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®The experimental value of Py(Eg") at the highest en- in coincidence with electrons was too small to be esti-
ergy of Eg’ is considerably lower than the calculated mated accurately,
curve, It is believed that this deviation was caused by °E, L. Feinberg, Yad. Fiz. 1, 612 (1965) Sov. J,
the experimental difficulties inherent in our measure- Nucl. Phys. 1, 438 (1965)].
ments in this energy region; the observed x-ray peak VR, M, Weiner, Phys, Rev. 144, 127 (1966).
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Single-particle energy calculations have been made for nuclei from boron through be-
yond lead, using a form of momentum-dependent nucleon-nucleus potential. The results
are in good agreement with the observed data for energies of single-particle levels.

The motivation for introducing momentum-de- sible to define their energies as the centers of
pendent potentials originally stems from the de- gravity of the fragments, weighted by the spec-
sirability of representing the short-range repul- troscopic factors.
sive core by a nonsingular potential.! From The main purpose of these studies is to provide
studies based on meson theory, it has been shown single-particle energy levels in a momentum-de-
that the nucleon-nucleon interaction depends sig- pendent potential for nuclear states covering
nificantly on the relative momentum of the parti- nearly the entire range of nuclei, all the way
cles involved. Many studies employing momen- from light to heavy nuclei, although schemes pro-
tum-dependent potentials have appeared in the ducing nuclear systematics are frequently re-
literature.?s stricted to light, medium, or heavy nuclei.

Many investigations over the past few years Under the influence of a nonlocal potential, the
with nucleon-transfer and knockout reactions energy of a particle at a point ¥ depends not only
have yielded information on the energies of sin- on the wave function at ¥ but also on the wave
gle-particle states. Generally they are fragment-  function at other points ¥’ near ¥. Thus the gen-
ed by the residual interactions, but it is still pos—l eralized Schrddinger equation can be written as®

- (B2/2m)V2U(F) + [ V(F, F)U(F") &' =E¥(T), (1)

where m is the reduced mass of the system. The nonlocal potential V(¥,T) is separated in the vari-
ables (¥’ +7’) and (¥ - ¥'), and is given by’

V(F, 7)) =VGEE+7))6,(F =)+ V, GEF +7)) 8(F - ), (2)
where 6,(F —T’) is a sharply peaked even function of its argument, with range b. The nonlocal poten-

tial is transformed into a momentum-dependent form in the effective-mass approximation so that the
integral in (1) is given by

JVE, FVUE dr = VEU(E) +4 0 VE V@) +4[VVE |- [vED) ]+ 1@ vEVE) + 7, (D} EE). (3)

In the central portion of the nucleus, where V(%) ’

is presumably constant, the effect is simply the potential of this form can be understood as re-

introduction of effective mass. However, in the flecting the correlations existing in nuclear mat-
surface region, where V(F) varies, the effect is ter, whereby the presence of a particle at posi-
more complicated; but, for practical purposes, tion T influences the probability of finding another
simple potentials can be adjusted to give reason- nucleon at a point ¥/ in the neighborhood of 7.
able single-particle functions. V,(7) is the re- This in turn affects the energy of the particle at
sidual potential which may contain several terms v and leads to a potential energy of the form of
characterizing various effects, and b is the range the integral in Eq. (1). In these calculations the
parameter for the momentum-dependent part. A local static potential and the residual potential
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FIG. 1. Single-particle energies for neutrons.

are taken to be spherically symmetric so that
they can be written as

V(r) = Vy/(1 +er" 19 (4)
V,(r)=as_o.2(f-§)% %TK_‘_asyml_\l_A:_Z_ V(7), (5)

respectively. The parameters used are as fol-
lows: V,=70 MeV; R=7,A"Y3, with »,=1.2 fm;
d=0.6485 fm; a;,?=0.6667 fm®; ay;,=0.3143 fm;
and 5%>=0.6667 fm?, the range of nonlocal interac-
tion. Since we are presently concerned with sin-
gle-particle energies for neutrons only, the Cou-
lomb effect has been ignored in Eq. (4).

