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Deuteron global optical model potential for energies up to 200 MeV
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We present a set of new deuteron global phenomenological optical model potential parameters for nuclides in
the mass range 12 � A� 209 with incident energies from threshold up to 200 MeV, based on the experimental
data of deuteron total reaction cross sections and elastic scattering angular distributions. The extracted deuteron
global optical model potential parameters are compared to existing deuteron global optical potential.
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I. INTRODUCTION

The optical model has a significant impact on many
branches of nuclear reaction physics. The central assumption
of that 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 a
part covering shape elastic scattering and a part describing
all competing nonelastic channels. Solving the Schrödinger
equation with this complex potential yields a prediction for
the basic observables, namely, the elastic scattering angular
distribution and total reaction cross sections. An important
feature of a good optical model potentials is that it can be
used to reliably predict these observables for energies and
nuclides for which no experimental measurement data exist,
while the ingredients of the model, either microscopic or
phenomenological, are physically well-behaved. 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. The reaction
cross sections that are calculated with the optical model are
important for the evaporation part of intranuclear cascade
models and also for semiclassical preequilibrium models.
All these nuclear models for the nonelastic channels rely
on various other ingredients, such as discrete level schemes,
level densities, γ -ray strength functions, fission barriers, etc.
Uncertainties in those quantities all add to the total uncertainty
of the calculated results. Therefore, it is crucial that the optical
model potentials that enter such nuclear model calculations
be adequately determined, independent pieces of information.
The success of the optical model to account for elastic nucleon
scattering and absorption leads to one to apply this model also
to composite particle scattering and absorption. It is of special
interest to probe the validity of the optical model for the elastic
scattering and absorption of deuterons that are weakly bound
composite particles.

Most reports on the elastic scattering of deuterons contain
one or more optical potentials that reproduce the elastic
scattering angular distributions. There are two deuteron global
optical model potentials currently available. The first, from

Daehnick et al. [1], covers the mass range A = 27–238.
Some 12C and 24Mg data are included at 80 and 90 MeV
with reduced weights because not much higher mass data
exist at these energies. The full energy range covered is
thus 11.8–90.0 MeV. Both relativistic and nonrelativistic
forms of the potential were extracted. The other global
potential is from Bojowald et al. [2]. This potential covers
the mass range from A = 12–208 and energy range from
52 to 85 MeV. This group took additional data at 58.7 and
85 MeV on several targets, so their data set includes higher
energy work. Only nonrelativistic potentials were extracted.
Using the extrapolated potential of Bojowald et al. and
Daehnick et al. as a starting point, three improved sets of
local optical model potential parameters for C, 58Ni, and
208Pb at incident deuteron energies 110 and 120 MeV, 12C,
24Mg, and 58Ni at incident deuteron energy 170 MeV, 6Li,
16O, 32S, 50,51V, and 70,72Ge at incident deuteron energy
171 MeV and 90Zr and 116Sn at incident deuteron energy
183 MeV were determined by fitting the relevant data [3–5],
respectively.

Partial wave analyses of elastic scattering angular dis-
tributions result in sets of phase shifts that also uniquely
determine the reaction cross sections. In spite of the fact
that the analyses of the angular distributions often results
in ambiguities for the optical model potential, experimen-
tal efforts in the past have mainly concentrated on mea-
suring angular distributions for more target nuclei and at
new energies, while up to now very few measurements
of total reaction cross sections were only performed in
Refs. [6–8].

The purpose of the present paper is to derive a set of
global phenomenological optical model potential parameters
including the experimental data of deuteron total reaction cross
sections and deuteron elastic scattering angular distributions
at incident deuteron energy up to 200 MeV.

