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A set of new global phenomenological optical model potential parameters for the actinide region with incident
nucleon energies from 1 keV up to 300 MeV is obtained. They are based on a smooth, unique functional form for
the energy dependence of the potential depths and on physically constrained geometry parameters. The available
experimental data including the neutron total cross sections, nonelastic cross sections, elastic scattering cross
sections, elastic scattering angular distributions, and proton reaction cross sections and elastic scattering angular
distributions of 2*>Th and 23U are used. The new nucleon global optical model potential parameters obtained
are analyzed and used to analyze the experimental data of nucleon-actinide reactions. It is found that the present
form of the global optical model potential could reproduce both the neutron and the proton experimental data.
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I. INTRODUCTION

The optical model has a significant impact on many
branches of nuclear reaction physics. The central assumption
of this model is that the complicated interaction between
an incident particle and a nucleus can be represented by a
complex mean-field potential, which divides the reaction flux
into one part covering shape elastic scattering and another
describing all competing nonelastic channels. Solving the
Schrodinger equation with this complex potential can give
the elastic scattering angular distribution and total reaction
cross sections of nucleon-induced reactions. An important
feature of a good optical model potential is that it can be
used to reliably calculate reaction cross sections and elastic
scattering angular distribution in some energies and nuclide
regions in which no experimental measurement data exist.
Moreover, the quality of several derived quantities that are
provided by the optical model has an important impact on
the evaluation of the various nonelastic channels. Well-known
examples are the related transmission coefficients that enter
the statistical model of compound nucleus evaporation and
the distorted wave functions that are used for the description
of direct inelastic scattering to discrete states as well as in
evaluations of multistep direct transitions to the continuum
states. The reaction cross sections calculated with the optical
model are important for the evaporation part of intranuclear
cascade models and also for semiclassical pre-equilibrium
models. All these nuclear models for the nonelastic channels
rely on various other ingredients, such as discrete level
schemes, level densities, y-ray strength functions, and fis-
sion barriers, etc. The uncertainties in those quantities are
added to the total uncertainty term of the calculated results.
Therefore, it is crucial that the optical model potentials for
such kinds of nuclear model calculations must be adequately
determined.
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In addition, knowledge of accurate cross sections of a
number of reactions (e.g., total, nonelastic, fission) between
neutrons and actinides is crucially important for designing var-
ious reactor systems. In the accelerator-driven system (ADS)
of radioactive waste transmutation and energy generation,
the nuclear reaction data are needed for both neutrons and
protons as projectiles up to several hundred MeV. The optical
model is one of the fundamental theoretical tools that provide
the basis of nuclear reaction data analysis and various cross
sections.

Koning and Delaroche [1] gave phenomenological local
and global optical model potentials for neutrons and protons
with incident energies from 1 keV up to 200 MeV for
(near-)spherical nuclides in the mass range 24 < A < 209,
in which the appropriate experimental data were available.
These potentials are based on a smooth, unique functional
form for the energy dependence of the potential depths and on
physically constrained geometry parameters.

The purpose of this article is to derive a set of nucleon
phenomenological global optical model potential parameters
for the actinide in the charge number range 89 < Z < 100
and the mass range 220 < A < 260, based on the appropriate
experimental data including the neutron total cross sections,
nonelastic cross sections, elastic scattering cross sections,
elastic scattering angular distributions, and proton reaction
cross sections and elastic scattering angular distributions of
232Th and 2*%U at incident nucleon energies up to 300 MeV.
The new nucleon global optical model potential parameters
obtained are analyzed and used to calculate cross sections
and elastic scattering angular distribution of nucleon-actinide
reactions. The calculated results by using the global optical
model potential are compared with the neutron and proton ex-
perimental data. The inelastic scattering angular distributions
of neutron- and proton-induced reactions are also calculated
and analyzed by global optical model potentials.

