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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the.
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
_University of California. : ‘
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ABSTRACT

The single particle part of a realistic shell model Hamiitonian
is considered to contain a nonlocal petentiai similer to tﬁe classic
Van Vleck nuclear potential. Using an ansatz for ﬁhe Haﬁiltonian
suggested by rather general treatments of many-fermion systems it"
was possible to get a consistent fit to 1) nuclear charge density.
distributions including isotope effects, 2) ls proton . level as mea-
sured in (e,e’p) scatterlng, 3) total blndlng energies or nuclear

- mass defects, while 4) reproducing the shell model level sequenoee,.
i.e. spin as51gnments. Extrapolations to nuclel off the stability
valley and fo super heavy nuclei appear fo!bexreasonable. In the
latter case some evidence was found for avéoéble magic nucleus at
'proton/number 114 ahd neutron number 184 with avtotal binding energy
around 2200 MeV. There 1s no 1ndlcat10n of a double magic nucleus

_w1th Z 126, N=184 close to the llne of beta stability. However, some
support was found for a relatively long—llved compound nucleus with

these nucleon numbers by investigating metastable proton states

/
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Nuclear single particle Hamiltonians with local potentials

(e.g. of the Woods—Saxonvor Nilsson'type) satisfactorily reproduce
the experimental spin sequences and eduilibrium deformations but
- cannot account for the deepest bound proton levels observed in
recent (e e p) scatterlng measurements l) These levels are around
80 MeV in the region of Calcium. Also it is well known that cal-
culations w1th such local potentiais‘lead to total nuclear bindinw
energies that are at least one order- of ‘magnitude smaller than the
observed mass defects 2) "A measure of the nonlocality requlzed to
reproduce these data 1s the so-called effectlve mass of a nucleon
subject to the short range forces of a residual nucleus. Tt was
found to be around 0.5 1n many 1nvest1gat10ns 35 2). An effectlve
mass of this magnitude corresponds to a nonlocality range of

0.8%0.2 fm or 1.5¥0.2 fm respectively for Yukawa or Gaussian form

factors in nonlocal potentials of the classic Van Vleck type 4).

As is discussed in detail elsewhere 5),'the'simplest
reasonable equation for nuclear single particle wave functions 99,
: : : V

has the form
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The sﬁm over k includes all occﬁpied levels;.k contains
all quantum numbers to Specifv a bound nucleon except the third
component my of the i-spin. V7 (px 3) is the ubual spin-orbit
operator 6), and the parameters @ and Y measure respectively
the strengths of the spin-orbit and i-spin portions of the
kernel. The factor b corresponds to a radius constant; see (5)
below. A'properly chosen function u will lead to self—consistent
densities fD which fit those measured in pion— and electron-
nqcleus scattering. For simplicity; only sphericd&ysymmetric’P's

are considered in (1).

In the results presented here, ﬁhevoutput values fb agfeed
with the cofresponding input data for central density and slope
(or rms radius) to within a few ﬁercent. Iterative calculations
. designed to obtéin complete self—consisténcy are in progress.
Here the u was taken to be a sum of two Yukawa functlons, hence.

~ one has for a spherlcal nucleus the equations
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unzjmt aré the usual radial wave funbtions]and 1 is the orbital,
j the total angular momentum and n the radial quantum nuamber for
the nucleon in question. f; is the derivétive of the density
with respect to the argument. The integro-differential equation
(3) was solved numerically by a finite-difference method; the
eigenvalues and —vecfbrs were determined by use of the "Wielandt

7).

inverse iteration"

The input density-distributionsvwere taken to be hormalized
Fermi functions. For such distributions simple approximate expres-.
sions (which have accuracies of bettér ﬁhaﬁ 10™4 in all cases
discussed here) are available for‘the half and equivalent radii
in terms of the central dehsity. Fﬁo)and the surface thickness

8),

a
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In (5) and (6) the index mg is omitted. B% is simply the

neutron number N and B;é the proton number Z.

A crude fit was obtained with the input data of table 1.

- For some nuclei on tﬁe line of beta stability one gets the neutron
levels shown in figure 1 and tﬁe‘proton levels of figure 2.

The experimental points in the latter figure refer to recent

l)‘

(e,e'p) scattering measurements The extrapolations..shown  in
these figures suggest closed shells at N=184 and Z=114. Thé same;”
result was obtained in simpler calculations with local potentials
two years agog). The hypothetical super-heavy nucleus with these
nucleon numbers was investigated in more detail by varying with-.
in their reasonable limits the parameters of importance for level
sequences. The computer program in addition allows an approximate

calculation of metastable levels or resonances, and these are

- shown as dashed lines in figures 1-4.

In this fit the calculated total binding energies agree
with nuclear mass defects to within § percent..The charge density

10)

distributions reproduce recent electron scattering data on Ca

and Pb with a X of the same order of magnitude as is obtained
in a fit with local potentialsll); The Johnson-Teller effectlz),
i.e. larger rms radii for neutron than for proton densities, is

exhibited for the heavier nuclei in spite of the decreasing

central density of protons.
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FIGURE CAPTIONS

Neutron single particle levels for spherical nuclei close
to the line of beta stability.

Proton single particle levels for spherical nuclei close

to the line of beta stability. The two experimental points

. , 32
give the ls levels found in (e,e'p) scattering on S and

Ca40.

Neutron level shifts due to variations of the spin orbit
interaction strength ¢ and the surface thickness a for
the hypothetical nucleus with N = 184, A = 2908,

Proton level shifts due to variation of the spin orbit
interaction stfength.v‘and tﬁe,surface thickness a for

the hypothetical nucleus with Z = 114, A = 208,
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