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Abstract

The elastic scattering angular distributions for the system TLi + %Ni were measured in the bombarding
energy range of 12 MeV < E;,; < 26.4 MeV. A phenomenological optical model analysis was performed
for the measured data. The strengths of the fitted potential components at the surface were estimated to
extract their variation with energy. Further analyses of the measured angular distributions were performed
with a hybrid potential composed of a renormalized folded real and a phenomenological imaginary po-
tential. Both the model potentials predict similar energy dependent behavior for the effective interaction
potential around the barrier. Unlike the heavy targets, 7Li + %4Ni does not show a normal threshold behav-
ior. It also does not clearly exhibit a behavior similar to OLi + %*Ni. The real potential for TLi + %*Ni does
not exhibit any significant energy dependence and the imaginary potential strength remains almost indepen-
dent of energy above the Coulomb barrier (~ 14 MeV). However, at energies below the barrier, a sudden
drop in the imaginary potential strength is observed.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Breakup of one of the colliding partners in heavy-ion collision influences the scattering or the
reaction processes in a manner not observed in collisions of strongly bound nuclei. Manifestation
of the coupling of relative motion to breakup or breakup like channels are varied. It depends upon
the breakup threshold of the projectile, the structure of its continuum and also on the mass of the
target nucleus. It has, therefore, been the subject of extensive investigations over the last few
decade [1-11].

One of the most important features of breakup coupling is its effect on the behavior of interac-
tion potential describing the elastic scattering of weakly bound projectiles at energies close to the
Coulomb barrier. For weakly bound nuclei it has been shown that the coupling of elastic channel
to the channels with excitations above the breakup threshold produces a repulsive real dynamical
polarization potential (DPP) [12,13]. This is contrary to the attractive real dynamical polarization
generated due to coupling of elastic channel with the bound excited states of the systems. The
latter behavior is well known as normal threshold anomaly (TA) [14]. The repulsive nature of
the DPP due to breakup coupling is, therefore, responsible for the disappearance of TA for the
weakly bound projectiles.

The weakly bound stable Li-isotopes, oLj (Se = 1.47 MeV) and "Li (S, = 2.47 MeV), have
widely been used to probe the influence of breakup on the near barrier energy behavior of the
potential. Studies involving °Li nucleus, with a predominant two-body & + d cluster structure,
show that normal threshold behavior does not appear for this projectile irrespective of whether it
is incident on a heavy or a light target [3,4,6-8,15-18].

The projectile "Li, the other loosely bound stable Li-isotope, appears to behave differently
with the changing mass of the target. With heavier targets, like 2°8Pb [3], it was found that the
interaction potential exhibits TA. It was argued that, unlike °Li, for ’Li projectile the real dynamic
polarization potential resulting from the coupling to the « + ¢ continuum is less repulsive in the
surface region [19] and the absorption process at low energies is dominated by fusion reaction.
However, the behavior changes as the target mass is decreased. For instance, threshold anomaly
of any kind, TA or breakup modified TA, was not observed for Li + **Sm system [20]. Two
different inferences were reached for 'Li + 138Ba system. While Maciel et al. [4] concluded from
their phenomenological optical model potential analysis of “Li + 33Ba elastic scattering that the
system exhibits TA. A later analysis by Gomes et al. [21] with parameter free Sao Paolo potential
indicated the absence of TA. The conflicting conclusions could be due to lack of sufficient data
to extract the energy dependence of effective potential. Investigation of "Li + '19Sn yielded a
potential behavior that is independent of incident energy [22] corroborating the observation of
Ref. [21] for "Li + 13¥Ba. With the target mass decreasing further, for "Li 4 80Se [23] and for
"Li + °Co [24], the observations indicate that the systems tend to show the TA. For still lighter
systems like 27 Al, Figueira et al. [25] found that no threshold anomaly exists for TLi + 27 Al, but
for "Li + 28Si [6] no such conclusion could be reached.