II. THE OPTICAL MODEL POTENTIAL

The optical model potentials considered here are Woods-
Saxon form for the real part; Woods-Saxon and derivative
Woods-Saxon form for the imaginary parts corresponding
to the volume and surface absorption, respectively; and the
Thomas form for the spin-orbit part. The analytical expression
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of the phenomenological optical model potential form is

V (r) = VR(r) + VSO (r) + VC(r)

+ i[WD(r) + WS(r) + WSO(r)], (1)

where VR(r) is the real part potential, WD(r) and WS(r) are
the imaginary part potential of surface absorption and volume
absorption, VSO (r) and WSO(r) are the real and imaginary parts
of the spin-orbit potential, VC(r) is the Coulomb potential. The
real part of optical model potential is

VR(r) = − VR(E)

1 + exp
(

r−RR

aR

) . (2)

The imaginary part of surface absorption of optical model
potential is

WD(r) = −4WD(E)
exp

(
r−RD

aD

)
[
1 + exp

(
r−RD

aD

)]2 . (3)

The imaginary part of volume absorption of optical model
potential is

WS(r) = − WS(E)

1 + exp
(

r−RS

aS

) . (4)

The spin-orbit potential is

VSO (r) = −
(

h̄

mπc

)2

( �L · �S)
VSO

aSOr

exp
(

r−RSO

aSO

)
[
1 + exp

(
r−RSO

aSO

)]2 ,

(5)

WSO (r) = −
(

h̄

mπc

)2

( �L · �S)
WSO

aSOr

exp
(

r−RSO

aSO

)
[
1 + exp

(
r−RSO

aSO

)]2 .

(6)

The Coulomb potential is

VC(r) =




0.7720448
ZdZ

RC

(
3 − r2

R2
C

)
if r < RC,

1.440975
ZdZ

r
if r � RC.

(7)

The energy dependencies of potential depths are expressed
as follows:

VR(E) = V0 + V1E + V2E
2 + V3

(N − Z)

A
+ V4ZA− 1

3 ,

(8)

WD(E) = W0 + W1E + W2
(N − Z)

A
, (9)

WS(E) = max

{
0, U0 + U1E + U2E

2 + U3
(N − Z)

A

}
.

(10)

where Z,N , and A are the charge, neutron, and mass numbers
of the target nucleus, respectively, Zd and E are incident
deuteron charge number, and energy in the laboratory system,

respectively,

Ri = riA
1
3 , i = R,D, S, SO,C, (11)

where rR, rD, rS, rSO , and rC are the radius of the real part,
the surface absorption, the volume absorption, the spin-orbit
couple and the Coulomb potential, respectively.

aR, aD, aS , and aSO are the width of the real part, the surface
absorption, the volume absorption and the spin-orbit couple
potential, respectively. Where aD, aS are

aD = ad + 0.045A
1
3 , (12)

aS = as + 0.045A
1
3 . (13)

The units of the potential VR,WD,WS, VSO,WSO are in
MeV, the lengths rR, rD, rS, rSO, rC, aR, aD, aS , and aSO are
in fm, the energy E is in MeV.

The Hauser-Feshbach theory with the width fluctuation
correction is used to calculate the compound nucleus elastic
scattering distributions at low energies.

III. THE GLOBAL OPTICAL MODEL POTENTIAL
PARAMETERS

The adjustment of the optical potential parameters is
performed automatically with a computer to minimize a
quantity called χ2, which represents the deviation of the
calculated results from experimental values. The χ2 is defined
as follows:

χ2
i,ne = 1

Ni,ne

Ni,ne∑
j=1

[
σ th

i,ne(j ) − σ
exp .

i,ne (j )

�σ
exp .

i,ne (j )

]2

, (14)

χ2
i,el = 1

Ni,el

Ni,el∑
j=1

1

Mi,j,el

×
Mi,j,el∑
k=1

[
σ th

i,j,el(θi,j,k) − σ
exp .

i,j,el(θi,j,k)

�σ
exp .

i,j,el(θi,j,k)

]2

, (15)

where Ni,ne and Ni,el are energy point numbers of the exper-
imental data of reaction cross sections, and elastic scattering
angular distributions for the ith nucleus, respectively. Mi,j,el

is angle numbers of the experimental data of elastic scattering
angular distributions for the ith nucleus and j th energy
point. The superscripts th and exp represent the theoretical
and experimental values, respectively. σi,ne(j ) are reaction
cross sections for the ith nucleus and j th energy point.
σi,j,el(θi,j,k) are elastic scattering angular distributions for the
ith nucleus, j th energy point, and kth outgoing angle. �σ is
the experimental data error of the corresponding data.

