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Abstract
The fusion dynamics of 6Li and 7Li projectiles incident on the 13C and 12C targets, respectively, near the Coulomb barrier, 
were investigated theoretically using the antisymmetrized molecular dynamics (AMD) model. Within the AMD framework, 
the ground-state configurations of 6Li and 7Li exhibit pronounced deformation characterized by well-developed d+� and t+� 
clustering structures, respectively. Reaction simulations were performed across a center-of-mass energy range of 3 − 7.6MeV , 
encompassing the fusion barrier region. The total fusion cross sections computed as a function of collision energy demon-
strate favorable quantitative agreement with the experimental values at energies above the Coulomb barrier. Additionally, a 
detailed comparison was made of the partial cross sections into specific residual fragments predicted by AMD at different 
center-of-mass energies. The AMD model provides a robust microscopic description of light-heavy-ion fusion dynamics and 
captures the role of extended density distributions and cluster correlations within interacting nuclei.
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1  Introduction

The concept of synthesizing new superheavy elements 
through neutron-rich nuclei-induced fusion reactions is 
very attractive [1]. However, their structural characteristics 
can have a significant impact on induced fusion reactions. 
Therefore, it is of great importance to conduct in-depth 

experimental and theoretical studies on the mechanisms of 
the fusion reactions of neutron-rich nuclei. There are two 
contradictory theoretical viewpoints regarding the fusion 
reactions of halo nuclei near the Coulomb barrier: One sug-
gests that halo nuclei and weakly bound nuclei themselves 
have much larger nuclear radii than predicted by the general 
liquid drop model, which would lower the fusion barrier and 
increase the fusion cross section  [2], and the other argues 
that the unstable structure of halo nuclei due to fragmenta-
tion leads to a smaller fusion cross section  [3–5]. Differ-
ent theoretical models have shown different results [3–9]. 
The partial fusion process of weakly bound nuclei is com-
plex, and its reaction mechanism is not well understood to 
date [10, 11].

The fragmentation of projectiles with low binding ener-
gies is known to have a significant impact on fusion reac-
tions, resulting in distinct fusion pathways. Specifically, the 
complete fusion (CF) process arises from the successful cap-
ture of the entire projectile by the target. It should be noted 
that complete fusion (CF) may take on two distinct forms: 
direct CF, where fusion occurs without prior projectile frag-
mentation, and sequential CF, where all projectile fragments 
are captured after their fragmentation. If only certain frag-
ments are captured, while others evade capture, the process 
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is deemed incomplete fusion (ICF). The sum of complete 
and incomplete fusion reactions is called the total fusion 
(TF) [10, 12–14].

At present, the majority of both experimental and theoret-
ical studies on fusion reaction mechanisms induced by halo 
and weakly bound nuclei have focused on comparatively 
heavier reaction systems [2, 10, 15–19], with less atten-
tion given to light nuclear reaction systems. Within these 
lighter systems, the reduction in Coulomb energy makes 
other effects more pronounced. For example, the effects of 
halo and cluster structures, which lead to an increase in the 
nuclear radii, may have a more significant impact on fusion 
reactions. In addition, the detection of fragmentation prod-
ucts from the projectile nuclei is more feasible. The frag-
mentation effects of halo and weakly bound nuclei continue 
to be an important research topic, both experimentally and 
theoretically. However, studies on the role of cluster struc-
ture effects in fusion reactions of light systems are scarce. 
The study of light nuclei and their clustering phenomena, 
such as �-cluster structures, has profound implications for 
understanding nuclear reaction mechanisms, particularly 
near the Coulomb barrier. These exotic configurations can 
significantly modify the fusion barrier and cross section, 
affecting the reaction dynamics [20–22].

Weakly bound nuclei, such as 6Li ( � + d cluster, 1.47 
MeV breakup threshold) and 7Li ( � + t cluster, 2.47 MeV), 
exemplify how clustering governs the reaction outcomes. 
The different breakup energies of these isotopes profoundly 
influence the reaction mechanisms, particularly the competi-
tion between CF and ICF; lower thresholds enhance breakup 
and promote ICF, often suppressing CF  [23, 24]. Further 
support for the role of cluster structures in light nuclei 
comes from previous studies such as Guo et al.  [25], which 
emphasized that well-developed �-cluster configurations 
in nuclei, such as 6Li and 7Li , significantly influence the 
reaction dynamics near the Coulomb barrier. Their analy-
sis showed that the presence of cluster structures enhances 
breakup probabilities and can alter the distribution between 
CF and ICF processes. Specifically, Guo et al. highlighted 
that for weakly bound projectiles, the cluster nature not only 
facilitates certain breakup channels but may also impact 
transfer reactions and overall fusion yields. These find-
ings are consistent with our calculated results, where the 
effects of clustering contribute to increased fragmentation 
and cross sections of the ICF, particularly for 6Li . Thus, the 
interplay between nuclear clustering and reaction mecha-
nisms remains a key factor in understanding barrier fusion 
with light and weakly bound nuclei.