Thus the threshold behavior of the effective potential describing the elastic scattering of "Li
does not display a consistent evolution like °Li. The behavior of the effective potential for scat-
tering of °Li is dominated by the breakup of the projectile whereas the same for ’Li appears to
undergo a distinct change as the target mass decreases.

We present in this paper our investigation of the energy variation of the components of effec-
tive potential describing the elastic scattering of "Li projectile from the target ®*Ni at energies
around the Coulomb barrier. The motivation is to see how the energy dependence of the potential
for 7Li 4+ %*Ni unfolds near the barrier — whether the behavior complies with the observations
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for the targets in this mass region or it shows an energy independent behavior like those for the
targets '**Sm, '38Ba and !'Sn. A comparison with the observed behavior of the potential for
®Li scattering from the same target in almost the same energy domain will also be performed.
The particular interest stems from the fact that the stripping channel (’Li, °Li) has a Q-value of
—1.152 MeV while the channel (°Li, SLi) has a Q-value of +0.434 MeV with ®*Ni target. The
details of the experiment have been given in Section 2. The method of analysis and the extraction
of the energy dependence of surface strengths of the potential components are given in Section 3,
which is followed by the section with the results and discussions. Finally we summarize our work
in section 5.

2. Experimental details

The experiment was carried out at the Pelletron Linac facility in Mumbai, India. A self-
supporting target of ®*Ni, prepared by electron beam evaporation from 99% enriched metallic
powder, was used for the present experiment. The thickness of the target was estimated to be
376 ug/cm? using the o energy loss method. The target was bombarded with “Li beam from
the pelletron at energies of 12, 14.3, 15, 16, 19.3 and 26.4 MeV. The beam current during the
experiment was varied from 1 to 12 pnA. The outgoing particles were detected by four E — AE
telescopes with conventional silicon surface barrier detectors placed on a rotatable arm at an an-
gular separation of 10°. Two of the telescopes with 15 pm, 25 um thick AE detectors and 500 pum,
3 mm thick E detectors were set to detect the scattered particles at forward angles. Two similar
set of telescopes were placed at backward angles. The solid angles subtended by the telescopes
at the target center were 0.097, 0.081, 0.186 and 0.144 msr, respectively. Two monitor detectors
of thickness 2 mm and 3 mm fitted with special 1 mm¢ Tantalum collimators were mounted at
+15° about the beam axis at a distance of 40.7 cm from the target center. These two detectors
were used to monitor the beam position and also for the purpose of normalization. The calibra-
tion runs were taken with a standard 2*°Bi target after each energy change. Using the Rutherford
scattering cross sections for ’Li incident on 2%?Bi at lower energies, the detector solid angles and
the relative normalizations between the telescopes were determined. The statistical error in the
data is less than 2% in the forward angles and a maximum of 30% in the backward angles. The
data were recorded using the data acquisition system LAMPS [26].

A representative spectrum for 7Li 4+ ®*Ni scattering at incident energy of 26.4 MeV for an
angle close to the quarter point angle of 46° is shown in Fig. 1. Overall energy resolution achieved
in the present experiment is about 190-260 keV for the range of incident energies used. The
inelastically scattered 'Li* (E* = 478 keV) could be separated from the elastically scattered
"Li. At the lowest energy in the back-angle region, the FWHM of the elastic peak is further
worsened. However, the inelastic contribution being very small compared to the elastic, the peaks
of scattered "Li at lower energies comprised purely of elastic events.

3. Analysis

Optical model (OM) analysis was carried out using three different model potentials. Firstly,
the angular distribution data of "Li + %*Ni were analyzed with the phenomenological OM poten-
tials. Parametric Woods—Saxon (W-S) forms were used for both the real and imaginary potential
components of the OM potential. In one of the phenomenological model calculations, the ge-
ometry parameters of the potential components were varied with energy while in the other the
same were kept fixed at suitable values for all the incident energies. Subsequently, the data were
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Fig. 1. Spectrum of TLi scattering from 64Ni at incident energy of 26.4 MeV and laboratory angle of 46°.

further analyzed with a ‘hybrid’ potential consisting of renormalized folded real and parametric
volume-type W-S imaginary components. The use of different model potentials was intended to
make the extraction of the secondary data, the potential strengths at the radius of sensitivity as a
function of energy, independent of the choice of model potential.

