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A systematic global phenomenological optical model potential for a 6Li projectile is established by studying the
experimental data of elastic-scattering angular distributions and reaction cross sections from 24Mg to 209Bi below
250 MeV. Based on the obtained 6Li global phenomenological optical model potential, the extensive analysis of
6Li elastic scattering is performed for different targets by comparing with the corresponding experimental data.
It is found that the results calculated using the global optical model potential are consistent with a large body of
elastic-scattering data for the reactions involving 6Li incidence. Application of the global potential is performed
to predict the elastic-scattering angular distributions and reaction cross sections for those targets outside of the
mass range. The reasonable results are also obtained.

DOI: 10.1103/PhysRevC.98.024619

I. INTRODUCTION

The optical model is one of the most fundamental theoretical
models in nuclear reaction theory [1]. The optical model
potential (OMP) is the key to the model. It is commonly used in
nuclear reaction theory as effective interactions that take into
account the complexity of the many-body effects in nucleon-
nucleus scattering. In particular, the global phenomenological
OMP is of interest to determine because it can be used to re-
liably predict basic observables in some energies and nuclides
regions where no experimental measurement data exist [2].

The study of nuclear reactions involving weakly bound
projectiles has been a subject of extensive experimental and
theoretical studies in recent years. The reason is the observation
of several unusual features compared to the case of strongly
bound projectiles since the projectiles are weakly bound nuclei,
characterized by low-breakup threshold, cluster structure, and
diffuse matter distribution. Thus, the breakup and transfer
mechanisms are of crucial importance in these reactions [3]. By
studying these reactions, it is possible to investigate the role
played by breakup and transfer mechanisms on the reaction
process.

Especially for the 6Li projectile it has always been of interest
for both experimental and theoretical nuclear physicists. Since
it breaks up into α + d and has low threshold breakup energies
of 1.47 MeV, the breakup effect has been studied on the
basis of different methods [4,5]. In addition, unexpected
energy dependence of the optical model parameters around
the Coulomb barrier, namely, a threshold anomaly, have been
also widely studied for the 6Li projectile [3,6]. On the other
hand, the 6Li projectile is also the object of many studies
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aiming to build a bridge between the elastic scattering of light
and heavy ions because it is the lightest heavy-ion projectile
[7,8]. In these studies, the phenomenological OMP for the 6Li
projectile has been widely used to analyze heavy-ion scattering
data in terms of empirical Woods-Saxon parametrizations of
the nuclear potential. Furthermore, all reactions involving 6Li
in entrance or exit channels again require the 6Li OMP as
input. However, the potential for one nucleus at a particular
energy may reflect the peculiarities of that nucleus and may
not be suitable for neighboring nuclei at different energies.
Therefore, it is essential to investigate a set of reliable global
optical model parameters for use in the reaction involving 6Li
incidence or emission. Besides the obvious utilitarian value of
such parameters, there is also a reason to believe that useful
information about nuclear forces and nuclear structure can be
obtained from the systematic analysis of 6Li elastic scattering
by the global OMP.

So far, there have been only few preliminary reports on
the investigation of the global phenomenological OMP pa-
rameters for 6Li. Most of them are for individual target and
single incident energies. In earlier research, a set of global
phenomenological OMP parameters of 6Li [9] was obtained
for 44 sets of 6Li data covering the mass range of 24–208 and an
energy range of 13–156 MeV. However, the considered less and
old elastic-scattering angular distribution measurement as well
as the neglected reaction cross sections in the fitting may lead to
a large uncertainty of the parameters. On the other hand, there
has been a large amount of new experimental data over a wider
range of energies and angles for 6Li scattering from different
targets so far. It is enough to investigate on a set of new 6Li
global phenomenological OMPs by constructing mass number
and energy dependence of the optical model parameters.

In light of the above considerations, in this paper, we aim
to establish a global phenomenological OMP of the Woods-
Saxon type for the 6Li projectile by fitting the experimental
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TABLE I. The dσ/d� database for the 6Li elastic scattering. E

is the incident energy for different targets in the laboratory system.