Experimentally, researchers have initially focused on the 
fusion reaction mechanisms of weakly bound nuclei in light 
nuclear systems based on the available experimental condi-
tions. However, the fusion cross-section results measured 
using different experimental approaches are inconsistent. 

Measurements of the fusion reaction cross sections in light 
nuclear systems have been conducted either by directly 
detecting the residues using gas detectors with ΔE − E tech-
nology [26, 27] or by detecting the �-ray spectral character-
istics of the residues using high-purity germanium detec-
tors [23, 24]. The former approach, which involves direct 
residue detection, faces considerable difficulties owing to 
the low kinetic energy of the residues. In contrast, the lat-
ter approach, which measures �-ray spectral characteristics, 
relies heavily on accurately calculating the excitation energy 
of the residues.

Theoretically, the majority of studies on fusion reaction 
mechanisms have used the optical model (OM) [27] and 
CDCC [11, 28, 29]. However, these models do not consider 
the effects of secondary decay of the fusion reaction frag-
ments. In contrast, the anti-symmetrized molecular dynam-
ics (AMD) model can represent the cluster structure of the 
initial collision nuclei and reflect the dynamic evolution 
process during fragment formation. Moreover, significant 
success has been achieved in studying the symmetry energy 
and phase transitions of nuclear matter through heavy-ion 
reactions in the Fermi energy domain  [30–34].

While the understanding of weakly bound nuclear reac-
tions is ongoing, direct comparative studies isolating the 
impact of the projectile cluster structure on fusion chan-
nels are scarce. This study addresses this gap by comparing 
6
Li + 13C and 7Li + 12C systems. These systems form the 

same compound nucleus 19F at similar excitation energies, 
yet differ significantly in their lithium projectile’s internal 
cluster structure and breakup properties. By analyzing their 
TF, CF, and ICF contributions, the influence of the projec-
tile structure on the reaction pathways can be quantified, 
offering insights into clustering, weak binding, and CF/ICF 
competition. Therefore, this study adopted the AMD/DS 
version [35]. Owing to the selection of a finite coherence 
time, this version allows the system dynamics to exhibit both 
diffusion (D) and wave packet shrinking (S) effects, as mani-
fested in the mean-field propagation. We present the results 
of our investigation of the fusion reactions of the 6Li + 13C 
and 7Li + 12C systems near the Coulomb barrier, as deter-
mined by AMD simulations. The remainder of this paper is 
organized as follows. The AMD models are briefly described 
in Sect. 3. Detailed comparisons of the fusion cross sections 
with experimental data, time evolution of the density dis-
tributions, and fusion channel distribution are presented in 
Sect. 4. Finally, a summary is provided in Sect. 5.

2 � AMD descriptions

In the framework of the AMD model [35], the wave function 
associated with a reaction involving A nucleons is expressed 
as a Slater determinant comprising Gaussian wave packets,
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where Z ≡ {Zi;{i = 1,… ,A}} denotes a set of complex vari-
ables. The complex variable Z is defined as

where Di  and Ki  represent the centroids of the position and 
momentum, respectively. The width parameter � in Eq. 1 
is a constant value of 0.16 fm−2 , while �

�i represents the 
spin isospin states of p ↑ , p ↓ , n ↑ , or n ↓ . The equations of 
motion for the centroids, Di and Ki , were determined using 
the time-dependent variational method.