3.1. Phenomenological OM analysis

The phenomenological OM potential has the following form

Uom(R) =V (R; Vy, Ro, a0) + i[Wr(R; Wy, RF,ar) + Wp(R; Wy, Ry, ay)] 1

where V (R) denotes the volume type W-S real potential, Wr (R) is a volume type W-S imaginary
potential describing the core fusion part and Wp(R) is a derivative type W-S imaginary potential
to account for the absorption due to reactions occurring at the surface region. The parameters V,,,
W, and W; are the strengths of the respective potentials with R’s and a’s denoting the radius and
diffuseness parameters, respectively. The potential Wr with the parameters W, = 50.0 MeV,
Rr=1.0x (AIT/3 + A}Dﬂ) fm and ar = 0.25 fm simulates the ingoing wave boundary condi-
tion yielding the core fusion after the penetration of the barrier and was kept fixed for all the
incident energies. The best fit parameters for ®Li + %*Ni at 26 MeV from Ref. [15] were used
as the starting parameters for 'Li + %*Ni at 26.4 MeV. Search was performed over the param-
eters Vy, ap, Wy and ay, changing the real and surface imaginary radii in small steps using the
code SFRESCO [27]. After optimizing the radius parameters at the highest energy, 26.4 MeV,
the respective radii were kept fixed during the search for best fit parameters at lower bombard-
ing energies. The search was then performed over the remaining parameters, i.e., Vo, ag, W;
and a,, simultaneously at each incident energy using the 26.4 MeV parameters as the starting
set. The best fit parameters, the minimum x2/N (N denotes the number of data points) values
and the corresponding reaction cross sections o, are shown in Table 1. The errors associated
with the reaction cross sections correspond to the limiting values of the reaction cross sections
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Table 1
Best fit parameters with phenomenological potential for 7Li + %Ni.
Ejap Vo Ry ap Wy Rs ds Xz/N or
(MeV) (MeV) (fm) (fm) (MeV) (fm) (fm) (mb)
12.0 39.34 6.0 0.801 0.86 7.4 0.931 0.12 41.0313 77
14.3 47.12 6.0 0.782 1.99 7.4 0.907 0.86 43357130
15.0 40.20 6.0 0.763 2.20 7.4 0.894 1.36 536.87)3
16.0 43.84 6.0 0.743 2.10 7.4 0.884 0.89 66317202
19.3 48.77 6.0 0.742 224 7.4 0.868 1.03 1060.2750-7
26.4 69.12 6.0 0.704 3.21 7.4 0.776 0.73 15453184
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Fig. 2. (Color online.) Elastic angular distributions of 7Li 4 %Ni. The solid and dotted lines represent the predictions of
phenomenological and hybrid model potentials respectively.

for the x2 = X}iin + 1 condition. The best fits model angular distributions are shown by solid
lines in Fig. 2.

3.2. OM analysis with folded potential

The data were further analyzed using a hybrid model potential with the double-folded real
potential, V¢ generated from the density-dependent M3 Y-Reid nucleon—nucleon interaction [28,
29] and a phenomenological volume type imaginary W-S potential

Uom(R) =1 Vy(R) +iWy(R; Wy, Ry, aw). 2
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Table 2

Best fit parameters with hybrid potential for 7Li + 64N

Ejap Ar Wo Ry ay x2/N or

(MeV) (MeV) (fm) (fm) (mb)

12.0 0.58 3.65 6.80 0.947 0.12 4091343
14.3 0.59 13.57 6.80 0.927 0.85 442.617203
15.0 0.49 14.26 6.80 0.916 138 538.37,40
16.0 0.48 14.83 6.80 0.892 0.96 66531397
19.3 0.54 17.52 6.80 0.856 111 10634773
26.4 0.55 20.64 6.80 0.830 0.94 1559.97805,