The article is structured as follows. Section II provides a
description of the optical model formalism and the forms of
the energy and radial dependencies of the real, imaginary,
and spin-orbit potentials. Section III describes the calculated
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FIG. 1. Calculated total cross section (solid line) compared
with experimental data [6-32] for n + 232Th, 233235238y, 23"Np,
239.240.222py  and 2*! Am reactions. The results are offset by factors

of x2, x3, x4, ..., x9.

method and gives the set of nucleon phenomenological global
optical model potential parameters. Section IV is the compar-
ison and analysis of the calculated results and experimental
data. Finally, Sec. V contains our conclusions.
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FIG. 2. Calculated nonelastic scattering cross sections (solid
line) compared with experimental data for n + 232Th, 23>233U, and
29Pu reactions. The results are offset by factors of +3, +6,
and +9.
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FIG. 3. Calculated elastic scattering cross sections (solid line)
compared with experimental data for n + 23%2%U reactions. The
results are offset by factors of +5.

II. THE OPTICAL MODEL POTENTIALS

The optical model potentials considered here are Woods-
Saxon form for the real part, Woods-Saxon form and derivative
Woods-Saxon form for the imaginary parts, respectively
corresponding to the volume and surface absorption, and
the Thomas form for the spin-orbit part. The analytical
expression of the phenomenological optical model potential
form is supposed to be dependent on nuclear radius r, nuclear
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FIG. 4. Calculated elastic scattering angular distributions (solid
line) compared with experimental data [35-37] for n 4 2¥U
reactions. The results are offset by factors of x10, x 102,
x10%, ...
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FIG. 5. Calculated inelastic scattering angular distributions of the
first excited state (solid line) compared with experimental data [36,37]
for n + 23U reactions. The results are offset by factors of x 10, x 102,
x10%, .. ..

diffuseness width a, target mass number A, charge number Z,
neutron number N, and incident energy in laboratory system
E. The optical potential formulas include some adjustable
parameters that are decided by fitting the calculated cross
sections and angular distributions with the experimental data.
The Woods-Saxon form phenomenological optical potential is
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FIG. 6. Calculated inelastic scattering angular distributions of the
second excited state (solid line) compared with experimental data
[36,37] for n + 238U reactions. The results are offset by factors of
x 10, x10?, x10%, . ...
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FIG. 7. Calculated elastic and inelastic scattering angular distri-
butions of first, second, third, and fourth excited states (solid line)
compared with experimental data [35-45] for n + >>Th reactions.
The results are offset by factors of x10, x10%, x10%, .. ..

one of the universally used optical potentials. Its general form
is as follows

V(r, E) = Vgr(r, E)+ i[Ws(r, E) + Wy (r, E)]
+ Ve (r) + Veo(r)G - D), (1)

where Vg(r, E) is the real part potential, Wg(r, E) and
Wy (r, E) are, respectively, the imaginary part potential of
surface absorption and volume absorption, Vs is the real part
of the spin-orbit potential, V¢ (r) is the Coulomb potential,
and § and [ are spin and orbit angular momentum of the
incident particle, respectively. The details of these terms can
be expressed as follows.
The real part of the optical model potential is

_ Vr(E)
1 + exp[(r — Rg)/ag]’

The imaginary part of the surface absorption of the optical
model potential is

Vr(r, E) = )

expl(r — Rs)/as)]
{1 +expl(r — Rg)/as]}*

The imaginary part of the volume absorption of the optical
model potential is

3)

Ws(r, E) = —4WS(E)

_ Wy (E)
1+ exp[(r — Rv)/ay]

Wy(r, E) = “4)
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FIG. 8. Calculated elastic and inelastic scattering angular dis-
tributions of first, second, third, and fourth excited states (solid
line) compared with experimental data [36,39,46—49] for n 42U
reactions. The results are offset by factors of x 10, x 10, x 10%,....

