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Background: The stable isotopes of Li, 6Li and 7Li, have two-body cluster structures of α + d and α + t

with α-separation energies or breakup thresholds at 1.47 and 2.47 MeV, respectively. The weak binding of
these projectiles introduces several new reaction channels not usually observed in the case of strongly bound
projectiles. The impact of these breakup or breakup-like reaction channels on fusion, the dominant reaction
process at near-barrier energies, with different target masses is of current interest.
Purpose: Our purpose is to explore the fusion, at above and below the Coulmb barrier, of 7Li with 64Ni target
in order to understand the effect of breakup or breakup-like processes with medium-mass target in comparison
with 6Li, which has a lower breakup threshold.
Measurement: The total fusion (TF) excitation of the weakly bound projectile 7Li with the medium-mass target
64Ni has been measured at the near-barrier energies (0.8 to 2 VB ). The measurement was performed using the
online characteristic γ -ray detection method. The complete fusion (CF) excitation function for the system was
obtained using the xn-evaporation channels with the help of statistical model predictions.
Results: At the above barrier energies CF cross sections exhibit an average suppression of about 6.5% compared to
the one-dimensional barrier penetration model (1DBPM) predictions, while the model describes the measured TF
cross section well. But below the barrier, both TF and CF show enhancements compared to 1DBPM predictions.
Unlike 6Li, enhancement of CF for 7Li could not be explained by inelastic coupling alone.
Conclusion: Whereas the σTF cross sections are almost the same for both the systems in the above barrier region,
the suppression of σCF at above the barrier is less for the 7Li +64Ni system than for the 6Li +64Ni system. Also
direct cluster transfer has been identified as the probable source for producing large enhancement in TF cross
sections.

DOI: 10.1103/PhysRevC.93.044616

I. INTRODUCTION

Understanding the effect of breakup or breakup-like reac-
tions, with three-body final states, on fusion is an important
goal of recent studies of heavy-ion collisions with weakly
bound projectiles around the Coulomb-barrier energies [1,2].
The weak binding property, i.e., the breakup of the weakly
bound nuclei into their cluster components, opens up many
new processes like sequential complete fusion (SCF) of all
the fragments after breakup. The residues produced with
this method are the same as those produced with the direct
complete fusion (DCF) process of the whole projectile.
Therefore the measured complete fusion (CF = DCF + SCF)
is the sum of the two. The capture of a part of the projectile
after its breakup by the target leads to incomplete fusion (ICF).
The sum of CF and ICF is measured as total fusion (TF). The
TF and CF cross sections are experimentally distinguishable in
collisions of weakly bound projectiles with heavy-mass targets
[3–8]. The CF cross sections in the above-barrier region are
found to be suppressed compared to the measured TF cross
sections, which are well described by theoretical models. The
suppression of CF cross sections, consequently, is attributed to
lost flux, which went to ICF channels [9]. On the other hand,
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in the below-barrier region both the TF and CF cross sections
are enhanced compared to the 1DBPM prediction.

In the case of lower-mass targets, the charge particle
evaporation channels become dominant, making the CF and
ICF channels indistinguishable. Hence, the measurement
provides only the TF cross sections [10–16]. However, to
investigate the variation of the degree of suppression of CF
cross sections at above-barrier energies with the decrease of
target charge and mass as well as to understand the fusion
enhancements in the below-barrier region, it is necessary to
obtain the CF cross sections for these systems.

In a recent work by our group on the 6Li +64Ni system
[12], detailed measurement of the fusion excitation function
has been reported and σCF is extracted from the measured σTF

with the help of a statistical model. The results indicate that
CF cross sections are suppressed by an average suppression
of about 13% compared to the TF cross sections in the
above-barrier region, which are well described by 1DBPM and
coupled-channels calculations. In the below-barrier region,
both CF and TF cross sections are enhanced compared to
1DBPM predictions. While the CF enhancement could be
explained using the channel coupling to inelastic excitations,
the origin of observed enhancement of σTF in the same energy
region could not be clearly understood.