The density dependence of the interaction was included following the DDM3Y convention [30]
as

F(p) =C[1 + aexp(—pp)] 3)

where C = 0.2845, @ = 0.6391 and 8 = 2.9605 fm>. A linear energy dependent part of the form
g(E) = (1 —0.002F) was incorporated to take into account the intrinsic energy dependence of
the interaction [29]. The mass density distribution of %4Ni was taken from Ref. [31]. The para-
metric form of 7Li charge density was taken from Ref. [32]. The charge density is subsequently
unfolded for finite proton distribution to get the point proton distribution. To obtain total den-
sity of "Li, it was assumed that both proton and neutron densities have same radial distribution.
Hence, the total density for 'Li was determined by normalizing the proton density distribution to
A=T.

In this model potential, the real part has a fixed geometry with only the renormalization factor
A, to vary while the geometry of the imaginary part can be varied freely. The energy dependence
of the imaginary radius, R,,, was assumed to be negligible and was kept fixed from the fit to
the highest energy angular distribution data. Search was subsequently performed by varying the
three parameters A,, W, and a,, simultaneously. The best fit parameters along with the x2/N
values and the reaction cross sections, o;, are given in Table 2. The normalizations, A, ~ 0.5 for
real folded potential, obtained in the present case, are in contrast to the case of TLi + 208pp [3]
but are similar to those found for "Li + 28Si [6] and "Li + !38Ba [6]. The errors associated with
the reaction cross sections were estimated in the same way as described earlier. The predictions
with the best fit hybrid model potential for "Li 4+ %*Ni are shown in Fig. 2 by dotted lines.

3.3. Radius of sensitivity and threshold behavior

To probe the real and imaginary potentials as functions of energy in the vicinity of the barrier,
it is important to identify the radial region of sensitivity of the potentials, i.e., the region where
the potentials are best determined by the elastic scattering data. In order to find the radius of
sensitivity, Ry, or the crossing radius, we adopted the procedure described in Ref. [33]. At each
energy, a grid search on the diffuseness with a free search on the strength of the potential was
performed, keeping the radius fixed. The procedure leads to a set of good potentials producing
equivalent fits to the data at allowable x2 values. These ‘good’ potentials cross each other within
a narrow radial region, indicating the R; for the given set of data. The radius of sensitivity varies
with incident energy. The mean radius of sensitivity (Rjs) over the bombarding energy range
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Fig. 3. (Color online.) Energy dependence of real and imaginary components of the effective potentials of TLi + ®Ni.
Open circle corresponds to phenomenological potential while solid squares represent the hybrid potential. Solid triangles
in the figure depict the prediction of potential with geometries fixed. The potential values were determined at mean radius
of sensitivity, Ry; = 9.8 fm.

of the present study has the value 9.8 fm. The real and imaginary potentials at 9.8 fm from the
phenomenological and the hybrid models for the system ’Li + %*Ni are shown in Fig. 3 as a
function of E.,,./Ecp. where Ec . (= 12.44 MeV) is the Coulomb barrier of the system. The
error bars with each points in the figure include the distribution in the values of different good
potentials and the uncertainty associated with the radius of sensitivity value. In the figure, the
third plot corresponds to a phenomenological potential where the real and imaginary geometry
parameters were independent of energy and only the strengths were varied to obtain the best
fit at each energy. The radius and diffuseness of real and imaginary components of the best fit
potential for 19.3 MeV incident energy were used for the fixed geometry potential. Three differ-
ent model potentials, viz, the phenomenological potential with energy dependent geometry for
real and imaginary components, hybrid potential with fixed geometry real and variable geometry
imaginary and the fixed geometry real and imaginary phenomenological potentials, fitting the
angular distributions produce very similar dependence on energy at the region of interest.