The program APMN [9] for automatically searching optimal
optical potential parameters in the E � 300 MeV energy range,
by means of the improved method of steepest descent [10] is
further improved upon and used in the present work.

Starting with the experimental data of total reaction
cross sections and elastic scattering angular distributions, we
performed the analysis again in order to extract a global
parameter set based on as much experimental data as possible.
The experimental data of total reaction cross sections and
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TABLE I. Optical model potential parameters.

V0 82.18 VSO 3.703
V1 −0.148 WSO −0.206
V2 −0.000886 rR 1.174
V3 −34.811 rD 1.328
V4 1.058 rS 1.563
W0 20.968 rSO 1.234
W1 −0.0794 rC 1.698
W2 −43.398 aR 0.809
U0 −4.916 ad 0.465
U1 0.0555 as 0.700
U2 0.0000442 aSO 0.813
U3 35.0

elastic scattering angular distributions are collected and an-
alyzed. The nucleus of mass range from A = 12–209 and
incident deuteron energy range from threshold to 200 MeV
are included. The optical model potential parameters obtained
is given in Table I.

The real part potential and Coulomb potential of the
optical model is used to describe elastic scattering angular
distributions. The imaginary part potential of the optical model
describes total reaction cross section. From Eqs. (1)–(10) and
Table I we can see that the contribution of real part potential
[Eqs. (2) and (8)] decreases with increasing incident deuteron
energy. The contribution of imaginary part potential of surface
absorption [Eqs. (3) and (9)] decreases and imaginary part
potential of volume absorption [Eqs. (4) and (10)] increases
with increasing incident deuteron energy. The imaginary
part potential of volume absorption [Eqs. (4) and (10)] of
global optical potential only has contribution for N �= Z

when incident deuteron energy is large about 40.0 MeV.
While for N = Z, the imaginary part potential of volume
absorption [Eqs. (4) and (10)] of global optical potential
only has contribution when incident deuteron energy is large
about 100.0 MeV. The contribution of the spin-orbit potential
[Eqs. (5) and (6)] of the optical model is small.

IV. THEORETICAL CALCULATIONS AND ANALYSIS

The total reaction cross section for 12C, 16O, 28Si, 40,48Ca,
58,60Ni, 112,116,120,124Sn, and 208Pb are calculated using the
global optical model potential parameters from Table I. The
comparisons of calculated results with experimental data [8]
are given in Figs. 1–4. The calculated results show that
theoretical values are in good agreement with experimental
data [8] for 16O, 28Si, and 208Pb in Fig. 1, and theoretical
values are larger than the experimental data [6] for 12C.
The calculated results for 40,48Ca and 58,60Ni are in reason-
able agreement with experimental data in Figs. 2 and 3.
Figure 4 shows that the theoretical results are in good
agreement with experimental data for 112,116,120Sn, while for
124Sn, the theoretical results are larger than experimental data
at energies 65.5 and 97.4 MeV, and the experimental data are
smaller than the experimental data of 120Sn. Since Figs. 1–4
also show total reaction cross sections increase with increasing
the mass number and neutron number of the target nucleus,

FIG. 1. Experimental data [6–8] of deuteron reaction cross
sections for 12C, 16O, 28Si, and 208Pb compared with calculated results
by the global potentials.

the theoretical results seem to be reasonable for 124Sn above
energies 50 MeV. We also see that there is a general trend
that the total reaction cross sections decrease with increasing
incident deuteron energy for light nuclei and increase for
heavy nuclei. Daehnick et al. [1] and Bojowald et al. [2] have
derived global potentials for the elastic scattering of deuterons
below 100 MeV. The difference in the calculated reaction cross
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FIG. 2. Experimental data [8] of deuteron reaction cross sections
for 40Ca and 48Ca compared with calculated results by the global
potentials.

sections using these potentials is considerably larger than the
experimental data and our present results, and the trend of the
total reaction cross sections decreases with increasing energy
for all nuclei. It is evident that the total reaction cross sections
give a very important constraint on optical model calculations.