Target E (MeV) Reference

24Mg 240.0 [12]
25,26Mg 34.0 [13]
27Al 7.0,8.0,10.0,12.0,18.0 [14]

34.0 [13]
28Si 7.5,9.0,11.0,13.0 [3]

16.0,21.0 [15]
13.0,20.0,25.0 [16]

27.0,34.0 [17]
46.0 [9]
99.0 [18]
135.0 [19]
154.0 [20]
210.0 [21]
240.0 [12]

39K 34.0 [22]
40Ca 50.6 [23]

99.0 [18]
156.0 [24]
210.0 [21]
240.0 [25]

48Ca 240.0 [25]
54Fe 38.0,44.0,50.0 [26]
59Co 12.0,18.0,26.0,30.0 [27]
58Ni 9.85,11.21,12.13,13.04,14.04 [28]

34.0 [29]
50.6 [23]
73.7 [30]
90.0 [31]
99.0 [18]
210.0 [32]
240.0 [33]

65Cu 25.0 [34]
64Zn 12.0,13.0,13.8,15.0,16.5,18.0,20.0,22.0 [35]
80Se 14.0,14.5,15.0,15.5,16.0,17.0,18.0,19.0,20.0,22.19,

23.0,26.0 [36]
89Y 60.0 [37]
90Zr 11.0,12.0,13.0,15.0,17.0,19.0,21.0,25.0,30.0 [38]

34.0 [39]
60.0 [37]
70.0 [40]
73.7 [30]
99.0 [18]
156.0 [9]
210.0 [21]
240.0 [33]

91Zr 34.0 [39]
112Sn 21.0,23.0,25.0,35.0 [41]

22.0,30.0 [42]
116Sn 20.0,21.0,22.0,23.0,24.0,26.0,30.0,35.0,40.0 [43]
118Sn 42.0 [44]
120Sn 30.0 [45]

44.0 [46]
90.0 [31]

124Sn 73.7 [30]
138Ba 21.0,22.0,23.0,24.0,26.0,28.0 [47]
144Sm 21.0,22.1,22.6,24.1,26.0,28.0,30.1,32.2,35.1,42.3 [48]

TABLE I. (Continued.)

Target E (MeV) Reference

208Pb 25.0,29.0,31.0,33.0,35.0,37.0,43.0,46.0 [49]
29.0,33.0,39.0 [50]
36.0,42.0,48.0 [51]

50.6 [23]
73.7 [30]
88.0 [52]
90.0 [31]
99.0 [18]
156.0 [9]
210.0 [21]

209Bi 24.0,26.0,28.0,30.0,32.0,34.0,36.0,38.0,40.0, [53]
44.0,50.0
29.9,32.8 [54]
36.0,40.0 [55]

data of the elastic-scattering angular distributions and reaction
cross sections from 24Mg to 209Bi targets with incident energies
below 250 MeV. Furthermore, the elastic-scattering angular
distributions and reaction cross sections are predicted for those
targets outside of the mass range.

This paper is organized as follows. In Sec. II, we outline
the formalism of the calculation and describe the method in
detail. We also give the selected experimental data and present
a new set of 6Li global OMP parameters. In Sec. III, we display
the comparisons of calculated results with experimental data.
Finally, a brief summary and our conclusions are contained in
Sec. IV.

II. THE GLOBAL PHENOMENOLOGICAL OPTICAL
MODEL POTENTIAL AND PARAMETERS

A. Form of the optical model potential

The optical potential used in the analysis of the data is of
conventional form, containing a complex nuclear central term
and a Coulomb term,

V (r, E) = VR (r, E) + i[WS (r, E) + WV (r, E)] + VC (r ), (1)

where VR represents the real part potential and WS and WV are
the surface and volume absorption imaginary part potentials,
respectively. VC (r ) is the Coulomb potential. No spin-orbit
potential term is included since the relatively weak spin-orbit
interaction for 6Li has little influence on the differential cross
section.

The most widely used shape for the potentials of real and
imaginary parts is the Woods-Saxon form factors. The real part
of the OMP, the imaginary parts for volume absorption and
surface absorption of the OMP, respectively, are expressed as

VR (r, E) = − VR (E)

1 + exp[(r − RR )/aR]
, (2)

WV (r, E) = − WV (E)

1 + exp[(r − RV )/aV ]
, (3)

WS (r, E) = −4WS (E)
exp[(r − RS )/aS]

{1 + exp[(r − RS )/aS]}2
. (4)
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TABLE II. The reaction cross-sectional
database for the 6Li projectile.