The spin-orbit potential is
Vi —R
Veo(r) = —32 230 exp[(r — Rso)/asol N
asor {1 + exp[(r — Rso)/asol}
The Coulomb potential that is taken from the electric field

of a spherical homogeneous charge density nucleus with radius
Rc is given by

®)

% ( — %) r < Rc.
Ve(r) = (6)

ZZE2 > R
i r =2 Kc.

Here z is the charge number of the projectile. This term is zero
for neutron as projectile (z = 0.0), and has a contribution for
proton as projectile (z = 1.0).

The energy dependence of the potential depth is given by

N-—-Z
Vr(E) = V0+V1E+V2E2+V3¥, (N

A
Wy (E) = max{0, Uy + U, E + U, E?}. 9)

Ws(E) = max {0, Wo + WiE + qu} . (®

The radii are given by

R, =rAs, i=R,S,V,S0,C. (10)
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FIG. 9. Calculated elastic and inelastic scattering angular dis-
tributions of first, second, third, and fourth excited states (solid
line) compared with experimental data [38,39,42,43,45,48,50-55] for
n + 28U reactions. The results are offset by factors of x10, x 102,
x10%,....

Where rg, rs, ry, rso, and rc are the radius of the
real part, the surface absorption, the volume absorp-
tion, the spin-orbit couple, and the Coulomb potential,
respectively.

The ag, as, ay, and aso mentioned in Egs. (2)-(5) are
the width of the real part, the surface absorption, the volume
absorption, and the spin-orbit couple potential, respectively.
Az is the Compton wavelength of pion, A2 = 2.0 fm?.

The units of the potential Vg, Wg, Wy, and Vgo are in MeV;
the lengths rg, rs, ry, rso, and ry and ag, as, ay, and asp are
in fm; and the energy E is in MeV.

The 20 parameters Vy, Vy, Vo, V3, Wy, Wi, Wa, Uy, Uy, U,
Vso, g, s, v, I'so, I'c, AR, ds, ay, and asp can be adjusted.
The parameters V3, W», Vso, rso, rc, and aso are fixed and are
taken from the work by Becchetti and Greenlees [2]. The 14
parameters are adjusted in the present work.

The Hauser-Feshbach theory with the width fluctuation
correction is used to calculate the compound nucleus elastic
scattering cross sections and angular distributions and the
inelastic scattering cross sections and angular distributions at
low incident nucleon energies.

The inelastic scattering cross sections and inelastic scatter-
ing angular distributions to low-lying states are important in
nuclear theoretical calculations. The code DWUCK [3] with a
distorted-wave Born approximation is used to calculate direct
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FIG. 10. Calculated elastic and inelastic scattering angular dis-
tributions of first, second, third, and fourth excited states (solid
line) compared with experimental data [36,45,48,49,56,57] for
n + 23°Pu reactions. The results are offset by factors of x 10, x 102,
x10%, .. ..

inelastic scattering cross sections and direct inelastic scattering
angular distributions for excited states.

III. THE GLOBAL OPTICAL MODEL POTENTIAL
PARAMETERS

The adjustment of the optical potential parameters is per-
formed automatically with a computer program to minimize
a quantity called x>, which represents the deviation of the
calculated results from experimental values, that is,

Ni,lo( . . 2
2 1 Gi?;ol(]) - O'i,Elot(.])
Xi,lot = N A E . s (1 1)
htot 5y ai,tol(])
Ni.ue . . 2
5 1 o) = 05 ()
Xi,ne = N A E /. P (12)
i.ne Gi,ne(])
i el Ki jel 2
. & 1 ol a@iw) = of a0
bl TON = Kijea = AU,%,e](ei,j,k)

13)

Where N;tot, Nine, and N;e are the numbers of energy
points for the experimental data of the total cross sections,
nonelastic scattering cross sections, and elastic scattering
angular distributions for the ith nucleus, respectively. K; ;
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FIG. 11. Calculated elastic and inelastic scattering angular dis-
tributions of first, second, third, and fourth excited states (solid line)
compared with experimental data [58] for n + 232Th reactions. The
results are offset by factors of x 10, x10%, x103, . ...