In order to generate an effective potential from
Eq. (2), the value of E is needed. An initial value
of E is used, either from experiment or by guess,
to generate the effective potential and thus the
eigenvalue, which is characterized as the single-
particle energy for a given state in a given nu-
cleus. The procedure is repeated with the eigen-
value thus calculated. The iteration continues
until the eigenvalue converges within an error of
10% or 0.4 MeV. In this way the method is self-
consistent within the allowed error. Since the
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The subscript to! values refers to 2j values.

errors in observed separation energies are not
less than 1 MeV, an accuracy of a few tenths of
an MeV is as stringent as necessary for calcu-
lated eigenvalues.

Since for the very light nuclei the mode of cou-
pling and internal dynamics are important, they
should be dealt with individually. However, we
started our calculations with boron and carried
them through beyond lead. The systematic vari-
ations of the single-particle energies of neutrons
are illustrated in Fig. 1. Each value of A in this
figure corresponds to a definite value of Z(N),
generally that for the most abundant isotopes.
The nuclear systematics of various isotopes, iso-
tones, isobars, or exotones (nuclei with constant
neutron excess) cannot be illustrated on such a
graph. The most apparent observation is the dis-
tinctiveness of the single-particle states and the
increase in binding energies as A increases, and
tends to level off for deeply bound states in heavy
nuclei, thus exhibiting the saturation property of
nuclear forces. The momentum-dependent poten-
tial with a Woods-Saxon—type form factor used
for these calculations gives a rather good des-
cription of the overall patterns observed in the
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TABLE 1. Single-particle energies (in MeV); oc-
cupied and unoccupied levels are separated by a hori-
zontal line. The experimental values are taken from
Ref. 8.

160 4OCa 208Pb
Calec Expt Calc Expt Calc  Expt
1s 46.75 47.00 57.93 69.04
1pg,  19.52  22.00  34.78 53.16
1py, 12.54 15.70 30.7 52.43
1d;/, 3.68 4.20 19.57 21.30 43.54
2s 3.30 16.78 18.20 36.52
1ds/, +1.10  12.02 15.80  41.88
s 6.21  8.30 34.34
2p3/s 5.18 6.20 26.35
1fs/ 31.34
2512 2.84 420  25.62
1g9/2 25.35
g1 20.76
2d5/2 18.24
2dy/s 16.47
].hu/z 16.44
331/2 16.15
2f1/2 10.59 9.50
h/s 9.75  10.70
3b3/s 9.77  8.20
2fs/o 7.87  17.80
3b1/s 8.92  7.30
lig/, 7.57  8.90
28'9/2 3.75 3.94
3d5/2 3.51 2.36
4syp 3.68 191
3dsy/ 2.03 1.40
28'7/2 +0.56 1.50

bound-state spectra (see Table I). The momen-
tum-dependent potential as derived from the non-
local potential can be considered as a kind of phe-
nomenological G matrix which already includes
the effect of nucleon correlations, The introduc-~
tion of the moment-dependent term provides a
simple phenomenological representation of many-
body effects, and describes the way in which the
independent-particle motion of a nucleon within

a nucleus is influenced by the presence of other
nucleons in its neighborhood.
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Experimentally measured fusion excitation functions for the reactions induced on 27Al
with %0 and on ""Ag with *’Ne are interpreted in terms of an equilibrium model with fis—
sion competition during de-excitation of the compound nucleus. The results of the calcu-
lation are in excellent agreement with experimental results, thereby predicting limits to
angular momenta for nuclei surviving de-excitation of the compound nucleus,

Data have been published recently for the “fu-
sion cross sections” in heavy-ion—-induced com-
pound-nucleus reactions.”® “Fusion” or “com-
plete fusion” cross sections have been defined ex-

perimentally as those which involve products that
have masses consistent with the formation of a
compound nucleus, followed by de-excitation via
the emission of some number of nucleons or light
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