Target Reference

27Al [56,57]
nat.Li [58]
64Zn [35,59]
112,116Sn [41]
138Ba [47]
208Pb [50,60]

The Coulomb potential VC is taken to be that of a uniformly
charged sphere with a charge equal to Z of the target nucleus
and a radius equal to RC . Thus it has the form

VC (r ) =
{

zZe2

2RC

(
3 − r2

R2
C

)
, r < RC,

zZe2

r
, r � RC,

(5)

where z is the charge of the 6Li projectile.
The potential depth is dependent on incident energies (E in

MeV) and given by

VR (E) = V0 + V1E, (6)

WS (E) = max{0,W0 + W1E}, (7)

WV (E) = max{0, U0 + U1E + U2E
2}. (8)

The radii of these potentials are dependent on target
masses (A),

Ri = riA
1/3, i = R, S, V,C, (9)

where rR, rS, rV , and rC are the radius parameters of the real
part, the imaginary part of the surface absorption, the imaginary
part of the volume absorption, and the Coulomb potential,
respectively. The aR, aS , and aV mentioned in Eqs. (2)–
(4) are the corresponding diffuseness widths. The parame-
ters V0, V1, W0, W1, U0, U1, U2, rR, rS, rV , rC, aR, aS ,
and aV can be adjusted.

B. Parametrization of the optical model potential

We have made an effort to collect nearly all the experimental
data of elastic-scattering angular distributions and reaction
cross sections for the 6Li projectile that could be found in the
electronically available literature. They include those targets
for the mass of 24 � A � 209 with incident energies below
250 MeV. The complete references for these experimental
databases of the elastic-scattering angular distributions and
reaction cross sections for the 6Li projectile are listed in Tables I
and II.

The adjustment of the optical potential parameters is per-
formed automatically with a computer code to minimize a
quantity called χ2, which represents the deviation of the
calculated results from experimental values. We first get χ2

for each single target and then obtain the average value of total
χ2 for all targets. χ2

i for each target at all energy points, here
i and j , respectively, indicating each target nucleus and each

TABLE III. The global phenomenological OMP parameters for 6Li.

Parameter Value Unit

V0 265.736 MeV
V1 −0.183
W0 28.850 MeV
W1 −0.0989
U0 −5.226 MeV
U1 0.118
U2 0.000379
rR 1.120 fm
rS 1.311 fm
rV 1.537 fm
rC 1.674 fm
aR 0.814 fm
aS 0.939 fm
aV 0.726 fm

energy point, is defined as follows:

χ2
i,el = 1

Ni,el

Ni,el∑
j=1

1

Ki,j,el

Ki,j,el∑
k=1

[
σT

i,j,el(θi,j,k ) − σE
i,j,el(θi,j,k )

�σE
i,j,el(θi,j,k )

]2

,

(10)

χ2
i,re = 1

Ni,re

Ni,re∑
j=1

[
σT

i,re(j ) − σE
i,re(j )

�σE
i,re(j )

]2

. (11)

The average value of the total χ2 is

χ2 = 1

N

N∑
i=1

Wi,elχ
2
i,el + Wi,reχ

2
i,re

Wi,el + Wi,re
, (12)

where Ni,el and Ni,re are energy point numbers of the exper-
imental elastic-scattering angular distributions and reaction
cross sections for the ith nucleus. Ki,j,el is the angle numbers of
the experimental elastic-scattering angular distributions. The
superscripts T and E represent the theoretical and experi-
mental values, respectively. σi,j,el(θi,j,k ) and σi,re(j ) are the
elastic-scattering angular distributions for the kth outgoing
angle and reaction cross sections, and �σ is the experimental
error of corresponding data. Wi,el and Wi,re are the weight of
the experimental elastic-scattering angular distributions and
reaction cross sections for the ith nucleus. At the beginning of
optimizing, the weight of them are taken as 1. N is the number
of the considered nuclei.

