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The experimental value of Px(za ) at the highest en-
ergy of EB is considerably lower than the calculated
curve. It is believed that this deviation was caused by
the experimental difQculties inherent in our measure-
ments in this energy region; the observed x-ray peak

in coincidence with electrons was too small to be esti-
mated accurately.

E. L. Feinberg, Yad. Fix. 1, 612 (1965) Isov. J.
Nuel. Phys. 1, 488 {1965}].

R. M. Weiner, Phys. Rev. 144, 127 (1966).

Nuclear Level Sequence of Single-Particle Energies in a Momentum-Dependent Potential

M. A. K. I odhi and B. T. Waak
DePartment cf Physics, Texas Tech University, t.ubbcck, Texas 79409

(Received 17 April 1972)

Single-particle energy calculations have been made for nuclei froxn 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-particIe levels.

The motivation for introducing momentum-de-
pendent potentials originally stems from the de-
sirability of representing the short-range repul-
sive core by a nonsingular potential. ' From
studies based on meson theory, it has been shown
that the nucleon-nucleon interaction depends sig-
nificantly on the relative momentum of the parti-
cles involved. Many studies employing momen-
tum-dependent potentials have appeared in the
literatul e.

Many investigations over the past few years
with nucleon-transfer and knockout reactions
have yielded information on the energies of sin-
gle-particle states. Generally they are fragment™
ed by the residual interactions, but it is still pos-

siMe to define their energies as the centers of
gravity of the fragments, weighted by the spec-
troscopic factors.

The main purpose of these studies is to provide
single-particle energy levels in a momentum-de-
pendent potential for nuclear states covering
nearly the entire range of nuclei, all the way
from light to heavy nuclei, although schemes pro-
ducing nuclear systematics are frequently re-
stricted to light, medium, or heavy nuclei.

Under the influence of a nonlocal potential, the
energy of a particle at a point r depends not only
on the wave function at r but also on the wave
function at other points r' near r. Thus the gen-
eralized Schrodinger equation can be written as'

—(5'/2m) v'4(r) + Jv(r, r')4(r') d'r'=E+(r },

where m is the reduced mass of the system. The nonlocal potential V(r, r) is separated in the vari-
ables s(r'+r') and (r —r'), and is given by'

V(r, r~) = V(-,'(r+r~)) 6,(r-r )+ V„(-,'(r+r ))6(r -r ),

where 5~(r —r ) 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 (I) is given by

J V(r, r )e(r ) d'r' = V(r}~(r}++f2(4V(r)V'e(r}+4[VV(r)] [~+(r}]++(r}V2V(~)+V„(r)]e(r}. (3

In the central portion of the nucleus, where V(r)
is presumably constant, the effect is simply the
introduction of effective mass. Howevex, in the
surface region, where V(r) varies, the effect is
more complicated; but, for practical purposes,
simple potentials can be adjusted to give reason-
able single-particle functions. V„(r) is the re-
sidual potential which may contain several terms
characterizing various effects, and b is the range
parameter for the morr~entum-dependent part. A

potential of this form can be understood as re-
flecting the correlations existing in nuclear mat-
ter, whereby the presence of a particle at posi-
tloll r 1nflllellces tile probability of f111dlIlg a11otllel'
nucleon at a point r' in the neighborhood of r.
This in turn affects the energy of the particle at
x and leads to a potential energy of the form of
the integral in Eq. (1). In these calculations the
local static potential and the residual potential
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f6p

Expt

4'Ca

Cale Expt
Pb

Cale Expt

ls 46.75

1p3/2 19.52
1P1/2 12.54
1d5/2 3.68
2s
1d3h
1f&/2

2p 3/2

lf5/
2p|/2
4e/2
Mv/2
2d g/2

2d3/2

1hgg/2

»t/2
2f7/2

&9/2

3p3/2

2'/2

1j3/2
49/2
3d 5/2

4s g/2

3d3/2

7/2

47.00
22.00
15.70
4.20
3.30

+ 1.10

57.93
34.78
30.7
19.57
16.78
12.02
6.21
5.18

21.30
18.20
15.80
8.30
6.20

2.84 4.20

69.04
53.16
52.43
43.54
36.52
41.88
34.34
26.35
31.34
25.62
25.35
20.76
18.24
16.47
16.44
16.15
10.59
9.75
9.77
7.87
8.92
7.57
3.75
3.51
3.68
2.03

+0.56

9.50
10.70
8.20
7.80
7.30
8.90
3.94
2.36
1.91
1.40
1.50

TABLE I. Single-particle energies (in MeV); oc-
cupied and unoccupied levels are separated by a hori-
zontal line. The experimental values are taken from
Bef. 8.

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 YAl

with 0 and on ~ Ag with ONe 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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