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Yongli Xu,"" Yinlu Han,>' Jiaqi Hu,> Haiying Liang,” Zhendong Wu,> Hairui Guo,® and Chonghai Cai*
'College of Physics and Electronic Science, Shanxi Datong University, Datong 037009, China
2Key Laboratory of Nuclear Data, China Institute of Atomic Energy, P.O. Box (275-41), Beijing 102413, China
3Institute of Applied Physics and Computational Mathematics, Beijing 100094, China
4Department of Physics, Nankai University, Tianjin 300071, China

® (Received 29 October 2017; published 26 January 2018)

A new global phenomenological optical model potential for the "Li projectile is derived from the available
experimental data of elastic-scattering angular distributions and reaction cross sections from 2’ Al to 2%Pb with
incident energies below 200 MeV. It is based on a smooth, unique functional form for the energy dependence of
the potential depths, and physically constrained geometry parameters. The elastic-scattering angular distributions
and reaction cross sections for other targets are also predicted by the obtained "Li global phenomenological
optical model potential at different incident energies. These results are further compared with the corresponding
experimental data. The performance shows that the "Li global phenomenological optical model potential can give

a satisfactory description for "Li elastic scattering.
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I. INTRODUCTION

The phenomenological optical model potential (OMP) suc-
cessfully describing the nucleon-nucleus (NA) interaction in
elastic scattering was widely used in the study of nuclear
structures and nuclear astrophysics [1]. It can be obtained by
assuming a form of the potential and a dependence by a number
of adjustable parameters for the real and imaginary parts that
vary with the projectile energy and the target mass number.
In particular, the global phenomenological OMP specified for
both a mass region and an energy region can reliably predict
the elastic scattering observables in these regions where no
measurements exist [2].

In the last few years, it has been concentrated on the study
of nuclear collisions induced by stable weakly bound nuclei
at energies around the Coulomb barrier [3,4]. As the weakly
bound nuclei present strong cluster structures with small sepa-
ration energies, the cluster structures may influence in various
ways the mechanism of reactions in which they take part. Also,
a large probability of breakup or transfer exists in the nuclear
reactions induced by these weakly bound nuclei. Moreover,
the nuclear reaction mechanisms with weakly bound stable
heavy ions have been investigated and many nonconventional
behaviors observed [5].

Among the reactions involving weakly bound nuclei, the
lithium with its weakly bound isotopes has always inter-
ested both experimental and theoretical nuclear physicists,
especially on these reactions involving the 7Li incidence
or emission. For example, the abundance of "Li from big
bang nucleosynthesis (BBN) is one of puzzles in nuclear
astrophysics [6,7]. On the other hand, the 7Li nucleus exhibits
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an obvious cluster structure, so it can be used for probing the
cluster structure of the projectile ground state [8].

With the development of the study on these reactions
induced by the "Li nucleus for a range of targets, the global
phenomenological OMP of "Li plays an important role to
understand the complicated reaction mechanism. Recently, a
large number of measurements on differential cross sections
of "Li elastic scattering at different incident energies, have
brought us an opportunity to investigate global OMP for it. For
this purpose, we carry out systematic studies of the global OMP
on 'Li projectiles, which can provide information relevant
to structure properties and explore the features induced by
the coupled-channel effects, the breakup, and its subsequent
effects of weakly bound "Li.

Up to now, the different phenomenological OMPs of "Li
projectile based on the form of the Woods-Saxon potential
have been given in Ref. [9], which is for individual nucleus and
single incident energy. Moreover, a set of global phenomeno-
logical OMP parameters of 'Li [10] has also been made for 25
sets of ’Li data covering the mass range 24-208 and an energy
range 28-88 MeV. However, less elastic-scattering angular
distribution data and the neglected reaction cross sections in
the fitting may lead to a large uncertainty of the parameters.

In this paper, a global phenomenological OMP for the
"Li projectile is derived from the experimental data of the
elastic-scattering angular distributions and reaction cross sec-
tions from 2’Al to 2%®Pb targets with incident energies below
200 MeV. Furthermore, the elastic-scattering angular distribu-
tions and reaction cross sections are predicted for those targets
outside of the mass range.