A closer look at Fig. 3 shows that the imaginary component decreases below the barrier but
above the barrier the imaginary strengths at different incident energies are almost constant. Even
the absorption remains high close to the barrier energy. On the other hand, over the measured en-
ergy values, the real potential strength V(Rjs) remains constant within the error bar but exhibits
a tendency to increase at the barrier energy.

As Ry is found to be energy dependent and a degree of uncertainty is associated with its
value at each energy, we employed the method described by Brandan et al. [34] to look for the
dispersion relation between the observed energy behaviors of the real and imaginary components
of the optical potential. We have plotted the volume integrals per interacting nucleon pair of the
best fit phenomenological potential, weighted by a Gaussian function G (R) of the form

(R— RG)2]

1
G(R) = ex |:—
V2mog P 20672

“4)
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Fig. 4. (Color online.) Gaussian weighted volume integrals of phenomenological real and imaginary potentials for TLi +
64Ni system (solid square) and the same for OLi + %4Ni with hybrid potential (open circle) from Ref. [15]. The solid and
dotted curves represent the dispersion relation predictions for TLi + ®Ni system [Ecp. = 12.44 MeV, Rg = 9.8 fm
and oG = 0.4 fm] using two different energies as zero absorption cross section, respectively, see text for details. The
dashed curves indicate the same for ®Li 4+ %*Ni system [Ec p. = 12.61 MeV, Rg =9.8 fm and o = 0.6 fm] [15].

centered around an optimum radius Rg with a width of o, as a function of incident energy. The
volume integrals are, therefore, defined as

Gy (E) = % x(R, E)G(R)R%dR (5)

where x denotes either the real potential V (R, E) or the imaginary potential W (R, E) for the
respective integral quantity. It was shown in Refs. [35,36] that the radial moments of the compo-
nents of the complex optical potential satisfy the same dispersion relation that connects the real
and the imaginary parts of the potential. For "Li 4+ %*Ni, Rg was chosen to be 9.8 fm, the value
of Rys. The choice of o was guided by the uncertainty associated with the estimated radius of
sensitivity and it was taken to be 0.4 fm. The Gaussian weighted integral quantities, Gy (E) and
Gw (E), with the real and the imaginary components of the phenomenological optical potential
for Li + %*Ni system are plotted in Fig. 4 as a function of E.,, /Ec.p.. The error bars depict
the dispersion in the integral values of the ‘good’ potentials at each energy, evaluated around the
radius of Rg and with the width o¢. Following Fig. 3, it is obvious that any of the chosen model
potentials for "Li + %Ni system would give the same values for Gy and Gy within the error
bars.

The curves in Fig. 4 depict the dispersion relation predictions. A simple two linear segments
functional dependence of G (E) for "Li + %*Ni in the dispersion integral predicts the corre-
sponding energy dependence of Gy (E) shown in the figure. The dotted curve corresponds to the
segment obtained by connecting the last two measured energy points for ’Li + %*Ni. The zero
value of Gy, in this case, occurred at 10.8 MeV. The zero for the solid curve was determined,
following Stelson et al. [37], from the extrapolation of linear dependence of the function v/ Eo;
on E at low incident energies. The value of incident energy where Gy goes to zero for the latter
choice was found to be 8.8 MeV. For both these cases, the predicted behavior of the real potential
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exhibits the well known bell shape dependence in the energy region over which Gy goes to zero.
But the peak of the bump occurred at lower energy beyond the Coulomb barrier energy. A sharp
fall of the imaginary potential below the barrier yielded a narrower bump in the real potential
and the behavior describes the extracted energy dependence (solid square) better in that energy
domain though neither of them describe the data properly. The open circle and the dashed curve
represent the energy dependence of Gaussian weighted volume integrals for the potential com-
ponents and the corresponding predictions of dispersion relation for °Li 4+ ®*Ni system taken
from M. Biswas et al. [15]. In Ref. [15], gauss folding was performed with the hybrid model
potential having folded real and phenomenological imaginary potential components. It is to be
mentioned that with folded real potential, the Gy values obtained for °Li + %*Ni are higher in
magnitude than those obtained with phenomenological real potentials. With the empirical optical
model potentials of Ref. [15], the resultant Gy values from gauss folding are close in magnitude,
especially at above barrier energies, to those for “Li + %Ni system of the present study. As
depicted in Fig. 2 of Ref. [15], the magnitudes of phenomenological real potential strength are
lower in magnitude compared to the strengths of the folded real potential at the sensitive radius
for all the measured energy values. However, the two model real potentials exhibit similar en-
ergy dependence. The ambiguity is not observed in the strengths of imaginary component the
model potentials or the corresponding G values for ®Li + %*Ni. The comparison of the integral
quantities, particularly the Gy values close to the barrier, therefore, indicates the influence of
weaker binding of ®Li over "Li in the energy variation of the effective potential for scattering
with ®Ni.