The code APMN [10], which automatically searches opti-
mal optical potential parameters at incident energies below
300 MeV by the improved fastest falling method [11], is further
improved and used in the present paper. All the potential
parameters’ reasonable boundaries of the varied region are
given by some physical limitation before the global phe-
nomenological OMP parameters are automatically searched.

On the basis of the elastic-scattering angular distributions
and reaction cross sections in the target mass range of 24 �
A � 209 below 250 MeV as well as using the improved
optimization procedure, the global phenomenological OMP
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FIG. 1. The radial dependence of our global OMP at incident
energies of 20, 50, 100, 150, 200, 250, and 300 MeV for 58Ni.
(a) The real part and (b) the imaginary part.

parameters for the 6Li projectile are obtained and presented in
Table III.

III. CALCULATED RESULTS AND ANALYSIS

First, the global OMP analysis is performed for the 6Li
projectile in this section. Then, the elastic-scattering angular
distributions and reaction cross sections are separately calcu-
lated using the obtained global phenomenological OMP for
6Li in the target mass range of 24 � A � 209 below 250 MeV.
These results are further compared with the corresponding
experimental data. For the sake of prediction performance,
the elastic-scattering angular distributions and reaction cross
sections are also predicted for those targets outside of the mass
and energies ranges.

Using the obtained optimum parameters, the radial de-
pendence on the real part and imaginary part of the global
OMP are calculated for different targets at incident energies
of 20, 50, 100, 150, 200, 250, and 300 MeV, respectively. The
results for 58Ni are plotted in Fig. 1. For the real potential, it
is observed that the depth linearly decreases with increasing
incident energy, and the depth decreases with increasing radius.
For the imaginary part potential, the absolute value first

FIG. 2. Calculated elastic-scattering angular distributions in
the Rutherford ratio compared with the experimental data
[13,17,22,29,39,53] at incident 6Li energies of 34.0 MeV.

increases and then decreases with increasing incident radius.
The contribution to the imaginary part of the global OMP
changes from the dominant surface absorption into the volume
absorption with increasing incident energy, and it is almost
from the volume absorption when the incident energy reaches
250 MeV.

Now, we provide a detailed discussion on the elastic-
scattering angular distributions calculated using the 6Li global
OMP at the same incident energies for different targets by
comparing with the existing experiment data.

Figure 2 presents the calculations of elastic-scattering
angular distributions in the Rutherford ratio at incident ener-
gies of 34.0 MeV for 25,26Mg, 27Al, 28Si, 39K, 58Ni, 90,91Zr,
and 209Bi targets. The results are also compared with the
experimental data [13,17,22,29,39,53]. One can see that the
calculations reproduce the elastic-scattering angular distribu-
tions data well except for 28Si and 39K above 90◦ where the
calculations poorly matched in phase with the experimental
data. The discrepancy shows that it possibly needs the addition
of coupled-channel effects in the backward-angle area for some
lighter targets [17,22]. This also indicates the need for a local
optical potential to describe the elastic scattering for them in
future work.

The comparisons between the calculations of elastic-
scattering angular distributions and the experimental data are
performed at incident 6Li energies from 42.0 to 46.0 MeV
for 28Si, 54Fe, 118Sn, 142Nd, 144Sm, and 208Pb. It is found
that the theoretical values are in good agreement with the
experimental data [9,26,44,51] for them. Furthermore, the
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FIG. 3. The same as Fig. 2 but for 42.0–46.0 MeV [9,26,44,51].

calculations at incident energies of 50.0 and 50.6 MeV are
also compared with the data [23,26] for 40Ca, 54Fe, 58Ni, and
208Pb. Good agreement is also found between our calculations
and the measurements. The comparisons for incident energies
from 42.0 to 46.0 MeV are given in Fig. 3.

The elastic-scattering angular distributions are calculated
and compared with the experimental data [30] at 73.7 MeV for
58Ni, 90Zr, 124Sn, and 208Pb. The results are shown in Fig. 4.
It is observed that the calculations can produce good agreement
with the experimental results for 58Ni and 90Zr. However, there
is a slight overestimation for 124Sn and 208Pb above 50◦. For
124Sn, the disagreement should be further verified by the other
experimental data. For 208Pb, the detailed discussions can be
found in the section for the same target. The elastic-scattering
angular distributions at incident energies of 99.0 MeV are also

FIG. 4. The same as Fig. 2 but for 73.7 MeV [30].