This paper is organized as follows. The basic phenomeno-
logical OMP formulas are presented and a new set of ’Li global
OMP parameters are given in Sec. II. The comparisons of
calculated results with experimental data are shown in Sec. I11.
Finally, the conclusions are given in Sec. I'V.
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II. THE OPTICAL MODEL POTENTIAL AND
PARAMETERS

A. Form of the optical model potential

The standard phenomenological OMP is defined as
V(r,E) = VR(r,E) +i[Ws(r,E) + Wy (r, E)] + Vc(r), (1)

where the first term Vi represents the real part potential, the
second term W, and Wy are the surface and volume absorption
imaginary part potential, respectively. The third term V¢ (r) is
the Coulomb potential.

The depth of real and imaginary parts of potentials are
assumed to be the Woods-Saxon type. The real part of OMP is
expressed as

Vr(E
Vi(r,E) = — w(®) : &)
1 +exp[(r — Rg)/ar]
The imaginary part for surface absorption of OMP is
—R
Wi(r. B) = —4wy(F)— P Z Rojasl 5,
{1+ expl(r — Rg)/as]}
The imaginary part for volume absorption of OMP is
Wy (E
W) = V) @

~ 1+expl(r — Ry)/av]

The Coulomb potential V¢ is taken from the electric field of
a spherical homogeneous charge density nucleus with radius
Rc,

Ze? r?
Sk (3— %) r<Re

7Ze*
el r> Re,

Velr) = )
where Z and z are the charge of the target and projectile,
respectively.

The potential depth is assumed to be dependent of incident
energies (£ in MeV),

VR(E) = Vo + ViE + V,E?, (6)
Ws(E) = max{0, W, + W, E}, @)
Wy (E) = max{0,Uy + U, E + U, E?}. (8)

The radii of these potentials are assumed to be dependent
of target masses (A),

Ri=rA5, i=RS,V.C, ©9)

where rg, rg, ry, and r¢ are the radius parameters of real part,
the imaginary part of surface absorption, the imaginary part
of volume absorption, as well as the Coulomb potential. The
ag, as, and ay are the corresponding diffuseness width. The
parameters Vo, Vi, Vo, Wy, Wy, Uy, Uy, Ua, rg, rs, 1y, r'c, ag,
ag, and ay are adjusted.

B. Parametrization of the optical model potential

The experimental data of elastic-scattering angular distri-
butions and reaction cross sections for the ’Li projectile are
collected and analyzed, which include those targets for the
mass 27 < A < 208 with incident energies below 200 MeV.
The complete experimental databases of the elastic-scattering

TABLEI. The do/dS2 database for "Li elastic scattering. The Ej,
is the incident energy for different targets in the laboratory system.

Target E;,(MeV) Ref.
YAl 6.0,7.0,8.0,9.0,10.0,11.0,12.0,14.0,16.0,18.0 [13]
13.0,19.0,24.0 [14]
BSi 8.0,8.5,9.0,10.0,11.0,13.0,15.0,16.0 [15]
11.5,13.0,16.0,21.0,26.0 [16]
36.0 [17]
177.8 [18]
0ca 340 [19]
88.7 [20]
“Cca 340 [21]
®BCa 340 [21]
88.7 [20]
46487 17.0 [22]
M*Fe  36.0,42.0,48.0 [21]
SFe  34.0 [19]
BNi 14.22,16.25,18.28,19.0,20.31 [23]
34.0 [21]
42.0 [24]
ONi 340 [21]
©Ni  34.0 [25]
SCu  25.0 [26]
646871 34.0 [25]
80Se  14.0,14.5,15.0,15.5,16.0,17.0,18.0,19.0,20.0,23.0,26.0 [5]
¥Y  60.0 [27]
N7r 340 [21]
1168y 18.0,19.0,20.0,21.0,22.0,23.0,24.0,26.0,30.0,35.0 [28]
1208n  19.5,20.5,25.0 [29]
20.0,22.0,24.0,26.0 [30]
28.0,30.0,44.0 [31]
13¥Ba  21.0,22.0,23.0,24.0,28.0,30.0,32.0 [32]
52.0 [33]
Hce 520 [33]
2Nd  52.0 [34]
%Sm  21.6,22.1,22.6,23.0,25.0,27.0,29.0,30.0,32.0,35.0,40.8 [35]
52.0 [34]
208pp  27.0 [36]
29.0,33.0,39.0 [37]
42.0 [38]
52.0 [39]

angular distributions and reaction cross sections for 'Li is
detailed in Tables I and II.