is the number of angles of the experimental data of elastic
scattering angular distributions for the ith nucleus at jth energy
point. The superscripts 7" and E represent the theoretical and
experimental values, respectively; 0; o¢(j) and 0; ne(j) are total
and nonelastic cross sections for the ith nucleus at jth energy
point; and there is no total cross section for proton projectile.
0i,j.1(0;,j ) 1s the elastic scattering angular distribution for the
ith nucleus at jth energy point and kth outgoing angle; Ao
is the experimental data error of the corresponding data. The
x 2 values given by Egs. (11)—(13) are regarded as functions of
the N adjustable optical potential parameters.

The program APMN [4] for automatically searching op-
timal optical potential parameters in the energy region E <
300 MeV by means of the improved fastest falling method [5]
is further improved upon and used in the present work.

The experimental data of total, nonelastic, and elastic
cross sections and elastic scattering angular distributions are
collected and analyzed. The nucleus charge number range of
89 < Z < 100, mass range of 220 < A < 260, and incident
nucleon energy up to 300 MeV are included. We started
with 232Th and 23U because they are the only actinides for
which the experimental data of total, nonelastic, and elastic
cross sections and elastic scattering angular distributions for
neutron projectile and the reaction cross sections and elastic
scattering angular distributions for proton projectile can be
found. We performed the analysis again in order to extract a
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TABLE I. The global neutron and proton optical model potential
parameters.

Vo 49.73099136 Vso 6.2
Vi —0.23824683 ar 0.57523543
v, 0.00019246 as 0.77411819
Vs —24.0 ay 0.30000000
Wo 9.54198456 aso 0.75

W, —0.02713984 IR 1.26837850
Wa ~12.0 rs 1.14190519
Uy —0.30205852 ry 1.35801959
U, 0.08792425 rso 1.10

U, —0.00012181 re 1.25

set of global parameters based on as much experimental data
of 222Th and ?*U as possible. The optical model potential
parameters obtained are given in Table I.

The real part potential and Coulomb potential of the
optical model are used to describe elastic scattering angular
distributions. The imaginary part potential of the optical model
describes the total reaction cross sections. From Egs. (2)-(10)
and Table I we can see that the contribution of the real
part potential [Eqgs. (2) and (7)] decreases with increasing
incident nucleon energy. The contribution of the imaginary part
potential of the surface absorption [Egs. (3) and (8)] decreases
and the imaginary part potential of the volume absorption
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FIG. 12. Calculated elastic and inelastic scattering angular dis-
tributions of first, second, third, and fourth excited states (solid line)
compared with experimental data [58] for n + 233U reactions. The
results are offset by factors of x10, x10%, x10%, .. ..
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FIG. 13. Calculated elastic scattering angular distributions com-
pared with experimental data [59] for n 4+ 23U reactions at incident
neutron energy 96.0 MeV.

[Egs. (4) and (9)] increases with increasing incident nucleon
energy. The contribution of the spin-orbit potential [Eq. (5)]
of the optical model is small.

IV. THEORETICAL CALCULATIONS AND ANALYSIS

The experimental data of neutron total cross sections for
n 4+ 2380 and n 4 22Th reactions were given in different
laboratories, and experimental data of natural U and >*3U are
basically in agreement with each other for energies below
300 MeV. The new total cross section experimental data [6]
for n 4+ 23U and n + 2*>Th reactions taken at the Weapons
Neutron Research white neutron source facility and extended
from 5 to 600 MeV are given by Abfalterer et al. [6] in
2001. The experimental data of neutron nonelastic scattering
cross sections given for natural U, 2>23U, and *°Pu are
below incident neutron energy 20 MeV, and there are no
public experimental data for other actinides. There are some
experimental data of neutron elastic scattering cross sections
and elastic scattering angular distributions for 2332332387,
232Th, and 2°Pu below incident neutron energy 20.0 MeV,
but inelastic scattering cross sections and inelastic scattering
angular distributions for some excited states are included in
some experimental data. There are some experimental data of
neutron elastic scattering angular distributions for natural U

