with & spin-orbit interaction, Nemirovskii (1958)
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has also dealt numerically the problem of bound states of a. neutron in Woods.
Saxon potential including the spin-orbit interaction. The analytic solution for
the S-states as given by Lawson (1956) is not of much practical value because
of very slow convergence of the series solution. Ghosh & Sil (1960) have solved
the wave equation with the above potential by applying the method of Lanczos
(1938). They have considered higher angular momentum states with a suitable
approximation for the centrifugal term.

In the present paper we have calculated S-state energy levels for the atomic
mass 4 = 200 with Woods-Saxon potential using the expression for the S, matrix
as given by Bencze (1966). The results of Ghosh & Sil agree fairly well with
those of ours.

TuEoRY AND FORMULATION

The interaction potential between the neutron and the nucleus, which is
taken to be of Woods-Saxon form, is represented as

V)= — Vo/[l +e(r-mlﬂ)]

where R i3 the nuclear radius and o the diffusivity parameter. The analytic
expression for the S -matrix eloment with this potential, following Bencze

(1966), is .
So(k) = e~2*iB, r (2‘;‘2“ ) X
A T'(1-22) T'(14-22)
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s T
k2 = 2;2{ Vo and b= exp(—R/a)

M and E being respectively, the mass and energy of the neutron. Sy(k) may be
written as (Molt & Massey, 1965)

Syk) = folk) fo(—F) @
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where fy(k) = li_r.)no Jolk, ) and fo(+k, r) are linearly independent solutions of
v

the radial wave equation for the scattering of S-wave neutrons

ot [ 2L v Jutr = 0 e 3

and have the asymptotic form
Jo(Lk, 7) ~ exp (L thr)

The S-wave bound states are determined by the zeros of Sy(k) corresponding to
the zeros of fo(k) on the negative imaginary axis of the complex k-plane. The
redundant zeroes of S, (k) on account of the poles of f, (—k) on the negative
imaginary axis need mnot be taken into consideration, since these poles
do not correspond to the true bound states (Mott & Massey 1965). For
numerical computation we note that b ~ 10%b < 1 for the mass numbor con-
sidered, so that the hypergeomectric functions reduced to 1 and (1-+b) — 1.

Writing k = —x where « is positive, we have from (1) and (2) for a bound state
B,
at — 574 K2,
C—C*=0,4e, ImC=0 . (4)
AL(1—
where C= §7I(1—22)

T(I—XFxa) T(—A+xa)

With a simple algebraic manipulation we obtain from equation (4)

_ _ A oosy-+dsiny (5
cot pR = 7, where 7 = AEiny—bo0sy’ . ()

in which p = 2M (V0—|E|)r 6 =pa,p = «a,

and y = Imflog I'(1—2:8)—2 log I'(1-+p—:8)].

For the square-well case a — 0. Then we have y cc 8, and hence

=—F__L

oot pR = 3 7

or pceot pR = —«. .. (6)

Tho expression (6) is identical with the analytic form given by Schiff (1955).
Tho required eigenvalues are found by solving the transcendental equation (6).
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RESULTS AND DIscussioN

To calculate the S-state onergy levels for the atomic mass 4 = 200, wo
choose the values of the paramecters in the potential function as V, = 52 Mev,
R = 1:25 AV3fm and a == 0-52 fm, which are the samc as taken by us in the cal-
culation of the neutron strength function (1967).

Table 1
| Z| in Mev
Levels Results due to
Our rosults Ghosh & Sil

(1960)

T 47.98 48.1
28 36.99 356.5

Js 21 09 20.2

48 3.69 4.8

1n figure 1 we have ploited cot p R and # occuring in equation (5) as functions
of 8. The points of intersection of these two curves give the required enerpy
cigenvalues which arve shown in table 1. For comparison we have also given the
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corrosponding eigenvalues as calculated from the energy level diagram given
by Ghosh & Sil (1960). The values of the parameters used by these authors ar®
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Vo, = 52 Mev, R = (1-15 4Y34+0-4) X 10-13 cm.
and
a = 0-57 %1013 em.

The author is grateful to Professor D. Basu and Dr. N. C. Sil for many
helpful disoussions throughout the progress of the work.
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