The present calculated results of total reaction cross sec-
tions for some targets are in agreement with experimental data
of natural targets taken from Refs. [6,7] at incident deuteron
energies 22.4 and 26.5 MeV, and larger than experimental data
of natural targets for some targets as shown in Figs. 1 and 3.

The experimental data of elastic scattering angular distri-
butions in the past have mainly concentrated on measuring for
more target nuclei and at new energies. Elastic scattering of the
deuteron from Ti, V, Cr, Co, Ni, and Cu at laboratory energies
of 3.32 and 4.07 MeV, and from Mg and Al at laboratory
energies of 3.32, 3.73, and 4.07 MeV were measured [11].
The calculated results from our global optical potential are in
good agreement with experimental data. The comparisons of
calculated results with experimental data at incident deuteron
energy 4.07 MeV for the elastic scattering angular distributions
as a ratio to the Rutherford cross section are given in Fig. 5.
There are some structures for 24Mg and 27Al. The present
calculated results at incident deuteron energy 9.0 MeV are
compared with experimental data [12] for different targets.
Except for 40Ca, the present calculated results fit experimental

FIG. 3. Experimental data [6–8] of deuteron reaction cross
sections for 58Ni and 60Ni compared with calculated results by the
global potentials.

FIG. 4. Experimental data [6–8] of deuteron reaction cross
sections for 112,116,120,124Sn compared with calculated results by the
global potentials.

data for all targets. We also calculate and analyze elastic
scattering angular distributions of different targets in incident
deuteron energy range of 4.0 to 9.0 MeV, the present calculated
results are in good agreement with existing experimental data.

The calculated results from our global optical potential
as the ratio of differential cross section to the Rutherford
cross section at incident deuteron energy 11.0 MeV are
compared with experimental data [13] for different targets
(27Al to 238U), and good agreement is obtained between
present calculated results and experimental data. Elastic
scattering angular distributions of deuteron from some natural
targets (C to Au), and from some isotope targets (27Al to
60Ni) at laboratory energies of 11.8 MeV were measured
[14,15], respectively. Elastic scattering angular distributions
of deuteron from different nuclei at laboratory energy of
12.0 MeV were measured [16,17], respectively. There are
some discrepancies in both experimental data taken from
different laboratories for mass numbers of targets less
than 100. The present calculated results are in good agreement
with all experimental data for mass numbers of targets

FIG. 5. Elastic scattering angular distributions in the Rutherford
ratio at incident deuteron energy of 4.07 MeV compared experimental
data [11] with calculated results by the global potentials. The results
are offset by factors of 10.
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FIG. 6. Elastic scattering angular distributions at an incident
deuteron energy of 12.0 MeV compared experimental data [17] with
calculated results by the global potentials. The results are offset by
factors of 10.

greater than 100. While for mass number of target less
than 100, the present calculated results are in agreement
with experimental data taken from Refs. [15,16], and are
basically in agreement with experimental data taken from
Ref. [14]. Figure 6 is the comparisons of present calculated
results with experimental data [17] of elastic scattering angular
distributions at incident deuteron energy 12.0 MeV. Since
Fig. 6 show results for A > 100, there are no structure for
the shape of elastic scattering angular distributions. While
for A < 100, since the structure of elastic scattering angular
distributions show the nuclear structure effect of the target,
the present calculated results of isotope targets are in basically
agreement with experimental data of natural targets [14] that
are reasonable. The elastic scattering angular distributions
of different targets (27Al to 208Pb) at incident deuteron
energies 14.5 and 15.0 MeV were measured in different
laboratories [18–22]. The measurement results are basically in

agreement. The comparisons of present calculated results with
all of experimental data [18–22] at incident deuteron energy
15.0 MeV show that a good agreement is obtained. The elastic
scattering angular distributions for different targets at incident
deuteron energy 17.0 MeV are compared with experimental
data [23]. The results show that the present calculated results
are in good agreement with experimental data as shown in
Fig. 7, except for 48Ca. The experimental data for 48Ca had the
larger systematic uncertainty. The present calculated results for
12C and 40Ca are inconsistent with experimental data [13,14]
for deuteron energy below 20.0 MeV.