Owing to quantum-mechanical effects, heavy-ion colli-
sions are inherently stochastic at the microscopic level. The 
positions and momenta of individual particles fluctuated ran-
domly. Therefore, including a stochastic term is crucial in 
modeling heavy-ion collisions, because it enables a diverse 
range of final states to be generated from a single initial 
state. In typical implementations, the stochasticity required 
for realistic heavy-ion collision simulations is introduced 
through randomized nucleon–nucleon interactions. How-
ever, the AMD model has been augmented to facilitate the 
quantum-mechanical branching of a single initial state into 
many possible final states induced by mechanisms beyond 
simple nucleon–nucleon scattering. In the AMD model, the 
time evolution of the centroids of the Gaussian wave packets, 
which represent the nucleons, follows the Vlasov equation 
and describes the dynamics of an ensemble of noninteract-
ing particles under the influence of an averaged mean-field 
potential. Propagating the wave packets using the Vlasov 
equation enables each nucleon to move independently in the 
mean field generated collectively by the entire system. This 
approach provides a self-consistent framework to simulate 
the smooth evolution of single-particle wave functions along 
classical trajectories while preserving the quantum-mechan-
ical uncertainties inherent in the Gaussian wave packet rep-
resentation. Vlasov dynamics approximates collisionless 
motion, allowing the AMD model to efficiently calculate the 
many-body time development through the mean-field poten-
tial before modeling granular collisions stochastically. The 
onset of decoherence at the time point denoted � is postu-
lated to induce the decomposition of the single-particle wave 
functions into a set of Gaussian wave packets, engendering a 
stochastic branching process, to consider the quantum effects 
inherited in the Gaussian wave packet formalism.

The single-particle wave function can diffuse in the 
context of one-body mean-field propagation. Upon reach-
ing the point of decoherence, it becomes localized, thereby 
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generating many-body correlations. By incorporating quan-
tum branching through one-body mean-field propagation, 
the ability of the AMD approach to model reactions with 
numerous possible channels, such as multifragmentation 
phenomena, was significantly enhanced. This extension 
of the AMD model, often referred to as AMD-V, is alter-
natively labeled as AMD/D (for diffusion). An additional 
enhancement of the AMD approach, referred to as AMD/
DS (indicating diffusion with shrinking), allows the dynamic 
contraction of single-particle wave functions, in addition to 
their diffusive dispersion [35]. Unlike the AMD/D model, 
which focuses solely on diffusion and manifests the multi-
fragmentation process, the incorporation of wave function 
shrinking counterbalances the expansion following the col-
lision event, resulting in weakened post-collision dilatation 
compared with AMD/D. As a result, the AMD/DS improved 
the formation of heavier nuclear fragments, improving the 
agreement with the experimental fragment distribution data. 
The addition of a balance between the diffusive expansion 
and contraction of single-particle wave functions in AMD/
DS allows for a more precise fragmentation control, result-
ing in a more realistic depiction of the experimentally 
observed reaction products.

3 � AMD simulations

The barrier energies for the two reaction systems, 6Li + 13C 
and 7Li + 12C , are approximately 3.68 MeV and 3.63 MeV, 
respectively [23]. These values are considered when discuss-
ing the energy dependence of the measured and calculated 
fusion cross sections. The AMD/DS code was used in this 
study. Employing Gogny interaction, a well-regarded effec-
tive interaction in nuclear physics is known for its accuracy 
in predicting nuclear phenomena. This code is also used 
to generate the initial nuclei of several elements, namely 
6,7
Li and 12,13C . The computed binding energies and root-

mean-square(RMS) radii of these nuclei were compared 
with their corresponding experimental values, as summa-
rized in Table 1. The calculated values were in good agree-
ment with the experimental measurements, except for the 
RMS radii of 6,7Li . For these isotopes, the calculated radii 

Table 1   Initial nuclei

Nucleus AMD bind-
ing energy 
(MeV)

AMD rms 
(fm)

Exp. bind-
ing energy 
(MeV)

Exp. rms (fm)

6
Li(d+�) 35.15 3.15 31.99 2.59

7
Li(t+�) 40.00 3.02 39.24 2.43

12
C 92.24 2.53 92.16 2.47

13
C 104.77 2.55 97.11 2.46
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exceeded the empirical values by approximately 20% . How-
ever, more sophisticated AMD implementations, such as the 
approach described in Ref. [36], reproduce the experimen-
tally observed binding energies, and the radii of 6,7Li , are 
in good agreement. These results show the distinct cluster 
structures d + � and t + � inherent to these light lithium spe-
cies. Thus, while basic AMD models may overestimate cer-
tain spatial properties of 6,7Li , extensions to the framework 
can lead to improved agreement with the experimental data 
for energy and nuclear cluster configurations. However, cau-
tion is needed, as the fusion cross section is closely related to 
the radius or cluster separation within the projectile, which 
remains challenging to describe accurately.