The scenario is further investigated in the present work for
the fusion of 7Li, the other stable Li isotope with the same
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TABLE I. The observed characteristic γ -ray transitions of differ-
ent residues to their corresponding ground states. The spin-parity of
the state 237.8 (*) of 66Cu is unknown [18,19].

Residue Transitions Eγ

channel Excited state (J π ) → ground state (J π ) (keV)

1/2− → 3/2− 318.7
5/2− → 3/2− 574.2

69Ga 3/2− → 3/2− 872.1
(2n) 5/2− → 3/2− 1106.9

7/2− → 3/2− 1336.4
7/2− → 3/2− 1488.0

69Zn 9/2+ → 1/2− 438.6
(pn) 3/2− → 1/2− 834.5

2+ → 1+ 175.0
1+ → 1+ 321.0

68Ga 2+ → 1+ 374.6
(3n) (0,1,2)+ → 1+ 555.5

2+ → 1+ 564.5
2− → 1+ 583.8

1+, 2+ → 1+ 825.3

68Zn (p2n) 2+ → 0+ 1077.4

2+ → 1+ 185.95
66Cu (� 3+)∗ → 1+ 237.8
(αn) 1+ → 1+ 385.8

2+ → 1+ 465.2
1+ → 1+ 1052.1

1/2− → 3/2− 770.6
65Cu 5/2− → 3/2− 1115.6
(α2n) 7/2− → 3/2− 1481.8

64Ni target. The nucleus 7Li with an α-separation energy of
2.47 MeV has a bound excited state at 0.478 MeV (1/2−) and
is deformed. Hence, it is important to explore the fusion of
7Li with the 64Ni target in order to understand the effect of
breakup or breakup-like processes with medium-mass targets
in comparison with 6Li.

II. EXPERIMENTAL DETAILS

The experiment was performed at the Pelletron Linac
Facility in Mumbai, India. The experimental setup was almost
similar to that used in the 6Li +64Ni fusion measurement and
described in Ref. [12]. The choice of 64Ni (N/Z = 1.28) as
the target was prompted by the presence of eight valence
neutrons over the closed N = 28 subshell compared to two
in 58Ni (N/Z = 1.07). The compound nucleus with the 64Ni
target decays predominantly through xn-evaporation channels,
which favors the extraction of the CF cross section from the
measured yield. The 7Li beam with energy from 12 to 28 MeV
was bombarded on a self-supporting 507 ± 10 μg/cm2 thick
metallic 64Ni target (∼99% enriched) in small energy steps.
The energy steps were 0.5 MeV from 12 to 15 MeV, 1 MeV
from 15 to 20 MeV, and 2 MeV at higher energies. The
background spectra were recorded after each energy run. A
high-purity germanium (HPGe) detector of energy resolution

FIG. 1. Representative characteristic γ -ray spectrum from the
collision of the system 7Li +64Ni at Elab = 24 MeV. Some of the
characteristic γ transitions of the residues are marked.

2.8 keV at the 1408-keV γ line of 152Eu was positioned at 135◦
with respect to the beam direction. This detector was used to
detect the γ rays emitted from the residues. The absolute effi-
ciency (εγ ) of the detector was determined by using calibrated
radioactive sources of 152Eu and 133Ba at the target position.
The data were recorded and analyzed using the CAMAC-based
multiparameter acquisition system LAMPS [17].

The observed γ rays from the residues produced from the
fusion of 7Li with 64Ni are shown in Table I and a representative
characteristic γ -ray spectrum at Elab = 24 MeV is shown in
Fig. 1.