Elastic scattering angular distributions of deuteron from
some natural targets (Mg to Au) at incident deuteron energy of
21.6 and 26.0 MeV were measured [24,25]. The calculated
results of elastic scattering angular distributions from our
global optical potential for the isotope targets corresponding to
natural nucleus are compared with all the experimental data.
The present calculated results are in good agreement with
experimental data. The results at incident deuteron energy
26.0 MeV are only given in Fig. 8.

The calculated results of elastic scattering angular distribu-
tions from our global optical potential for 12C, 28Si, 40Ca,
56Fe, 58Ni, 64Zn, 90Zr, 118,120Sn, and 208Pb are compared
with experimental data [26,27] at incident deuteron energy
about 30.0 MeV. The present calculated results are in good
agreement with experimental data, except for 12C and 40Ca,
where the shapes of present calculated results curve are
similar to those of experimental data, but the magnitudes are
smaller than those of experimental data for angle larger 50.0◦.
The experimental data of elastic scattering angular distribu-
tions from different targets at incident deuteron energy of
34.4 MeV were given in Ref. [28]. The present calculated
results are in good agreement with experimental data as shown
in Fig. 9. From Fig. 9 we can see that the experimental
data only were given for angles less than 80◦. Since the
present calculated results at incident deuteron energy above
30.0 MeV and angle less than 150◦ are in good agreement
with experimental data [26,27], the present calculated results
at incident deuteron energy about 34.4 MeV and angle greater
than 80◦ are reasonable.

The comparisons of calculated results from our global
optical potential with experimental data [29] of elastic
scattering angular distributions at incident deuteron energy
52.0 MeV are given in Fig. 10. The present calculated results
are in good agreement with experimental data for some
targets, and are in agreement with experimental data for other
targets. The experimental data [30] of elastic scattering angular
distributions at incident deuteron energy 56 MeV were given.
The present calculated results are in good agreement with ex-
perimental data for all targets, except 16O, as shown in Fig. 11.
The experimental data [31] of elastic scattering angular
distributions of deuteron from 12C, 16O, 40Ca, 58Ni, 90Zr,
118Sn, 144Sm, and 208Pb at an incident deuteron energy of
56 MeV were also given. The experimental data taken from
Ref. [31] for 16O are inconsistent with those taken from
Ref. [30]. The present calculated results are in good agreement
with experimental data [31] for all targets. The comparisons
of present calculated results with experimental data [2] of
elastic scattering angular distributions from 27Al, 89Y, 120Sn,
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FIG. 7. Elastic scattering angular distributions at an incident
deuteron energy of 17.0 MeV compared experimental data [23] with
calculated results by the global potentials. The results are offset by
factors of 10.

FIG. 8. Elastic scattering angular distributions at an incident
deuteron energy of 26.0 MeV compared experimental data [25] with
calculated results by the global potentials. The results are offset by
factors of 10.

and 208Pb at incident deuteron energy 58.7 MeV are given in
Fig. 12. The present calculated results are in good agreement
with experimental data for all angles. The agreement between
the present calculated results and experimental data in Figs. 10
and 12 show that the present calculated results are reasonable
for angles greater than 70◦ at incident deuteron energy 56 MeV
as shown in Fig. 11.