3.4. Radial distribution of absorption cross section

To gain further insight, the radial distribution of the total absorption cross section o, was
computed as a function of radial separation, R of the colliding nuclei at each incident energy. If
W(R) represents the imaginary component of the optical potential generating the absorption at a
particular energy and xz (R) is the scattering wave function generated by the potential for partial
wave L, total reaction cross section, o;,, can be written as [38],

o0 oo

8
or =/Ur(R)dR=/ [—mW(R)XL:(ZL-H)IXL(R)IZ} dR (6)

0 0

The radial absorption cross section o, (R) is, therefore, defined by the integrand of the integral
expression on the right hand side of Eq. (6). In the expression, k and v are the instantaneous
momentum and relative velocity.

The radial distributions at each energy for 'Li + ®*Ni system were generated with the best fit
phenomenological potentials given in Table | and the plots are shown in Fig. 5 (a) and (c). The
upper panel shows the distribution for the total absorptive potential while the lower panel shows
the contributions of the volume and surface imaginary potentials separately. The peak of the sur-
face absorption shifts to higher radius with lowering of the incident energy indicating absorption
at large separation at lower energies. The feature corroborates the increasing crossing radius of
total imaginary potential with decreasing energy. The peak of the distribution of absorption due
to the volume term, describing the core fusion, does not shift which is expected as the volume
imaginary component is fixed for all energies. However, it is to be noted that for "Li + %*Ni
system the two contributions dominating at different spatial regions are clearly separated. The
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Fig. 5. (Color online.) Radial distributions of absorption cross sections for TLi + ®*Ni [(a)&(c)] and for OLi 4+ O4Ni
[(b)&(d)]. Radial distributions were generated with the phenomenological potentials. (a), (b) show the distributions of
absorption for total imaginary and (c), (d) depict the contributions of volume (smaller peak on the left) and surface
components of the imaginary potential separately at each energy. The solid lines in the lower panels indicate the locations
of the sensitive radii at the highest energies of the respective systems.

Table 3

Comparison of components of absorption cross sections at equivalent center of mass energies for 6.7Li 4+ 04Ni.

Ecm. TLi + ®Ni OLi + %4Ni

(MeV) or oS oY or oS oV
(mb) (mb) (mb) (mb) (mb) (mb)

23.8 1546.2 1314.7 231.5 1539.4 1460.1 79.3

17.4 1061.0 944 .4 116.6 980.8 928.4 524

12.8 434.5 415.7 18.8 389.0 384.3 4.7

integrated values of the radial distributions of surface (o) and volume (o,-V) absorptions are
shown in Table 3 in comparison with the total absorption cross section.

4. Results and discussions

In the study of “Li + ®*Ni system, the primary motivation, as outlined in the introduction, is
to look for the threshold behavior of the effective potential for ’Li scattered from a medium mass
target. The other aspect is to compare the observed behavior with that of ®Li scattering from
the same target. A distinction is expected because of higher breakup threshold and structural
difference of "Li from SLi.