The spatial nucleon densities computed using the AMD 
framework are presented in Fig. 1, with symbols denot-
ing clusterized nucleon locations. The salient clustering of 
nucleons within the localized regions of the nuclear vol-
ume is evident in both the density profiles and localization 
plots. The calculations revealed tightly clustered substruc-
tures, indicative of developed alpha and deuteron/triton 
formations, corroborating significant deformation, particu-
larly for 6Li and 7Li isotopes. Two distinct subgroups were 

unambiguously delineated, corresponding to an alpha cluster 
and a deuteron/triton moiety, respectively, consistent with 
the nuclear configuration d + � or t + � . In contrast, AMD 
computations of 12,13C  [37, 38] showed minimal fragmenta-
tion into clustered subunits. The absence of clustered corre-
lations manifests as more uniform, compact, and spherically 
symmetric spatial densities in these nuclei.

Using the initialized 6,7Li and 12,13C nuclei, AMD/DS 
calculations were performed to simulate the 6Li + 13C and 
7
Li + 12C fusion reactions across the center-of-mass energy 

range from 3 to 7.6MeV . To facilitate a comparison between 
computational results and experimental values, dynamical 
evolutions are typically simulated for durations up to 300 
fm/c. Subsequently, the GEMINI [39] code was employed 
as an afterburner to de-excite the primary emitting fragments 
to their ground states [30–34]. Simulations were conducted 
up to 2000 fm/c to enable full expansion of the system and 
asymptotic separation of fragments. This extended duration 
ensured the physical validity of the application of the coa-
lescence technique for identifying light clusters in a dilute, 
post-reaction environment. This comprehensive dynamic 
treatment of multifragmentation is preferred to earlier 

Fig. 1   Initial nucleus of 6,7Li 
and 12,13C from left to right
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termination (for example, 300 fm/c) and the subsequent use 
of statistical decay models such as GEMINI, as it directly 
captures the formation and evolution of fragments through-
out the reaction. Subsequently, a phase-space coalescence 
technique was applied to identify emergent nuclear clusters. 
A universal coalescence radius of 5 fm in the coordinate 
space was adopted for all the energies. The charge (Z), mass 
(A), excitation energy, angular momentum, and velocity vec-
tors were determined for each clustered fragment. The cal-
culations ranged from 0 to 7 fm for the impact parameters, 
with a few fusion reactions beyond 7 fm.

4 � Results and discussion

The experimental fusion cross-section data utilized here 
were obtained from  [23, 24]. The 6Li + 13C and 7Li + 12C 
reaction systems were obtained using beams from a 3-MV 
pelletron accelerator at the Institute of Physics, Bhubane-
swar, impinging on enriched 13C (∼ 60 μg/cm2 ) and natural 
12
C ( ∼ 48 μg/cm2 ) targets, respectively. Fusion cross sections 

were determined using the in-beam gamma-ray spectroscopy 
method, where the characteristic gamma rays of residual 
nuclei were detected by HPGe detectors positioned at 125◦ 
(and 90◦ for 6Li + 13C).

For the AMD simulations, the criterion of Z > 6 for the 
definition of TF events was chosen to ensure that only events 
were included, where the majority of the charge from the 
projectile and the target nuclei fused to form a single heavy 
fragment. For the systems studied ( 6Li + 13C and 7Li + 12C ), 
the combined charges (Z) of the projectile and the target 
were 9. By imposing Z > 6, peripheral reaction processes 
are effectively excluded, which typically result in fragments 
with a lower Z and focus on capturing events corresponding 
to total fusion. This approach provides a clear separation 
between the fusion and nonfusion reaction channels.

Figure  2 shows a comparison of the experimentally 
observed fusion cross sections (solid circles) with the cal-
culated values. Those that emerged with Z > 6 at the end of 
the AMD simulations are denoted as TF (open squares), and 
those with Z = 9 (sum of projectile and target Z) are denoted 
as CF (open triangles).