FIG. 5. The same as Fig. 2 but for 99.0 MeV [18].

calculated for 28Si, 40Ca, 58Ni, and 90Zr. The comparisons
with the experimental data [18] are plotted in Fig. 5. It is clearly
shown that there is good agreement between them.

The elastic angular distributions at incident energies of
135.0 and 154.0 MeV are calculated for 28Si. By comparing
with the experimental data, it is found that the results are in
agreement with the data [19,20], which are shown in Fig. 6. In
this figure, the elastic angular distributions at incident energies
of 156.0 MeV are also compared with some data for 40Ca and
90Zr. A better description of the experimental data [9,24] is
still obtained.

In addition, the elastic-scattering angular distributions at
incident 6Li energies of 210.0 MeV are calculated for different
targets as is shown in Fig. 7. The calculations are compared

FIG. 6. The same as Fig. 2 but for 135.0–156.0 MeV [9,19,20,24].
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FIG. 7. The same as Fig. 2 but for 210.0 MeV [21,32].

with some data from the same experiment [21,32]. From
these comparisons, one can see that good agreement is given
for 28Si and 40Ca. But an important discrepancy between
the calculations and the data occurs above 30◦ for 58Ni and
90Zr. The elastic angular distributions at 240.0 MeV are also
compared with the experimental data [12,25,33]. These data
are also from the same experiment. These results are shown

FIG. 8. The same as Fig. 2 but for 240.0 MeV [12,25,33].

FIG. 9. The same as Fig. 2 but for 28.0 and 70.0 MeV [40,65].

in Fig. 8. One can see that there are some divergence between
the calculations and the experimental data above 25◦ for some
targets. The reason may be from the neglect coupling effect
between the elastic channel and the other reaction mechanisms
at higher incident energies. Such issues require performing
a coupled-channel calculation using the coupled discretized
continuum channel (CDCC) method, which considers the
breakup effects of the projectile 6Li [33,61–64].

To test the reliability of global OMP for the isotope
with the target mass number increasing, the elastic-scattering
angular distributions for the isotope chains of some targets are

FIG. 10. Calculated elastic-scattering angular distributions in the
Rutherford ratio compared with the experimental data [13,14] for
27Al.
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FIG. 11. The same as Fig. 10 but for 28Si [3,12,15–18,21,66,67].

predicted and compared with the existing experimental data at
the same incident energies. These data are from the same ex-
periment. Figure 9 gives the comparisons of elastic-scattering
angular distributions with the corresponding experimental data
[40,65] for isotope chain 70,72,74Ge at 28.0 MeV together with
that of 90,92,94,96Zr at 70.0 MeV. As can be seen from the figure,
good agreement is obtained between the theoretical results and
the experimental data.

FIG. 12. The same as Fig. 10 but for 58Ni [18,23,25,28–32].

Next, the elastic-scattering angular distributions for the
same target at different incident energies are calculated us-
ing the obtained 6Li global OMP. Figure 10 displays the
comparisons with the experimental data [13,14] for 27Al. A
good fit is found between them below 34.0 MeV.

For 28Si, the calculations of elastic-scattering angular
distributions are also compared with the experimental data
[3,12,15–18,21] at incident energies from 7.5 to 240 MeV,
which is shown in Fig. 11. It is observed that the calculations
agree with the experimental data below 240 MeV except for
27.0 and 34.0 MeV in the backward-angle area,where the
calculations are smaller than the experimental data (for the
discussion, see Fig. 2). In this figure, the elastic-scattering
angular distributions at 318.0 and 350.0 MeV are also predicted
and compared with the experimental data [66,67]. In principle
the present model is not appropriate for extending predictions
beyond 250 MeV. Here, we only perform a tentative calculation
for the lighter target 28Si. The curve shapes of the calculations
are similar to that of the experimental data although there are
some discrepancies between them.
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FIG. 13. The same as Fig. 10 but for 64Zn [35].