Offline measurement

The major drawback of the online characteristic γ -ray
method is that it cannot measure the direct ground-state
populations of the residues. To estimate the direct ground-state
feeding an offline measurement has been performed using the
detection of characteristic x rays after the unstable residue
68Ga (T1/2 = 67.7 min) decays to the daughter nucleus 68Zn
through the electron capture process. For the offline analysis
a separate run with the 7Li beam of energy 26 MeV was taken
using a fresh 64Ni target of same thickness. A gold catcher foil
of thickness 4 mg/cm2 was placed behind the target to stop the
recoiling residues. Immediately after the irradiation the target
arrangement was taken out from the reaction chamber and was
mounted in front of the x-ray detector for offline measurement.
The branching ratio of the decay of 68Ga to the ground state
of 68Zn is 97% [18]. The delayed x rays, characteristic of
Zn, emitted in the process were recorded. A standard 241Am
x-ray source was used to determine the efficiency of the x-ray
detector. The necessary parameters like relative intensities,
fluorescence yields of relevant K x rays, etc., were taken from
Ref. [20]. The 68Ga residue can only be produced from the
complete fusion of 7Li and 64Ni. Offline x-ray measurement
gives the cross section of formation of 68Ga including the
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FIG. 2. Representative characteristic offline x-ray spectrum from
the fusion of the system 7Li +64Ni at Elab = 26 MeV. The character-
istic K x-rays of Zn have been marked.

direct ground-state population. A typical offline characteristic
delayed x-ray spectrum following 7Li and 64Ni collision at 26
MeV is shown in Fig. 2.

The experimental data and corresponding fitted growth
curve, Y (t)(= Y (0)[1 − exp(0.693t/T1/2)]), of the daughter
nucleus 68Zn is shown in Fig. 3. The resulting half-life of the
parent nucleus 68Ga from the fitted curve is 65.7± 2.0 min,
which is very close to the value (67.7 min) available in the
literature. The extrapolation of the curve yields the number
of 68Ga nuclei present at the start (t = 0) of the offline
acquisition. The final yield of 68Ga is extracted using the
measured half-life and taking into account the decay during
irradiation. The resultant residue cross section is obtained by
incorporating the corrections for fluorescence and branching
factor. The derived residue cross section at 26 MeV that

FIG. 3. The experimental data and the fitted growth curve, Y (t),
as a function of time of the daughter nuclei (Zn) of 68Ga from offline
measurement of the system 7Li +64Ni.

FIG. 4. The measured excitation functions of individual residue
channels are shown along with the experimental TF excitation
function for the system 7Li +64Ni. The dotted line represents the
1DBPM prediction for fusion. The cross section of the residue 68Ga
for Elab = 26 MeV from offline x-ray measurement is shown by a
solid star.

includes the direct ground-state feeding component, if any,
is shown in Fig. 4. The cross section matches nicely with
the cross section of 68Ga estimated from online characteristic
γ -ray measurements. This supports the conjecture that direct
particle feeding to the ground state of the residues in this mass
and energy region is not significant [12,21,22].

III. ANALYSIS AND RESULTS

A. Excitation function of fusion channels

The compound nucleus 71Ga, produced in the collision
of the system 7Li +64Ni, predominantly decays through the
2n- and 3n-evaporation channels. The evaporation residues
from decay channels pn, p2n and/or t, αn, and α2n are also
observed. The residues produced through 2n-, 3n-, and pn-
evaporation channels are associated only with the CF process.
The other channels are produced from the CF process as
well as from other processes like fusion following breakup
or transfer-breakup reactions. As an example the residue
produced from the CF process through the αn channel can
also be produced from the t-ICF process with subsequent
evaporation of a neutron. The direct cluster transfer (DCT)
to the unbound state of 67Cu can also populate the channel.

Each evaporation residue channel cross section (σ exp
chn ) is

obtained by summing over the measured cross sections of
the observed γ -ray transitions directly to the ground state of
the residue. The experimental TF cross section (σ exp

TF ) at each
energy is obtained from

σ
exp
TF =

∑

chn

σ
exp
chn . (1)

Table I shows the dominant direct γ -ray transitions from
the excited states to the ground state of the residues, which
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TABLE II. Q values of different reaction channels for the 7Li and
64Ni projectile-target system.