4
3 £ — —i—%
-y 232
= p+"Th
e 2t semin o o
=}
b=
1t
0

0 50 100 150 200 250 300
E, (MeV)

FIG. 14. Calculated reaction cross sections compared with exper-
imental data [33,34] for p + 2*>Th and >*U reactions. The results are
offset by factors of +1 for p 4 U reactions.
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FIG. 15. Calculated elastic scattering angular distributions (solid
line) compared with experimental data [61-63] for p + 2*2Th reac-
tions. The results are offset by factors of x 10, x 102, and x 10°.

below incident neutron energy 120.0 MeV. The experimental
data of proton reaction cross sections for natural U, >*U, and
232Th are below incident energy 350 MeV. Some experimental
data of proton elastic scattering angular distributions and
inelastic scattering angular distributions of some excited states
for p +233238 U and ?**Th reactions are below incident proton
energy 95.0 MeV.

The total cross sections for n + 22Th, n + 2332352387,
1+ BTNp, n 4 23924022py 4 M2BAm 4 29Cm, p
249Bk, and n 4 249-250.251.232Cf reactions are calculated using
the global optical model potential parameters from Table I.
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FIG. 16. Calculated elastic scattering angular distributions (solid
line) compared with experimental data [61,62,64—66] for p + 23U
reactions. The results are offset by factors of x10, x 102, x10°,
and x 10%.
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The comparisons of calculated results with experimental data
[6-32] for some nuclei are given in Fig. 1. Figure 1 also shows
the calculated results of total cross sections for n + 2**Th
and n + 2332352387 reactions in incident neutron energy up
to 300.0 MeV and for other nuclei up to 200.0 MeV. These
results show that the theoretical values are in good agreement
with the experimental data, and the theoretical values of some
nuclei are larger than the experimental data for incident neutron
energies from 0.1 to 1.0 MeV. The calculated results of total
cross section for n + 23>Th and n + 23%U reactions are in good
agreement with experimental data [6] taken at the weapons
Neutron Research white neutron source facility. Since there
are no experimental data of total cross sections above neutron
energy 1.0 MeV, total cross sections for other nuclei are
calculated and analyzed by the global optical model potential
parameters obtained.

The calculated results of nonelastic scattering cross sections
for n + 232Th, n + 2>28U, and n + 2°Pu reactions are in
good agreement with experimental data taken from EXFOR
below neutron energy 20 MeV as showed in Fig. 2. Figure 2
also indicates that the calculated results of nonelastic scattering
cross sections for n + 28U reactions above neutron energy
20 MeV are in reasonable agreement with experimental data
[33,34] of proton reaction cross sections.

The calculated results of elastic scattering cross sections
for n + 23230 reactions are in good agreement with ex-
perimental data taken from EXFOR below neutron energy
20 MeV as shown in Fig. 3. The calculated results of
elastic scattering cross sections for n + 23>Th, 237U, and **°Pu
reactions pass through some existing experimental data below
incident neutron energy 14.0 MeV. There are no experimental
data for other nuclei up to now from the published literature.

The comparisons of calculated results of elastic scattering
angular distribution with experimental data for >**U are given
in Fig. 4. The calculated results are in good agreement with
experimental data [35-37]. The calculated results of elastic
scattering angular distribution for n 4+ 232Th, 23323U, Z"Np,
and ?*’Pu reactions are also in good agreement with the
experimental data.