It is observed from Fig. 3, that both the phenomenological (variable and fixed geometry)
potentials and the hybrid model potential fitting the angular distribution data equally well, ex-
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hibit similar energy variations for the effective strength of the potentials for "Li 4+ **Ni system.
Within the error bars, the model potentials yield nearly the same strength around the sensitive
radius. The surface strength of the imaginary potential remains almost independent of energy
in above barrier region and it falls sharply below the barrier. The fall off of imaginary poten-
tial strength is guided by a single energy point below the barrier. With more number of energy
points between the energy values of 14.3 MeV and 12 MeV, the lowest energy used, the fall
of imaginary potential can be obtained with greater certainty. The energy variation is similar to
the one observed for strongly bound systems, except that the fall off of imaginary potential with
decreasing energy does not start before the Coulomb barrier energy is reached. This indicates
the significant presence of open reaction channels even at energies comparable to the Coulomb
barrier. Consequently, the effective real polarization contribution through dispersive correction
gives an essence of TA like phenomenon with the bell-shaped peak being pushed to some lower
energy beyond the threshold of Coulomb barrier i.e. the threshold pushed towards lower energies
for "Li 4 %Ni system compared to strongly bound systems. Similar behavior of the interaction
potential has been reported for this mass region in "Li + °Co [8] and in "Li + 80Se [23]. The
consistent picture evolving for this mass region differs from those observed for "Li scattering
from heavier target masses. The energy dependence of the interaction potential near the barrier
for 7Li + 298Pb [3] shows TA, like the strongly bound systems with the barrier as the threshold.
But for '3¥Ba [4] and '**Sm [20] nuclei, the imaginary potential remains constant over the range
of measured energies. The real potential for these systems exhibits a slow rise with decreasing
energy. However, in a different analysis of the TLi 4 138Ba data, Lee et al. [39] observed that the
imaginary potential strength in the above barrier region remains constant till the energy reaches
the barrier and then falls sharply with energy decreasing below it. The energy dependence of the
real potential for 'Li + '3¥Ba system, however, follows the shape of TA over the same energy
domain. Thus the observation corroborates that for the mass region of the present study. On the
other hand, for lighter mass targets the scenario is still more intriguing. In case of target nucleus
285, the decreasing trend of the imaginary potential with decreasing energy on approaching the
barrier is clearly visible but in the same energy domain the real potential also shows a decreasing
trend. The observed behaviors of the real and imaginary potential are not connected by dispersion
relation.

4.1. Comparison with °Li 4+ %*Ni

The comparative plots displaying the energy dependence of potentials for the projectiles °Li
and "Li scattering from ®*Ni have been shown in Fig. 4. It is observed that the imaginary potential
remains almost independent of energy for ’Li projectile while for SLi it increases on approaching
the barrier energy from above. Below the barrier, the imaginary potentials indicate a tendency to
decrease although only one data point exits in the energy region both the systems. The difference
in behavior is actually observed in the energy range around E,, /Ecp. ~ 1.2. While for Li
there is a rise in the imaginary strength, for ’Li its independent of energy. The difference sug-
gests the relative importance of reaction mechanisms other than fusion in absorbing flux from
the entrance channel for these two projectiles when the incident energy approaches the barrier.
With the threshold as low as 1.47 MeV, the break up of SLi projectile into two-body a—d clus-
ters can be more dominant than the break up of Li into a—t clusters (Sy = 2.47 MeV) in the
same energy domain. On the other hand, in Ref. [40] it was shown that the energy dependence
of the potential components near the threshold for "Li 4 2°®Pb is dominated by the coupling to
one neutron transfer channel having a small negative Q-value. The channel ("Li, °Li) also has a
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Fig. 6. (Color online.) Comparative plots of surface and volume absorption contributions of 7Li (filled and open bul-
lets) and ®Li (filled and open squares). The filled symbols denote the surface and open symbols the volume absorption
contributions respectively.