Reaction channel Qgg (MeV)

64Ni(7Li ,8Li)63Ni −7.623
64Ni(7Li ,6Li)65Ni −1.153
64Ni(7Li ,6He)65Cu −2.520
64Ni(7Li ,5He)66Cu 2.835
64Ni(7Li ,4He)67Cu 12.703
64Ni(7Li ,3H)68Zn 2.866
64Ni(7Li ,1H)70Zn 10.084

have been used to estimate the residue or channel cross
sections.

The estimated cross sections do not include the contribu-
tions of direct ground-state feeding of the residues, an inherent
limitation of characteristic γ -ray measurement. However, it
has been shown that in this mass region the direct ground-state
feeding is negligible [12], which is verified also by our offline
measurements.

The measured excitation functions of individual residues
and σ

exp
TF are shown in Fig. 4. The Q-values of relevant

reaction channels are given in Table II. The residues 66Cu and
65Cu, shown in Fig. 4, have mixed origins. The residue 66Cu
has many sources like CF, t-ICF, and t-stripping to neutron
unbound states of the 67Cu owing to the large positive Q
value. It can also be produced by deuteron transfer from the
projectile 7Li to the target 64Ni. On the other hand 65Cu can be
produced from CF, t-ICF, and one-proton stripping processes.

B. Extraction of complete fusion

In order to estimate the suppression, if any, of the CF
cross section of 7Li with 64Ni at above-barrier energies, we
attempted to extract the CF cross section from the measured
channel cross sections. The CF cross sections have been
estimated from the two most dominating pure complete fusion
channels, the 2n and 3n channels, by taking help from the
statistical model (SM) code PACE4 [23]. Over the incident
energy range of 28 MeV to 12 MeV, the summed model
cross sections of the 2n and 3n channels constitute about
62% to 87%, respectively. The summed cross sections of these
two channels from experimental data, σ

exp
2n+3n, and from SM

predictions, σ stat
2n+3n, are plotted in Fig. 5. It is clear from Fig. 5

that the summed experimental cross sections for the 2n- and
3n-evaporation channels agree well with the SM predictions
over the whole energy range. The branching ratio from the SM
calculations for these two channels to the model CF, R2n+3n

CF ,
is defined as

R2n+3n
CF = σ stat

CF

σ stat
2n+3n

. (2)

Therefore, the CF cross section, σCF, can be obtained from
the measured summed cross section of 2n and 3n channels by
using the relation

σCF = σ
exp
2n+3n

R2n+3n
CF

. (3)

FIG. 5. The measured TF (open bullet), derived CF (solid bullet),
and experimental (2n + 3n) (open triangle) excitation functions for
7Li +64Ni. The 1DBPM and CC predictions are shown by dotted and
solid lines, respectively. The PACE prediction for σ stat

2n+3n is shown by
the dashed line.

The resultant excitation function of the extracted σCF is plotted
(solid circles) in Fig. 5.

C. Model calculation

To interpret the experimental data of the fusion (TF and CF)
excitation functions for the system 7Li +64Ni, the coupled-
channels (CC) calculation has been performed using modified
version of the code CCFULL [24]. In this version of the code
coupling to both the projectile and the target excited states has
been incorporated. The Akyüz-Winther potential [25] with
the Woods-Saxon parameterization form has been used. The
potential parameters are slightly modified to get rid of the
oscillation of the fusion excitation function at higher energies.
The starting and the modified potential parameters as well as
the corresponding uncoupled barrier parameters are given in
Table III. The fusion excitation function in the no-coupling
condition is used as the 1DBPM excitation function. To
understand the effect of deformation of the projectile and the
target full CC calculation is done by incorporating first excited
states of the projectile and the target. In the CC calculation the
first excited state of 7Li (Jπ = 1/2−, E∗ = 0.478 MeV), with
B(E2) ↑= 7.59 e2 fm4 [26], has been considered. Also, the
reorientation terms for the ground (3/2−) and the first excited
states are included in the coupling scheme using the ground-
state quadrupole moment value of 4.06 fm2 [26]. The first

TABLE III. Input potential parameters used in CCFULL calcula-
tions along with the resultant barrier parameters.