In the present work, the elastic-scattering angular distri-
butions and reaction cross sections of 'Li are fitted with
the improved code APMN [11], which automatically searches
global phenomenological OMP parameters on the basis of the
improved fastest falling method [12] at incident energies below
300 MeV. All the potential parameter reasonable boundaries of
the varied region are given by some physical limitation before
the global phenomenological OMP parameters are automati-
cally searched. The best OMP parameters are optimized with
usual minimization of the Xz, which represents the deviation
of the calculated results from the experimental values. We first
get the x square for each single target and then obtain the
average value of total x square for all of the targets. The x/
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TABLEII. The reaction cross section database
for incident "Li.

Target Ref.
2TAl [14,50]
8g;j [51-54]
nat. Cu [55]
%“7Zn [56]
1168 [28]
138Ba [32]
208pp [37,57]

for each target at all energy points, here i and j, respectively,
indicate each target nucleus and each energy point, is defined
as follows:

el Ki je 2
o NZ 1 o 400 — 05 (60
YT Niel o Kije 1o A0 (6 j.6) ’
(10)
NLl'c . . 2
X-2 _ 1 Z O'it,l:e(]) - O'ie}(e(]) (11
N P Ao ()
The average value of total chi square x? is
b 1 al u/i,elXiz_el + ‘/Vi,reXfre
== : (12)
N i=1 "Vi,el + Wi,re

where N, and N; . are energy point numbers of the exper-
imental elastic-scattering angular distributions and reaction
cross sections for the ith nucleus. K ; . is the angle numbers of
the experimental elastic-scattering angular distributions. The
superscripts th and ex represent the theoretically calculated
value and the experimental value, respectively. o; j c1(6; j,x) and
o;re(j) are the elastic-scattering angular distributions for the
kth outgoing angle and reaction cross sections, as well as Ao
is the experimental error of corresponding data. W; ¢ and W; .
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 factors W; o, and W; ..
both are taken as 1. N is the number of the considered nuclei.

On the basis of the elastic-scattering angular distributions
in the mass range 27 < A < 208, as well as using the improved
optimization procedure, the global phenomenological OMP
parameters for the 'Li projectile are obtained and listed in
Table II1.

III. CALCULATED RESULTS AND ANALYSIS

In this section, we first analyze the global OMP for the "Li
projectile. Then, the elastic-scattering angular distributions and
reaction cross sections are calculated using the obtained global
phenomenological OMP for "Li in the target mass range 27 <
A < 208 below 200 MeV. These results are further compared
with the corresponding experimental data. Finally, the elastic-
scattering angular distributions and reaction cross sections are
predicted for those targets outside of mass range.

TABLE III. The global phenomenological OMP parameters for
"Li projectile.

Parameter Value Unit

Vo 181.658 MeV

Vi —0.0255

Vs —0.000627

Wo 40.506 MeV

W, —0.125

Uy 11.092 MeV

U, 0.317

U, —0.000223

IR 1.188 (A < 100) fm
1.238 (A > 100) fm

rs 1.182 fm

ry 1.593 fm

ag 0.852 fm

ag 0.869 fm

ay 0.598 fm

re 1.802 fm

The radial dependencies on the real part and imaginary part
of global OMP are calculated for different targets at incident
energies of 20, 100, 150, 200, 250, and 300 MeV. The results for
38Ni are displayed in Fig. 1. It is found that the depth of real part
potential decreases with increasing radius and incident energy.
The absolute value of imaginary part firstly increases and then
decreases with increasing incident radius. The contribution to
imaginary part of global OMP changes from the dominant
surface absorption into the volume absorption with increasing
incident energy.

Another important quantity in the study of OMP is the
volume integral of potential. The volume integral per nucleon
of OMP is defined as

Jy = Vr(E,F)dr, 13
P f R(E.F)dF (13)
| ] o
= f [Ws(E.F)+ Wy(EPIdF,  (14)

A, Az

where A, and Ar are the mass numbers for projectile and
target, respectively.