The absolute fusion cross sections of the TF predicted by 
the AMD simulations (open squares) demonstrate excellent 
quantitative agreement with the experimental measurements 
within uncertainties on an absolute scale for centers of mass 
E
cm

 larger than the barrier. The simulated cross sections 
were calculated directly from the number of fusion events 
generated across the simulated impact parameter space. The 
experimental fusion cross sections for both the 6Li+13

C (a) 
and 7Li+12

C (b) systems were accurately reproduced by 
TF (open squares) calculations at energies above the bar-
rier. However, for the 6Li+13

C system, the TF calculations 

significantly predicted the observed cross sections at ener-
gies below the barrier. This under-prediction is attributed to 
the inability of the current AMD implementation to model 
the quantum tunneling of clusters through the Coulomb 
barrier, a phenomenon that substantially enhances fusion at 
these low energies. Additionally, for CF, the formation cross 
sections of CF in the primary AMD events are plotted by 
open triangle symbols. From Fig. 2, the differences in cross 
sections between AMD CF and AMD TF for the 6Li system 
are larger than those for the 7Li system. This observation 
suggests that the higher ICF fractions for reactions induced 
by 6Li compared to those induced by 7Li reflect that 6Li 
exhibits a more weakly bound cluster structure relative to 
7
Li . Weaker binding facilitates the breakup of 6Li into con-

stituent clusters during collision. The calculated ICF prob-
abilities directly reflect the stability of the nuclear structures. 
More fragile configurations are susceptible to dissociation 
into fragmented reaction pathways.

Figure 2 also presents the secondary decay results, fil-
tered for atomic numbers ( Z > 6 ), obtained by coupling the 
AMD code with the statistical decay code GEMINI. The 
GEMINI code was used to simulate the secondary decay of 
the primary reaction products generated in AMD simula-
tions. The fusion cross sections predicted by the combined 
AMD-GEMINI approach were underestimated compared to 
the experimental values. This discrepancy can be attributed 
to the inherent limitations of the GEMINI model, particu-
larly its statistical framework, which may not sufficiently 

Fig. 2   Excitation functions for the 6Li + 13C system (a) and 7Li + 12C 
system (b). Solid circles represent experimental results and are taken 
from [23, 24]. Open squares are the primary AMD results filtered by 
Z = 9 , whereas open triangles are filtered by Z > 6. Open circles are 
secondary AMD+GEMINI results filtered by Z > 6
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account for the dynamic effects of the de-excitation process. 
To ensure the robustness and convergence of the simulation 
results, additional calculations were performed by coupling 
AMD with GEMINI using a shorter stopping time ( t = 1000 

fm/c) in addition to the t = 2000 fm/c simulations presented 
in the manuscript. As shown in Fig. 3, the total fusion cross 
sections obtained with AMD (t = 1000 fm/c)+GEMINI are 
in very good agreement with those obtained from AMD 

Fig. 3   (Color online) Time evo-
lution of the 2D density plots 
for typical fusion reactions for 
7
Li + 12C system. The impact 

parameter, incident energy, and 
the reaction product resulting 
from the simulations are indi-
cated at the top of each figure. 
The density plot is made by pro-
jecting that of all nucleons on 
the X-Z plane. The contour lines 
are plotted on a linear scale
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( t = 2000 fm/c)+GEMINI across the entire energy range 
for both reaction systems. This confirms that the calculated 
results are stable for the choice of AMD stopping time. In 
our analysis, TF events, including both CF and ICF events, 
were used as inputs for GEMINI statistical decay calcula-
tions. However, it was observed that the TF cross sections 
obtained from GEMINI corresponded only to the CF cross 
sections from AMD. This suggests that during the decay pro-
cess, contributions from ICF events were effectively decayed 
by the GEMINI. As a result, the TF cross sections predicted 
by GEMINI were found to be lower than the experimental 
values, as only CF events survived after statistical decay.

To investigate the dynamic mechanism of the fusion 
reactions, Fig. 3 exemplifies the temporal evolution of the 
nuclear densities exhibited in the CF and ICF reactions, as 
simulated within the AMD framework for 7Li + 12C system. 
The left panel depicts a CF event in which the entire projec-
tile fuses with a target. The middle and right panels illustrate 
ICF processes distinguished by partial projectile absorption, 
and only the � particle or triton cluster is captured, whereas 
its deuteron/triton or � particle partner acts as a spectator 
fragment. Such binary transfers occur preferentially at higher 
impact parameters. For each energy, thousands to tens of 
thousands of collision events were simulated in proportion 

to the fusion cross section across the designated impact 
parameter range. The tracking of the time-resolved density 
distributions revealed the microscopic dynamics underlying 
the CF and ICF reaction mechanisms in the AMD approach. 
Therefore, in Fig. 3, one can see the fusion processes occur 
around 300 fm/c, which leads to the formation of compound 
nuclei. Subsequently, in the context of ICF scenarios, these 
compound nuclei undergo disintegration around 500 fm/c.