The elastic-scattering angular distributions are calculated
using the global 6Li OMP for 54Fe at incident energies of 38.0,
44.0, and 50.0 MeV. By comparing with the experimental data
[26], it can be found that the results yield a good fit to the data.
For 59Co, good agreement with the data [27] is also obtained at
incident energies of 12.0, 18.0, 26.0, and 30.0 MeV. The similar

FIG. 14. The same as Fig. 10 but for 80Se [36].

FIG. 15. The same as Fig. 10 but for 90Zr [9,18,21,25,30,37–40].

analysis is applied to the elastic angular distributions of 58Ni
below 240 MeV. The results in the Rutherford ratio are further
compared with the experimental data [18,23,25,28–32,68].
The calculations are slightly smaller than the experimental
data [68] above 100◦. However, good agreements with the
experimental data [28] are obtained below 14.04 MeV as is
shown in Fig. 12(a). For the other incident energies, the close
agreements between the calculations and the data are achieved
except for 210.0 and 240.0 MeV where the calculations are
slightly smaller than the experimental data [25,32] above about
25◦. The results are shown in Fig. 12(b).
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FIG. 16. The same as Fig. 10 but for 65Cu, 54Fe, and 89Y
[26,34,37].

The elastic-scattering angular distributions for 64Zn are
calculated at incident energies from 10.77 to 19.98 MeV in the
center-of-mass system. Comparisons between our calculations
and the experimental data [35] show that excellent agreement
is obtained. The results are plotted in Fig. 13. The elastic-
scattering angular distributions for relatively medium-mass
target 80Se at incident energies from 14.0 to 26.0 MeV are also
calculated using the global OMP, which is displayed in Fig. 14.
The calculations also provide good fits to the experimental
data [36].

The calculations of elastic-scattering angular distribu-
tions for 90Zr are compared with the experimental data
[9,18,21,25,30,37–40] in a wide range of incident energies,
which is shown in Fig. 15. In the whole energy range, good
agreement is also observed between the theoretical calculations
and the experimental value except for 210.0 and 240.0 MeV
above 25◦.

FIG. 17. The same as Fig. 10 but for 112Sn [41,42].

FIG. 18. The same as Fig. 10 but for 116Sn [43].

Moreover, the elastic-scattering angular distributions for
some relatively medium-mass targets are measured at single
incident energy. The elastic-scattering angular distributions for
65Cu, 54Fe, and 89Y are also calculated and compared with
the corresponding experimental data [26,34,37] at different
incident energies, which is shown in Fig. 16. One can see that
the results calculated using the 6Li global phenomenological
OMP are also consistent with the experimental data.

The elastic-scattering angular distributions for the tin iso-
topes chain 112,116,120Sn are calculated and compared with the
existing experimental data [31,41–43,45,46]. For 112,120Sn, the
calculations can well reproduce the existing experimental data.

FIG. 19. The same as Fig. 10 but for 120Sn [31,45,46].
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FIG. 20. The same as Fig. 10 but for 138Ba [47].

In the case of 116Sn, it is found that there are some discrepancies
between the calculations and the experimental data [41]. But
the calculations reproduce the newest elastic-scattering data
[43] well over the entire energy range of measurement. These
results are shown in Figs. 17–19.

The elastic-scattering angular distributions for 138Ba
and 144Sm are also calculated using the 6Li global
phenomenological OMP. The calculations along with the
measured data [47,48] are displayed in Figs. 20 and 21. From
these figures, one can see that this potential can reproduce the

FIG. 21. The same as Fig. 10 but for 144Sm [48].

FIG. 22. The same as Fig. 10 but for 208Pb [23,49–51].

elastic-scattering angular distributions data well for 138Ba and
144Sm over the entire energy range of measurement.