Potential V0 (MeV) r0 (fm) a (fm) VB (MeV) RB (fm) �ω (MeV)

AW 42.1 1.17 0.606 12.20 9.25 3.56
CC 48.0 1.12 0.66 12.20 9.19 3.41
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excited state of the target 64Ni (Jπ = 2+, E∗ = 1.345 MeV)
with deformation β2 = 0.169 [27] has also been incorporated
in the calculation. The breakup or transfer coupling channel
cannot be included in the calculation. The results are shown in
Fig. 5 by solid and dotted lines, respectively. It is to be noted
that the 1DBPM prediction reproduces the measured TF cross
section in the above-barrier energy range but underpredicts
the measured values in the below-barrier region. The coupling
to inelastic channels enhances the fusion cross sections in
the subbarrier energies with respect to values obtained from
1DBPM predictions, but the model excitation function still
underpredicts the extracted CF data in the below-barrier
region. The enhancement and suppression with respect to
1DBPM has been further explored by defining the quantity
enhancement factor in the following section.

D. Enhancement and suppression factor

The enhancement factor, EF , to quantify the enhancement
or suppression with respect to 1DBPM has been defined as
[12],

(EF )i = σi

σ1DBPM
, i = TF,CF,CC,1DBPM, . . . (4)

The enhancement factors for the experimental TF, CF, and
theoretical CC predictions are plotted in Fig. 6. It is clear
that the enhancement of TF cross sections is much steeper
compared to the enhancement of CF cross sections at the
Ec.m./VB < 1 region. Also, (EF )CC fails to describe the en-
hancements of both these excitation functions in the subbarrier
region. Underprediction of CF cross sections indicates that
unlike the case of 6Li, coupling to inelastic excitations alone
does not describe the enhancement of CF in the below-barrier
region for 7Li +64Ni. In the above-barrier region (EF )CF is
suppressed compared to both (EF )CC and (EF )TF, although

FIG. 6. The enhancement factors of TF, CF, and CC cross sections
relative to the 1DBPM cross sections are plotted as a function of
Ec.m./VB , where VB is the height of the fusion barrier from Table III.
The same for the residue channels 65Cu and 66Cu are also shown by
open boxes and solid triangles, respectively.

the effect is not so prominent like the enhancement in the
below-barrier energies. The estimated average suppression of
(EF )CF (or σCF) to (EF )TF (or σTF) in the above-barrier region
is 6.5 ± 0.4%. However, (EF )CC and (EF )TF matched nicely
in this energy region.

To further investigate the origin of the enhancement of
TF cross sections in the below-barrier energy regime, two
more enhancement factors corresponding to 65Cu and 66Cu
residues as a function of energy have been plotted in Fig. 6. As
discussed in Sec. III A, both these residues can be populated
by CF, ICF, and transfer reactions. Despite their mixed
origins, the enhancement profiles of these two residues are
significantly different in the below-barrier region. The (EF )66,
the enhancement factor for 66Cu, increases in the energy region
below the barrier compared to its values above it; on the
other hand, the (EF )65, the enhancement factor for 65Cu,
decreases with energy in the same energy range. Apart from
the CF process, both these residues can be produced by t-ICF
reactions. But distinctly different energy dependencies of the
enhancement factors of the two residues probably indicate the
dominant contributions of different reaction processes in each
case. Therefore, it may be conjectured from the increasing
trend of (EF )66 that the direct cluster transfer of tritons
is primarily responsible for the enhancement of 66Cu cross
sections, which in turn causes the enhancement in σTF values
at subbarrier energies.