The "Li volume integrals per nucleon of real part and imag-
inary part are calculated through our global phenomenological
OMP for different targets. Figure 2 shows the results for Ni. It
is observed that the volume integral per nucleon of real part Jy
decreases with increasing incident energy. However, the total
absorption volume integral per nucleon Jy and the volume
absorption per nucleon Jy, increase with increasing incident
energy. The volume integral per nucleon of surface absorption
Jw, decreases as the projectile energy increases.

So far, a large number of the elastic-scattering angular dis-
tributions have been measured for the reactions induced by ’Li.
First, we calculate the elastic-scattering angular distributions
using the "Li global OMP for different targets at the same
incident energies. These results are further compared with the
existing experiment data.
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FIG. 1. The radial dependence of our global OMP at incident
energies of 20, 100, 150, 200, 250, and 300 MeV for **Ni. (a) the
real part; (b) the imaginary part.

Figure 3 presents the comparisons with the experimental
data in the Rutherford ratio at incident ’Li energies 34.0 MeV. It
is observed that this potential reproduces the elastic-scattering
angular distributions data [19,21,25] well for 4.48Cq, SOFe,
38,60.62j, 6487717 and P07Zr targets. For 40Ca, there are two sets
of experimental data [19,21]. The calculation is in somewhat
good agreement with the experimental data from Ref. [21],
and it slightly underestimates the data from Ref. [19] above
100 deg. In the same figure, the elastic-scattering angular
distributions for light targets ' B, 121°C, and >*Mg predicted by
the "Li global OMP are also presented. From the figure, one can
see that the good agreements with the experimental data [40—
42] are obtained except for 'B and '>!3C above 50 deg, where
the predictions are smaller than the experimental data [40,41].
The disagreement could be from the neglect coupling effect
between the elastic channel and other reaction mechanisms
for these light targets. The calculations in the backward-angle
area may be improved if the « cluster and sequential transfer
reactions, as well as unconsidered contributions of inelastic
channels were taken into account in the calculations [43,44].
Moreover, more significant influence from the nuclear structure

250
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-Jy (MeV fmd)

1005 I L

0 10 200 300
E (MeV)
T OO (b)

200/

-Jyy (MeV fm?)
o
T ,.o. —
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FIG. 2. Comparison between volume integrals of per nucleon for
3N target calculated by using the "Li global OMP (solid curve)
(a) the real part Jy; (b) the imaginary part Jy .

effect may present for these light targets. This aspect needs to
be investigated further.

The elastic-scattering angular distributions at incident "Li
energies 52.0 MeV are calculated for '**Ba, *°Ce, '*’Nd,
144Sm, and 2%8Pb. The results are shown in Fig. 4. By com-
parison with the experimental data, the reasonable agreements
with the data [33,34] are obtained for '3¥Ba, 14°Ce, '4°Nd, and
144Sm. The calculation slightly underestimates the data [39]
for 2%Pb at above 60 deg. For the disagreement, it should be
further verified by some new experimental data.

In addition, the elastic-scattering angular distributions at
incident "Li energies 88.7 MeV are also calculated for “>*3Ca.
The satisfactory agreements between the calculations and
experimental data [20] are presented in Fig. 5. In the figure, the
elastic-scattering angular distributions for light targets >**Mg
are also predicted. One can see that the good agreements with
the experimental data [20] are obtained for 26Mg, while there
is slight overestimation at above 40 deg for >*Mg.

Then, the elastic-scattering angular distributions for the
same target at different incident energies are calculated by the
obtained "Li global OMP.
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FIG. 3. Calculated elastic-scattering angular distributions in the
Rutherford ratio compared with the experimental data [19,21,25,40—
42] at incident "Li energies 34.0 MeV.

Figure 6 shows the comparisons with the experimental data
[13,14] for 2’ Al. The good agreements are obtained with the
experimental data [14]. The calculations are also in agreement
with the experimental data from Ref. [13] except for those of
the incident energies 11.0 and 14.0 MeV, where there is a slight
underestimation above 70 deg.

The calculations of elastic-scattering angular distributions
are also compared with the experimental data [15-18] for 23Si
in Fig. 7. They are slightly smaller than the experimental data
[15] above 100 deg, as is shown in Fig. 7(a). However, in
Fig. 7(b), the good agreements with the different experimental
data [16—18] are obtained below 177.8 MeV.