The experimental data of elastic scattering angular dis-
tributions at incident deuteron energies 80.0 and 85.0 MeV
were given in Refs. [2,32–35], respectively. The comparisons
of calculated results from our global optical potential with
experimental data show that good agreement is obtained
for all targets and energies as shown in Figs. 13 and 14.
The present calculated results of elastic scattering angular
distributions of 12C, 27Al, 58Ni, and 206Pb at incident deuteron
energies 60.0, 77.0, 80.0, 90.0, and 170.0 MeV are compared
with experimental data [4,33,34,36]. Comparisons of the
present calculated results with experimental data [5] from
16O, 32S, 50,51V, and 70,72Ge at an incident deuteron energy of
171 MeV and from 90Zr and 116Sn at an incident deuteron
energy of 183 MeV as ratios of the differential cross section
to Rutherford cross section are given in Fig. 15. Though the
agreement is obtained between present calculated results and
experimental data, the curve of theoretical calculated results
shows more diffractive oscillation for angles smaller than 60◦
above incident deuteron energies of 170 MeV. The elastic
scattering angular distributions show a diffraction pattern with
weak structure for low energy. The number of diffractive
oscillation increases with increasing incident energy. The
diffractive oscillation becomes gradually less pronounced with
increasing mass number at the same incident energy.

The calculated results of elastic scattering angular distribu-
tions from our global optical potentials for the same target
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FIG. 9. Elastic scattering angular distributions in the Rutherford
ratio at an incident deuteron energy of 34.4 MeV compared experi-
mental data [28] with calculated results by the global potentials. The
results are offset by factors of 10.

are compared with experimental data of different incident
deuteron energies. Comparisons of the present calculated
results with experimental data for 24Mg at incident deuteron
energies from 21.0 to 170.0 MeV are given in Fig. 16.
The present calculated results are in good agreement with
experimental data [4,34]. The experimental data for 58Ni
were given at incident deuteron energies from 3.32 MeV
to 700.0 MeV [37]. Figure 17 shows the comparisons of
present calculated results with experimental data taken from
different laboratories for 58Ni at incident deuteron energies
from 3.32 to 200.0 MeV. The present calculated results are
in good agreement with experimental data. The curve of
theoretical calculated results shows more diffractive oscillation
for angles smaller than 60◦ at an incident deuteron energy of
200 MeV. Comparisons of the present calculated results with
experimental data for 208Pb at incident deuteron energies from
10.0 to 140.0 MeV are given in Fig. 18. The experimental data

FIG. 10. Elastic scattering angular distributions in the Rutherford
ratio at an incident deuteron energy of 52.0 MeV compared experi-
mental data [29] with calculated results by the global potentials. The
results are offset by factors of 10.
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FIG. 11. Elastic scattering angular distributions at an incident
deuteron energy of 56.0 MeV compared experimental data [30] with
calculated results by the global potentials. The results are offset by
factors of 10.

at incident deuteron energies of 10.0, 11.0, 12.0, 13.0, 14.0,
15.0, 16.0, 18.0, 21.5, and 23.0 MeV were given in Ref. [38].
The present calculated results are in good agreement with
experimental data for all energy points. The elastic scattering
angular distributions show a diffraction pattern with weak
structure at larger angles. The first minimum moves to smaller
angles with increasing incident energy and becomes gradually
less pronounced. The overall slopes of the angular distributions
are steeper at higher energies.

The shape of the calculated results curve of elastic scattering
angular distributions from our global optical potentials is
in good agreement with those of experimental data, but the
magnitude is smaller than those of experimental data for 12C
and 40Ca below an incident deuteron energy of 40.0 MeV and
above an angle of 50◦. We also see that the present calculated
results of elastic scattering angular distributions for 42,44Ca
are in good agreement with those of experimental data, so the

FIG. 12. Elastic scattering angular distributions in the Rutherford
ratio at an incident deuteron energy of 58.7 MeV compared experi-
mental data [2] with calculated results by the global potentials. The
results are offset by factors of 10.

results for 40Ca show strong nuclear structure effect below
an incident deuteron energy of 40.0 MeV. Using our global
potential as a starting point, the improved set of local optical
model potential parameters for 40Ca at incident deuteron
energies of 5.0 to 200 MeV is obtained. The calculated results
from our local optical model potential for total reaction cross
section and elastic scattering angular distributions are in good
agreement with all experimental data. Figure 19 shows the
results of elastic scattering angular distributions from our local
optical model potential and global optical model potential as
well as experimental data [26,39] at incident deuteron energies