To elaborate this conjecture, we have plotted in Fig. 7 the
ratio of the population of individual residues 65Cu and 66Cu
through non-CF processes as a function of Ec.m./VB . The
population of these residues from CF has been estimated by
multiplying experimental σCF with corresponding branching
ratios obtained from SM calculations. The non-CF contribu-
tion of each residue is subsequently determined by subtracting
the extracted cross section of the CF component from the
measured cross section of each residue. The ratios of non-CF

FIG. 7. Ratio of the non-CF cross sections for the residues 65Cu
and 66Cu for the system 7Li +64Ni. The solid bullets represent the
data and the solid line represents the calculation from the SM model.
See text for details.
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cross sections for 65Cu and 66Cu are shown by solid bullets in
Fig. 7.

The theoretical curve shown in the figure is generated
from the ratio of 65Cu and 66Cu cross sections from the
fusion of 3H (t) moving with the beam velocity of 7Li,
with 64Ni target. This ratio should reflect the ratio of cross
sections of these two channels produced through the t-ICF
process. The large mismatch between the experimental and
theoretical curves indicates again a high yield of residue
66Cu from reactions other than t-ICF at subbarrier energies.
The other reaction modes in producing 66Cu are d- or t-
stripping reactions from 7Li. From Q-value and spectroscopic
arguments, one can conclude that triton transfer from 7Li is the
most dominant channel in this energy regime. Also vanishingly
small cross sections of 65Cu at subbarrier energies show that
one-proton stripping does not have significant contribution at
the subbarrier energies.

IV. COMPARISON WITH 6Li +64Ni

We have compared the present experimental results with
previously measured results of 6Li +64Ni. The ratio of the
measured TF cross sections of 6Li and 7Li with 64Ni is
plotted with respect to Ec.m./VB in Fig. 8, in comparison
with other low-mass-target systems. The data for fusion
cross sections of other low-mass-target systems and the
corresponding Coulomb barrier values, VB , have been taken
from Refs. [11,14,15]. The figure shows that in the above-
barrier region the ratio is nearly unity, but as energy decreases
it exhibits a rising trend for all the systems. Our experimental
observation also corroborates with the systematic trend. With
data existing in small energy steps in the present measurement,
the upward bend in the ratio just below Ec.m./VB = 1 is very
clearly observed. Also in the below Ec.m./VB ∼ 1 region, the
σ (6Li)/σ (7Li) ratio for the 64Ni target matches quite nicely
with the same ratio for the 64Zn target [11] although the

FIG. 8. Ratio of 6Li to 7Li TF cross sections as a function of the
reduced center-of-mass energy. The ratio with the 64Ni target (solid
bullets) is compared with the same ratio with other medium- and
low-mass targets taken from Refs. [11,14]. See text for details.

FIG. 9. Experimental reduced TF cross section for the systems
6,7Li +64Ni. The solid line represents the UFF. For details, see the
text.

measurement in the present experiment does not extend to
energies well below the barrier. In probing the origin of the
behavior, CC calculations within the CDCC framework for
the systems 6,7Li +59Co [13,28] have been performed and the
conclusion is that the observed rising trend in the cross section
ratio is due to the difference in breakup thresholds of the two
projectiles. Further, in a systematic analysis of 6,7Li +64Zn TF
data [11], the authors conjectured that the upward rise in the
ratio of 6,7Li fuison cross sections is observed because of the
dominance of ICF and/or DCT or of single nucleon transfer
reactions in the subbarrier energy region for the projectile 6Li
over 7Li, although clear separation of the ICF and/or the DCT
reactions from the measured fusion data for 6,7Li fusion could
not be achieved.

To further compare the outcome of fusion of 6Li and
7Li with the 64Ni target, we constructed the dimensionless
quantities, fusion function F (x) and x, as

F (x) = 2Ec.m.