Since the actinides are deformed nuclei and the energy of
ground state rotational bands is small, it is almost impossible
to separate neutron inelastic scattering data from elastic scat-
tering data experimentally for the actinide nuclei at incident
energies above several MeV. The experimental data of neutron
angular distribution including neutron elastic scattering and
inelastic scattering of the first, second, third, and fourth excited
states of different nuclei were given in different laboratories,
respectively. Because the contributions of neutron inelastic
scattering angular distribution are important in total neutron
angular distribution, the calculated results of total neutron
angular distributions include the contribution of inelastic
scattering angular distributions of the first to fourth excited
states of the target nucleus.

The inelastic scattering angular distributions for the first,
second, third and fourth excited states of 232Th, 233:235.238J,
and 2*2%2Pu are calculated. The calculated results are in
good agreement with experimental data. The comparisons of
calculated results of inelastic scattering angular distribution of
first and second excited states with experimental data [36,37]
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FIG. 17. Calculated elastic scattering angular distributions (solid line) compared with experimental data [66,67] for p + 23U reactions.

The results are offset by factors of x 10 and x 10

for 238U are only given in Figs. 5 and 6, respectively. The
inelastic scattering angular distributions for the first and second
excited states of 23>Th, 23U, and ?*’Pu are also in good agree-
ment with experimental data [36] at incident neutron energy
3.4 MeV.

The comparisons of the calculated results including elastic
scattering angular distribution and inelastic scattering angular
distribution of the first, second, third, and fourth excited states
with experimental data [35-58] for n 4 232Th, 23>238U, and
29%Pu reactions are given in Figs. 7-10. The energy and
spin-parity of the first, second, third, and fourth excited states
are 0.0494 2+, 0.1621 4+, 0.3332 6+, and 0.5569 8+ for
232Th; 0.0449 2+, 0.1484 4+, 0.3072 6+, and 0.5183 8+ for

10°
2327n(p,p')2"

E,=20.0 MeV
4]
i'iﬂ

do/dQ (mb/sr)
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0 50

FIG. 18. Calculated inelastic scattering angular distributions of

the first excited state (solid line) compared with experimental data
[61,62,64,68] for p + 232 Threactions. The results are offset by factors
of x10, x 102, and x 103.

238U; and 0.0079 1.5+, 0.0573 2.5+, 0.0757 3.5+, and 0.1638
4.5+ for 2°Pu. The energy and spin-parity of the excited
states are 0.0462 4.5—,0.1030 5.5—, 0.1707 6.5—, and 0.2491
7.5— for 23U. The calculated results are in good agreement
with experimental data. Since the experimental data of elastic
scattering angular distributions at some incident energies are
given in Figs. 7-10, the calculated results indicate that the
contributions of inelastic scattering angular distribution of the
first, second, third, and fourth excited states of 232Th, 23U,
238U, and 2*’Pu are included in those experimental data.

The comparisons of calculated results including elastic
scattering angular distribution and inelastic scattering angular

Z2Th(p,p)4”

0
10 ME 5=20.0 MeV
_ ) L U —

do/dQ (mb/sr)

100 150

0 (deg)

0 50

FIG. 19. Calculated inelastic scattering angular distributions of
the second excited state (solid line) compared with experimental
data [61,62,64,68] for p + 2*>Th reactions. The results are offset by
factors of x 10, x10%, and x 10°.
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FIG. 20. Calculated inelastic scattering angular distributions of
the third excited state (solid line) compared with experimental data
[61,62,64,68] for p + 232Threactions. The results are offset by factors
of x10 and x10%.

distribution of the first, second, third, and fourth excited states
with experimental data taken from Ref. [58] for B2Th and
2381 are given in Figs. 11 and 12, respectively. The calculated
results are in good agreement with experimental data.

The experimental data of neutron elastic scattering angular
distributions for natural U in incident neutron energy from 18
to 120.0 MeV are given in Refs. [59,60]. The calculated results
of elastic scattering angular distributions for n 4 233235238
reactions are in good agreement with experimental data.