For 208Pb, the elastic-scattering angular distributions are
compared with the data from the different experiments, which
is shown in Fig. 22. From Fig. 22(a), it can be observed that the
calculated results reproduce the experimental data [23,50,51]
well except for 39.0 MeV where the calculations overestimate
the experimental data [50] above 100◦. Figure 22(b) shows the
comparisons between the calculations and the experimental
data [49] below 46.0 MeV. It can be seen that the calculations
are in good agreement with the data except for 46.0 MeV
above about 100◦ where the calculations underestimate the
experimental data. For incident energies above 70.0 MeV, as
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FIG. 23. The same as Fig. 10 but for 209Bi [53–55].

mentioned earlier and shown in Fig. 4, the results calculated
using the global phenomenological OMP overestimate the
experimental data [30] for 208Pb in the backward-angle area.

A similar analysis is also applied to the elastic-scattering
angular distributions for the nearby nucleus 209Bi. The cal-
culations of elastic-scattering angular distributions are also
compared with the data measured from different experiments.
The results are shown in Fig. 23. From Fig. 23(a) one can see
that the calculations well reproduce the data [53] from 24.0 to
50.0 MeV. In addition, the calculations give excellently well
descriptions of the elastic angular distributions from the other
experiments [54,55], which are shown in Fig. 23(b). Up to now,
there have been no experimental data above 70.0 MeV.

To further improve fits to the data for 208Pb, the radius
parameters of the real part for the global phenomenological

FIG. 24. The same as Fig. 22 but for above 70 MeV
[9,18,21,30,31,52].

OMP is added by 0.1. Figure 24 shows the elastic-scattering
angular distributions calculated using the new parameters of
the global OMP above 70 MeV From this figure, it can be
clearly seen that the calculations give a better description of
the experimental data [9,18,21,30,31,52] except for 210 MeV
above 20◦.

In order to investigate the reliability of the 6Li global
OMP, the elastic-scattering angular distributions for some
targets are also measured at the same incident angles with
different incident energies. The comparisons between the
optical model calculations and the corresponding experimental
data are performed for different targets. Figure 25 displays
the elastic-scattering angular distributions for 27Al at incident
angles 140.0◦, 165.0◦, and 170.0◦. It can be seen that the 6Li
OMP gives a good description of the experimental data [69,70]
in the error range. The elastic-scattering angular distributions

FIG. 25. Calculated elastic-scattering angular distributions in the
Rutherford ratio at the same incident angle compared with the
experimental data [69,70] for 27Al.
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FIG. 26. The same as Fig. 25 but for 120Sn, 144Sm, 208Pb, and
209Li [71–73].

for 48Ti are also compared with the experimental data [70] at
140◦ and 170◦. Good agreement is also obtained in the error
range.

The elastic-scattering angular distributions for 120Sn,
144Sm, 208Pb, and 209Bi are also compared with the experi-
mental data [71–73] at incident angles of 140.0◦, 165.0◦, and
170.0◦ as shown in Fig. 26. The calculations are in reasonable
agreement with the experimental data.

Moreover, the reaction cross section is also an important
observable of the optical model. It has long been of interest
since it is intended to test nuclear models, get information
about projectile matter distributions, and give clues to their
structures. For instance, accurate elastic-scattering measure-
ments can determine the optical model potential parameters
for a system, which in turn allow reaction cross sections to be
deduced. On the other hand, the reaction cross-sectional values
can serve as important constraints in phenomenological optical
model analyses [74]. Thus, the reaction cross sections are also
calculated using our global OMP for different targets, and they
are further compared with the existing data. The reaction cross
sections for 27Al calculated using the obtained 6Li global OMP
are presented in Fig. 27. There is only an experimental dot
[57] above 200 MeV. The reaction cross-sectional data at four
energies close to the Coulomb barrier were extracted from the
optical model fits [56]. The calculations are consistent with
these data.

Figure 28 shows the reaction cross sections calculated
using the global OMP for 63,65Cu and 64Zn. There are no
experimental data of reaction cross sections for 63,65Cu. We
compare the results with the experimental data [58] of the
nat.Cu target. Reasonable agreements are achieved below
250 MeV for 63,65Cu. There are also some data above 250 MeV
from the same experiment. The calculations are compared with
these data, and good agreement is obtained. For 64Zn, the data
are derived from the experimental elastic-scattering angular
distributions for the 6Li + 64Zn systems [35,59] at energies
from below to above the Coulomb barrier. From the figure, it

FIG. 27. Comparison between the optical model calculation and
the experimental data [56,57] of 6Li reaction cross sections for 27Al.

can be seen the calculations are also in excellent agreement
with these data [35,59].