FIG. 13. Elastic scattering angular distributions in the Rutherford
ratio at an incident deuteron energy of 80.0 MeV compared experi-
mental data [32–35] with calculated results by the global potentials.
The results are offset by factors of 10.
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FIG. 14. Elastic scattering angular distributions in the Rutherford
ratio at an incident deuteron energy of 85.0 MeV compared experi-
mental data [2] with calculated results by the global potentials. The
results are offset by factors of 10.

of 11.18 and 30.0 MeV. The results from our local optical
model potential and global optical model potential for elastic
scattering angular distributions are in good agreement above
an incident deuteron energy of 40.0 MeV, and the total reaction
cross sections are in good agreement. The results for 12C are
similar to those of 40Ca. The local optical model potential
parameters for 6,7Li, 9Be, and 10B will be studied in the
future.

The global and local optical model potential parameters
for the deuteron were studied for some energy points in the
past year, based on the experimental data of elastic scattering

FIG. 15. Elastic scattering angular distributions in the Rutherford
ratio at an incident deuteron energies of 171.0 MeV and 183.0 MeV
(90Zr and 116Sn) compared experimental data [5] with calculated
results by the global potentials. The results are offset by factors
of 10.

FIG. 16. Elastic scattering angular distributions for 24Mg at
different incident deuteron energies compared experimental data
[4,34] with calculated results by the global potentials. The results
are offset by factors of 10.

angular distributions. Our present work includes all of the
experimental data of elastic scattering angular distributions in
previous works. The present calculated results improve those
from Refs. [1–4].

The global optical model potential parameters for the
deuteron were given in Ref. [40]. The energy dependencies
of potential depths, the radius and the width of potential are
different from our global potentials. Our global potentials
include the contribution of the odd-even effect of nuclear
structure [the term of (N − Z)/A]. The imaginary part of
the volume absorption of the optical model potential from
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FIG. 17. Elastic scattering angular distributions for 58Ni in the
Rutherford ratio at different incident deuteron energies compared
experimental data with calculated results by the global potentials.
The results are offset by factors of 10.

Ref. [40] has contributed to all incident deuteron energies,
though its value is smaller for low energy. The potentials in
Ref. [40] are similar to our potentials with increasing deuteron
energy.

Total reaction cross sections have been calculated using the
Glauber approach for 20–100 MeV deuterons on targets from
9Be to 208Pb [41,42]. This approximation gives reasonable
agreement with the trend of the experimental data. Total
reaction cross sections for several targets were calculated
for low energy deuterons in the semiclassical approach [43].
For light targets, this approximation gives agreement with
experimental data. For Sn and 208Pb, this approximation is
inconsistent with the trend of the experimental data for higher
energy. The present deuteron global optical model potential
overcomes the shortcomings from Refs. [41–43].

FIG. 18. (a) Elastic scattering angular distributions for 208Pb in
the Rutherford ratio at different incident deuteron energies compared
experimental data [37] with calculated results by the global potentials.
The results are offset by factors of 10. (b) same as (a) but for different
experimental data.

FIG. 19. Elastic scattering angular distributions for 40Ca in the
Rutherford ratio at incident deuteron energies 11.18 and 30.0 MeV
compared experimental data [26,39] with calculated results by the
global potentials and local potentials.

044615-10
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V. CONCLUSIONS

We have reported a set of deuteron global optical model
potential parameters for the mass range from 12 to 209 and
the energy range from threshold to 200 MeV in this paper,
according to the experimental data of deuteron total reaction
cross sections and elastic scattering angular distributions. The
comparison and analysis of experimental data and calculated
results by the global optical model potential show that good
agreement is generally observed. The potential developed in
this paper may find direct application in theoretical nuclear
model calculations and experiment analysis.
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