10°
238y (p,p1)2°

WOMeV

—
D-l.

do/dQ (mb/sr)
;L

10?
10°F
-4 i
10, 50 100 150
0 (deg)

FIG. 21. Calculated inelastic scattering angular distributions of
the first excited state (solid line) compared with experimental data
[61,62,64,68] for p + 233U reactions. The results are offset by factors
of x10, x10?, and x 10°.
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280(p,pr)a’
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do/dQ (mb/sr)
°

10°
10*
-5 . .
10, 50 100 150
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FIG. 22. Calculated inelastic scattering angular distributions of
the second excited state (solid line) compared with experimental
data [61,62,64,68] for p + 2%U reaction. The results are offset by
factors of x 10, x 10%, and x10°.

Figure 13 only gives the comparisons of calculated results
with experimental data [59] for 238U at incident neutron energy
96.0 MeV.

The comparisons of calculated results of proton reaction
cross sections with experimental data taken from Refs. [33,34]
for p 4+ 2%Th and 2*®U reactions are given in Fig. 14. The
calculated results are in good agreement with experimental
data. Since the experimental data taken from Refs. [33,34] are
from p + U reactions, the calculated results of reaction cross

23“um,p'}s"
26 0 MeV

-
cn

do/dQ (mb/sr)
=

—
<
B

-6 - ; <
10 0 50 100 150
6 (deg)

FIG. 23. Calculated inelastic scattering angular distributions of
the third excited state (solid line) compared with experimental data
[61,62,64,68] for p + 233U reactions. The results are offset by factors

of x10 and x10%.
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FIG. 24. Calculated inelastic scattering angular distributions of the fourth excited state (solid line) compared with experimental data [61,68]
for p + 238Th and 238U reactions. The results are offset by factors of x 10.

sections for p + 233233237( reactions are also in reasonable
agreement with experimental data. There is no experimental
data for other nuclei up to now from the published literature.

Figures 15-17 give the comparisons of calculated results
of elastic scattering angular distributions with experimental
data [61-67] for p 4 >*?Th and 23>238U reactions in incident
proton energies from 13.0 to 95.0 MeV; the calculated results
fit experimental data very well for all energy points.

Figures 18-24 give the comparisons of calculated results
of inelastic scattering angular distributions with experimental
data[61,62,64,68] for p + 232Th and 238U reactions in incident
proton energies from 20.0 to 65.0 MeV. The calculated results
of p + ?*’Th reactions fit experimental data well for all excited
states and incident proton energy points. The calculated results
of the first and second excited states of p + 23U reactions
fit experimental data well for all incident proton energies.
Figures 23 and 24 show that the calculated results of the third
and fourth excited state of p + 238U reactions are basically in
agreement with experimental data.

We can see that a set of global neutron and proton optical
model potential parameters obtained from this work gives a
good description of measured elastic and inelastic scattering
angular distributions for neutron- and proton-induced reac-
tions. The results for other nuclei are calculated by the global
optical model potential, since the optical model potential
depths is dependent on the mass number A and the neutron
number N of the target.

V. CONCLUSIONS

In this work we have presented a set of neutron and proton
global optical model potential parameters for actinide (the

charge number range is 89 < Z < 100 and the mass range
is 220 < A < 260) and the nucleon energy up to 300 MeV
by using the experimental data of neutron total reaction cross
sections, nonelastic cross sections, elastic cross sections, and
angular distributions and proton total reaction cross sections
and elastic scattering angular distributions of >*>Th and >33U.
The optical model potentials are based on a smooth, unique
functional form for the energy dependence of the potential
depths and on physically constrained geometry parameters.
The experimental data and the calculated results by global
optical model potential are compared and analyzed. The
excellent overall agreement obtained between calculations and
experimental data are generally observed. The experimental
data of inelastic scattering angular distributions are also
well described by the global optical model potential. The
potential developed in this article may find direct application
in theoretical nuclear model calculations and experiment
analysis.
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