R2
B�ω

σF , x = Ec.m. − VB

�ω
, (5)

with the measured σTF and σCF cross sections following the
prescription of Canto et al. [29]. The barrier parameters used
in the expressions are taken from our 1DBPM calculations
for 6,7Li +64Ni systems. By construction, the fusion function
F (x) takes care of the static effects of the barrier properties of
the systems and hence any difference in F (x) between the two
systems should reflect the difference in the dynamic effect due
to the reactions like breakup or transfer.

We constructed the F (x) functions with the measured σTF

of 6Li +64Ni and 7Li +64Ni systems and plotted them with
respect to x in Fig. 9. The functions are compared with the
universal fusion function (UFF), F0(x) = ln[1 + exp(2πx)]
of variable x, in the plot. Enhancement in F (x) compared to
F0(x) for both the systems has been observed in the subbarrier
energy region. Interestingly, the enhancements are same for
both 6Li and 7Li projectiles. This indicates that the origin of
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FIG. 10. Experimental reduced CF cross section for the systems
6,7Li +64Ni. The solid line represents the UFF. For details, see the
text.

enhancement of the total fusion cross section below the barrier
is not due to the breakup coupling.

In Fig. 10, fusion functions F (x), constructed with the
extracted CF cross sections, σCF, of the two systems, have been
shown in comparison with the universal fusion function F0(x).
The fusion functions of the 6Li +64Ni and 7Li +64Ni systems
differ in the above-barrier region. The function corresponding
to 6Li +64Ni shows greater suppression relative to F0(x) in
comparison to that for 7Li +64Ni at above-barrier energies. In
the below-barrier region, the fusion functions with σCF for both
the systems overlap nicely with the universal fusion function.
Thus unlike the above-barrier energies where the breakup
affects the complete fusion of the two projectiles differently,
the complete fusion cross sections of the projectiles are
unaffected by any dynamical process present in the subbarrier
energy region.

V. SUMMARY AND CONCLUSION

The measurement of total fusion cross sections at near-
barrier energies as a function of incident energy for the
system 7Li +64Ni has been presented in the present article.
The fusion excitation function has been determined from the

online detection of characteristic γ rays from the residues.
Using the measured cross sections of the dominant 2n-
and 3n-decay channels of the compound nucleus 71Ga and
obtaining the branching ratio for the summed (2n and 3n)-
channel cross section to the pure complete fusion cross
section from statistical model calculations, the experimental
CF cross sections have been obtained at each energy. An offline
detection of the delayed x ray of Zn produced from electron
capture in 68Ga, the 3n-channel residue formed in the fusion
of 7Li and 64Ni at 26 MeV, has been performed. Unstable 68Ga
with T1/2 = 67.7 min is produced only in the complete fusion
process. Reasonably good matching of the offline and online
measurements corroborates the earlier observation that direct
ground-state feeding in this mass region is not significant.

Comparison of the extracted CF cross sections at above-
barrier energies shows that the average suppression in the
7Li +64Ni system is ∼6.5%, a value lower than that for the
6Li +64Ni system (∼13%). The difference in the suppression
between the two stable isotopes of Li is clearly visible in the
comparison with the universal fusion function that brings out
the dynamic effect of breakup or breakup-like processes in the
above-barrier energies. The degree of suppression is also much
less compared to fusion of 7Li with the heavy targets like 209Bi
[3], 159Tb [7], and 144Sm [8], where the observed suppression
is of the order of 25%.

In the below-barrier energy region, both TF and CF cross
sections of the 7Li +64Ni system are enhanced with respect to
1DBPM predictions. The enhancement in TF is much sharper
than the enhancement in CF. However, unlike 6Li +64Ni, the
CF enhancement for 7Li +64Ni could not be explained by
coupling to inelastic channels only, indicating the presence
of possible coupling to transfer reaction channels for 7Li in
the below-barrier region. Extension of measurement to still
subbarrier energies and subsequent coupled-channels analysis
including the transfer degree of freedom is needed to clarify
the observation.
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