The reaction cross sections for 112,116Sn are calculated using
the global OMP. There are only the reaction cross-sectional
data derived from the experimental elastic-scattering data for
the 6Li + 112,116Sn systems [41] at energies near the Coulomb
barrier. The calculations are compared with these data, which
are shown in Fig. 29. One can see that the reaction cross

FIG. 28. The same as Fig. 27 but for 63,65Cu and 64Zn [35,58,59].
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FIG. 29. The same as Fig. 27 but for 112,116Sn [41].

sections are in satisfactory agreement with the data extracted
from the measured elastic-scattering angular distributions for
both of them.

Furthermore, the reaction cross sections for 138Ba are com-
pared with the corresponding data which are extracted from
the elastic-scattering angular distributions for the 6Li + 138Ba
systems at sub- and near-barrier energies [47]. Good agreement
is achieved between them, which is shown in Fig. 30.

FIG. 30. The same as Fig. 27 but for 138Ba [47].

FIG. 31. The same as Fig. 27 but for 208Pb [50,60].

The reaction cross sections for 208Pb are also calculated
using the 6Li global OMP. The data of the reaction cross
sections [50] are derived in terms of the optical model by
analyzing the elastic-scattering data at several energies near the
Coulomb barrier. The agreement with the data is rather good.
In addition, the reaction cross sections on nat.Pb were measured
at 298.0 meV [60]. The calculations are also compared with
the experimental data and agree well with the data. These
results are shown in Fig. 31. In addition, from the above results
of the reaction cross sections, it is observed that there is a
common tendency that the reaction cross sections for heavy
nuclei increase with increasing incident energy from Coulomb
barrier up to 200 MeV. However, they increase first and then
slightly decrease with increasing incident energy for light
targets.

FIG. 32. Comparison between the optical model prediction and
the experimental data [75] of 6Li elastic-scattering angular distribu-
tions for 232Th.
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Moreover, the calculations of elastic-scattering angular
distributions for those targets in the mass ranges of 7 � A � 24
and 209 < A � 239 are further predicted at different incident
energies. These targets are some lighter and deformed nuclei.
From the comparison with the experimental data, it is found
that the predictions are also in reasonable agreement with
experimental data for actinide nuclei. The results of elastic-
scattering angular distributions for some light targets slightly
underestimate the experimental data in the backward-angle
area. But the curve shapes of the calculated elastic-scattering
angular distributions are similar with the corresponding ex-
perimental data. Figure 32 gives the comparisons with the
experimental data [75] for 232Th from 26.0 to 44.0 MeV. Good
agreement is observed between them.

IV. SUMMARY AND CONCLUSIONS

Within the framework of the optical model, a new set
of 6Li global phenomenological energy-dependent optical
potential parameters based on the form of the Woods-Saxon
potential has been found. The potential simultaneously fits
the experimental elastic-scattering angular distributions and
reaction cross sections for the mass range of target nuclei from
24 to 209 at incident energies below 250 MeV. By comparing
with the experimental data, the global OMP of the 6Li projectile
which is obtained has been shown to provide a good description
of 6Li elastic scattering below 200 MeV. There are some

divergencies between the calculations and the experimental
data for some targets at incident energies of 210.0 and
240.0 MeV. The reason may be that the breakup effects of
the 6Li projectile are not considered in the calculations. To
thoroughly investigate the breakup effects of the projectile
6Li, the CDCC method will be applied to analyses of the
scattering and the breakup of the 6Li projectile in future work.
On the other hand, in order to investigate the reliability of the
global OMP, the isotope chains for some targets are predicted
at different incident energies. Moreover, the predictions are
also performed for the mass number of target nuclei A < 24
and the actinide nuclei. Comparisons with the experimental
data show that the predictions are also reasonable for them.
The performed calculations reveal that the obtained 6Li global
OMP will be significant to investigators performing systematic
studies for nuclear model calculations and experimental anal-
ysis involving weakly bound nucleus 6Li scattering especially
for the breakup or transfer reactions.
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