E=52.0 MeV

8c.m. (deg)

FIG. 4. Same as Fig. 3, but for 52.0 MeV [33,34,39].

In Fig. 8, the elastic-scattering angular distributions are
calculated by the global "Li OMP for *Fe at incident energies
36.0,42.0,and 48.0 MeV. The results in the Rutherford ratio are
further compared with the experimental data [21]. The close
agreements between them are achieved within the experimental
error. Additionally, the elastic-scattering angular distributions
for >®Ni are also compared with the experimental data [21-24]
from 14.22t042.0 MeV, which is shown in Fig. 9. The excellent
agreement are also obtained.

In Fig. 10, the elastic-scattering angular distributions for
80Se at incident energies from 14.0 to 26.0 MeV are displayed.
The comparison between the calculations and the experimental
data [5] reveals the reasonable agreement.

10+1 ¢
10%0
107 |
102 |
103 ¢
510-5
g 100
107 |
108 ¢
109 ¢
1010

E=88.7 MeV

10—1 L | PR Liveiviie: Livereoiry Leiveviiey Loisvivyd
0 20 40 60 80 100
8c.m. (deg)

FIG. 5. Same as Fig. 3, but for 88.7 MeV [20].
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FIG. 6. Calculated elastic-scattering angular distributions in the
Rutherford ratio compared with the experimental data [13,14] for
27

Al

Moreover, the elastic-scattering angular distributions for
some targets are measured at single incident energy. The
elastic-scattering angular distributions for ®*Cu are calculated
and compared with the corresponding experimental data [26]
at incident energies 25.0 MeV, which is shown in Fig. 11. In
Fig. 11, the comparisons with the experimental data [27] for
89Y at incident energies 60.0 MeV are also presented. One can
see that good agreements are obtained.

The elastic-scattering angular distributions for ''°Sn at
incident energies from 18.0 to 35.0 MeV are also analyzed.
The comparisons with experiment data [28] are shown in

+1 -
1077 Li+28si (a)
10%0

T B0 MoV Tttt

T ST T e
10%% 50 10 150
8c.m. (deg)
1041 ¢
? Li+28si (b)

s , E=11.5 MeV
AAA‘

T T L e
107% 50 100~ 15
6c.m. (deg)

FIG. 7. Same as Fig. 6, but for 28Si [15-18].

Fig. 12. It gives a slight underestimation of the experimental
data [28] at incident energies from 21.0 to 26.0 MeV above
100 deg. At the other incident energies, good agreement is
observed. Furthermore, we also calculate the elastic-scattering
angular distributions for '2°Sn and compare with the latest
experimental data [29-31]. However, it is clear from Fig. 12
that the calculations are in excellent agreement with the
experimental data at incident energies from 19.5 to 44.0 MeV.

In Figs. 13 and 14, the elastic-scattering angular distribu-
tions for '**Ba and '**Sm are also obtained by the "Li global
phenomenological OMP. The comparisons with experiment
data [32,35] are performed for them. From these figures, one
can see that this potential reproduces the elastic-scattering
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FIG. 8. Same as Fig. 6, but for >*Fe [21].

angular distributions data [32] well for 133Ba at incident
energies from 21.0 to 32.0 MeV. The calculations are also
in good agreement with the experimental data for '**Sm at
incident energies from 21.6 to 35.0 MeV, while the theoretical
curve underestimates experimental values [35] at incident
energies 40.8 MeV above 70 deg.

1071F TLis%Ni
10*0 | . E=14.22 MeV
107 |
102 |
103 |
104 |
510 |
o F
106
3107 |
108
109 ¢
10—10
101}
102
0 50 10 150
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FIG. 9. Same as Fig. 6, but for *Ni [21-24].
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'MHW
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FIG. 10. Same as Fig. 6, but for *Se [5].

The calculations of elastic-scattering angular distributions
for 2®Pb are compared with the experimental data from
27.0 to 42.0 MeV in Fig. 15. It can be observed that the
calculated results well reproduce the experimental data [36,38]
at incident energies 27.0 and 42.0 MeV. But the calculations
underestimate the experimental data [37] at 33.0 MeV above
100 deg; unexpectedly they overestimate the data from the
same experiment at 39.0 MeV.