small negative Q-value for the target **Ni (Q = —1.152 MeV) and might have played a role in
determining the nature of energy variation of the imaginary potentials around the barrier for the
system "Li + *Ni. The one neutron transfer reaction (°Li, Li) with the *Ni target has a Q-value
of +0.434 MeV producing a three-body final state of o, p and ®Ni. Significant presence of this
channel can also induce an energy dependence observed for the imaginary potential for °Li +
4Ni. The polarization contribution to the real optical potential from the energy dependence of the
imaginary component pushed the peaks towards lower energies beyond the Coulomb barrier en-
ergy for both the projectiles though the shift is more and the rise is sharper for °Li. Also a careful
look at Fig. 4, shows that for OLi there is an indication of a broad dip around E.,,./Ecp. ~ 1.2
in the energy dependence of real potential. The behavior of real potential in °Li coincides with
a corresponding rise in the imaginary potential strength. This particular behavior is absent for
7Li projectile, which on the other hand, presents an energy variation more like a strongly bound
projectile.

Besides comparing the nature of energy dependence of the potential, an interesting feature also
comes out from the comparison of the variation of absorption cross section as a function of radial
separation of the colliding nuclei shown in Fig. 5. The core fusion contribution, coming from the
energy independent volume imaginary potential W, is more for “Li than °Li at each energy.

This implies that the incident wave does not reach the radius of Rr = 1.0 x (A p% + AT%) with
sufficient intensity after the absorption at the surface, to produce the core fusion with the target
for °Li compared to "Li projectile. It is obvious from Table 3 that at similar incident energy the
core fusion component is more than a factor of two smaller for °Li though the surface absorption
component is comparable to that of "Li, especially at higher energy regime.

Apart from having a larger volume absorption over the entire measured energy range, the
projectile "Li apparently has larger absorption at the surface at energies below the barrier as
is seen from Fig. 6. This particular feature is opposite to that observed for high Z targets like
208pp [3], where the absorption cross section is more for ®Li compared to ’Li around the barrier
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energies. This indicates the presence of a reaction channel other than the breakup of "Li at these
low energies for lower mass targets. On the other hand, for high Z heavy targets like 28Pb [3],
Coulomb induced breakup of ®Li compared to “Li is more dominant direct reaction around the
barrier energies producing larger absorption cross section but for low Z targets this contribution is
significantly reduced. Hence a relative change in the reaction mechanisms with decreasing mass
and incident energy for the two projectiles is responsible for the difference in the total absorption
cross sections. It will be extremely interesting to compare the fusion excitation function for ®7Li
on %*Ni at sub-barrier energies to identify the effect of this process on fusion.

5. Summary

To summarize, the measurement of elastic angular distributions for the system ’Li + ®Ni
at energies around the barrier in the range of 12 MeV < Ej;;, < 26.4 MeV had been performed.
Optical model analyses of the measured data were done using three different model potentials.
The energy dependence of the components of the effective potentials was subsequently extracted.

It has been found that for the system "Li + %Ni the threshold behavior of the effective po-
tential describing the elastic scattering is more like a tightly bound system but with the threshold
set at a lower energy than the Coulomb barrier. With decreasing energy the imaginary potential
strength remains invariant till the barrier is reached. This behavior is in contrast to the observa-
tion for the system °Li + %*Ni. Consequently the rise in the real potential strength is also shifted
to energies below the barrier, i.e. the threshold is shifted to lower energy.

A comparison of the nature of absorption as a function of radial separation with the target
for the two Li isotopes has also been done. Observations indicate that ’Li has higher core fusion
component at all energies. However, the contribution of surface absorption between the two
isotopes changes with decreasing bombarding energy. It is observed from Table 3 that, at the
measured highest incident energy the surface contribution for °Li, with lower break up threshold,
is more than "Li. On the other hand at the measured lowest incident energy below the barrier, the
surface absorption of 7Li is more than °Li. This aspect needs to be probed further with accurate
measurement of elastic angular distribution at smaller energy steps around the barrier.
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