Li+%cu

E=25.0 MeV

0 50 10 150
6c.m. (deg)

FIG. 11. Same as Fig. 6, but for Cu and Y [26,27].
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FIG. 12. Same as Fig. 6, but for ''°Sn and '?°Sn [28-31].

Furthermore, the elastic-scattering angular distributions for
some targets are measured at the same incident angle with
different incident energies. The comparisons between the

10%1¢ Li+'3%Ba

10+0: E=21.0 MeV
;—.—'—GCW
g 22.0

10
8c.m. (deg)

FIG. 13. Same as Fig. 6, but for 1**Ba [32].

optical model calculations and corresponding experimental
data are made for different targets.

In Fig. 16, it can be seen that the "Li OMP gives a good
description of experimental data [45,46] in the error range for
27 Al at incident angles 140.0 and 165.0 deg. Up to now, there
have been three sets of experimental data [47—49] for 170 deg.
The calculated angular distributions at 170 deg are consistent
with the experimental data [47,48] below about 8 MeV, while
they underestimate the experimental value [49] above 8 MeV.
Moreover, some experimental data at the other incident angles
are given in Ref. [49] and the calculations are also compared
with the corresponding data. The results are shown in Fig. 17.

The elastic-scattering angular distributions for 23Si and *3Ti
are also compared with the experimental data [45,47,48] at 140
and 170 deg, as shownin Fig. 18. A good agreement is observed
in the error range.

It is well known that the reaction cross section calculated
with the optical model is important for the evaporation part of
intranuclear cascade models and semiclassical pre-equilibrium
models. All these nuclear models for the nonelastic channels
rely on various ingredients, such as discrete level schemes,
level densities, gamma-ray strength functions, fission barriers,
etc. Partial wave analysis of elastic-scattering angular distribu-
tions results in sets of phase shifts that also uniquely determine
the reaction cross sections. So, the reaction cross sections are
also calculated by our global OMP for different targets and
they are further compared with the corresponding experimental
data.

In Fig. 19, the reaction cross sections for 2’Al and 28Si
calculated by the obtained "Li global OMP are presented as
well as the experimental data [14,50-54]. For 2TAl, only the
experimental data at the incident energies below 30 MeV are
available and a good agreement is obtained with the calcula-
tions. For 28Si, the calculations of reaction cross sections are
also consistent with the experimental data below 20 MeV and
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FIG. 14. Same as Fig. 6, but for '**Sm [35].

150

those of above 200 MeV are also measured. The prediction is
in good agreement with the corresponding experimental data
[51].
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FIG. 15. Same as Fig. 6, but for 2%Pb [36-38].
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FIG. 16. Calculated elastic-scattering angular distributions in the
Rutherford ratio at the same incident angle compared with the
experimental data for 2’ Al [45-49].

Figure 20 shows the reaction cross sections calculated by the
global OMP for ®*%°Cu and ®*Zn. There are no experimental
data of reaction cross sections for ®+%3Cu. We compare the
results with the experimental data [55] of the ™-Cu target.
The reasonable agreements are achieved above 200 MeV for
63.65Cy, while they are smaller than the data from the same
experiment at incident energies about 160 MeV. For %Zn,
it only has experimental data at incident energies 20.0 and
22.0 MeV. From the figure, it can be seen the calculations are
also in excellent agreement with the experimental data [56].

The results of reaction cross sections for ''°Sn and '**Ba
are calculated by the global OMP. The comparisons with the
experimental data [28] are shown in Figs. 21 and 22. One can

10*1
10+0§
101 |
102 |

103 |
£104 |

Li+2Al

Angle=28.0 deg

10 |
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10—11'

&
]
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FIG. 17. Same as Fig. 16, but for other incident angles [49].

014615-9



XU, HAN, HU, LIANG, WU, GUO, AND CAI

PHYSICAL REVIEW C 97, 014615 (2018)
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FIG. 18. Same as Fig. 16, but for 23Si and *3Ti [45,47,48].

see that the results are consistent with the experimental data for
both targets. Furthermore, the reaction cross sections for 2% Pb
are also compared with the corresponding experimental data
[37]. The good agreements are shown in Fig. 22. Moreover, the
experiment from Ref. [57] measured the reaction cross sections

Li+2 Al

T

2000}

Or (mb)

1000f

2000

or (mb)

FIG. 19. Comparison between the optical model calculation and

experimental data [14,50-54] of 7Li reaction cross sections for 27 Al
and 28Si.
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FIG. 20. Same as Fig. 19, but for "*Cu and %Zn [55,56].

for "-Pb at incident energies 343 MeV. The comparisons be-
tween the predictions and the experimental data are performed
for 2%Pb. The good agreement is presented in Fig. 23.

E 7 :,116
3000;_ Li+ "°Sn
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FIG. 21. Same as Fig. 19, but for ''Sn [28].
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FIG. 22. Same as Fig. 19, but for '**Ba [32].

From the above figures, it is revealed 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.

Finally, the observables in the target mass range 7 < A <
26 are further predicted at incident energies below 200 MeV.
The comparisons of elastic-scattering angular distributions for
Be, '2C, and '°0 with the experimental data [17,41,58—67]
are shown in Figs. 24 to 26. From these figures, the reasonable
agreements can be found between them for '2C at incident
energies from 7.5 to 131.8 MeV. For ?Be and !0, there are
some discrepancies at some incident energies. It could be that
some special reactions are not considered in the calculations
for these lighter targets, such as the compound nucleus elastic
scattering angular distributions, etc.

The calculations of elastic-scattering angular distributions
for those targets in the mass range 209 < A < 239, that is
actinide nuclei, are also predicted by the "Li global OMP. In
Fig. 27, the elastic-scattering angular distributions for **Th
are compared with the experimental data [68] from 24.0 to
44.0 MeV. A good agreement is also observed between them.

Li+208%pp

FIG. 23. Same as Fig. 19, but for 2%Pb [37,57].
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FIG. 24. Comparison between the optical model prediction and
experimental data [58,59] of "Li elastic-scattering angular distribu-
tions for *Be.

do/d

Moreover, the reaction cross sections for some lighter tar-
gets are further predicted and compared with the experimental
data below 200 MeV. Figure 28 gives the comparisons of

10*1 ¢
10%0}
101 |
102 |
103 |
g 105
810° m
107 £
108 |
109 |
10710;

7Li+1 2C
E=7.5 MeV

T | T S B
10" 50 70 150
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FIG. 25. Same as Fig. 24, but for '2C [17,41,60-64].
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FIG. 26. Same as Fig. 24, but for '°0 [17,65-67].

reaction cross sections predicted by the obtained "Li global
OMP with the corresponding experimental data [58] for '*C
at incident energies 63.0 and 130.0 MeV. The satisfactory
agreements are shown. Similarly, the reaction cross sections
for °Be also agree with the corresponding experimental
data.

Li+2321h
E=24.0 MeV

0 50 10 150
6c.m. (deg)

FIG. 27. Same as Fig. 24, but for 2*2Th [68].

2000;

7Li+1 3c

FIG. 28. Comparison between the optical model prediction and
experimental data [58] of "Li reaction cross sections for '*C.

IV. SUMMARY AND CONCLUSIONS

We present a new set of 'Li global OMP parameters for
the mass range of target nuclei from 27 to 209 at incident
energies below 200 MeV by simultaneously fitting the ex-
perimental data of elastic-scattering angular distributions and
reaction cross sections. The comparisons and analysis are
made between the calculation results and experimental data.
Good agreement are obtained over the whole energy range.
The predictions are also performed for the mass number of
targets nuclei A < 27 and the actinide nuclei. A comparison
with the experimental data shows that the predictions are also
reasonable for actinide nuclei. The results of elastic-scattering
angular distributions for some light targets slightly under-
estimate the experimental data in backward-angle area. The
performed calculations reveal that the obtained ’Li global OMP
will be significant to investigators making systematic studies
for nuclear model calculations and experimental analysis
involving weakly bound nucleus Li scattering, especially for
the breakup or transfer reactions. To improve the results of the
light nuclei, the best-fit OMP for them will be extracted in the
next work. Moreover, the threshold anomaly at energies around
the Coulomb barrier was studied for the reactions involving
weakly bound projectiles in recent years. The presence of the
behavior is shown that the breakup and transfer process is a
very important open channel at energies around or below the
Coulomb barrier. In the future work, the threshold anomaly
will be discussed by the dispersion relation in detail and the
other reaction mechanisms will also be further studied for the
reactions involving "Li projectile.
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