In Fig. 4, the fusion channel distribution in the primary 
stage is shown as a probability distribution for 7Li + 12C 
system. Only the top three major channels were plotted. The 
19
F and 15N+� channels dominate the fusion reaction at all 

selected energies. CF occurred in approximately 70–80% 
of these four cases. The third channel contribution is from 
different reactions at different incident energies, but their 
probabilities are only in the few percent range.

The distribution of the fusion channel in the primary 
stage for the 6Li + 13C system is shown in Fig. 5 as a 
probability distribution. Only the top three major chan-
nels were plotted for each incident energy. 19F formation 
(about 25% to 40% ) is also the most probable channel at 
all selected energies as 7Li + 12C system. At lower incident 
energies of 4.1MeV and 5.2MeV , the other two dominant 
channels are 12C + � + d+ n and 15N+� . As the energy 

Fig. 4   Primary major exit 
channel distribution at different 
incident energies for 7Li + 12C 
system
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increases to 6.4MeV , 16O + d + n and 12C + � + d + n 
remain the second and third largest, respectively. At the 
higher energies of 7.1MeV , 15N + � and 14N + � +n domi-
nate the second and third fusion reactions, respectively. 
In general, the CF leading to 19F is the primary reaction 
mechanism at all incident energies for 6Li + 13C.

However, 7Li + 12C and 6Li + 13C form the same com-
pound nucleus 19F at the same excitation energy and pro-
duce similar total fusion cross sections; as shown in Fig. 2, 
the results obtained from Figs. 4 and 5 reveal significant 
differences in the contributions of various reaction mecha-
nisms. This indicates that the structure of the entrance 
channel has a substantial impact on the cross sections of 
the exit channel. Although the 6Li + 13C and 7Li + 12C sys-
tems share similarities in bulk properties, such as binding 
energies and rms radii, the substantial differences in their 
complete fusion (CF) characteristics, as shown in Figs. 2, 
4, and 5, are attributed to variations in their cluster struc-
ture and breakup dynamics. Crucially, the breakup thresh-
old of 6Li into � + d (1.47 MeV) is significantly lower than 
that of 7Li into � + t (2.47 MeV). This inherent instabil-
ity of 6Li increases the probability of projectile breakup 
before fusion, channeling a larger fraction of reactions 

into incomplete fusion (ICF) pathways. Consequently, the 
relative contribution of complete fusion is considerably 
reduced for the 6Li + 13C system compared with the 7Li 
+ 12C system, underscoring the strong influence of the 
structure of the entrance channel on the reaction.

AMD simulations for the 6Li + 13C and 7Li + 12C systems 
address the competing theories of fusion enhancement (owing 
to extended radii) versus suppression (due to breakup) for 
weakly bound nuclei. While both systems exhibit cluster struc-
tures, the more weakly bound 6Li exhibits a significant breakup 
into �+d, particularly near the barrier. This is evidenced by the 
higher fraction of ICF for 6Li than for 7Li . Although the TF 
cross sections are similar, the CF fraction is notably lower 
for 6Li , indicating a more frequent prefusion breakup. Con-
sequently, our results suggest that for these cluster structure 
projectiles, CF breakup and the associated suppression play a 
dominant role near the barrier, especially for 6Li.

5 � Summary

In this study, the fusion dynamics of 6Li + 13C and 7Li + 
12
C systems near the Coulomb barrier were investigated 

using an AMD theoretical model. The AMD framework 

Fig. 5   Primary major exit 
channel distribution at different 
incident energies for 6Li + 13C 
system
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was first applied to generate ground-state configurations 
of the 6,7Li and 12,13C nuclei. The spatial density distribu-
tions and single-particle localization plots revealed pro-
nounced cluster structures in 6Li and 7Li , characterized by 
well-developed d(t)+� configurations. In contrast, 12,13C 
exhibited more uniform densities without clear clustering. 
AMD simulations of the fusion reactions were then per-
formed from 3 to 7.6MeV center-of-mass energy. The total 
fusion cross sections predicted by AMD showed very good 
agreement with the experimental data above the Coulomb 
barrier. Below this barrier, calculations underestimated 
the measurements because of AMD’s inability of AMD 
to model quantum tunneling. Analysis of the reaction 
dynamics provided insight into the complete and incom-
plete fusion mechanisms. Complete fusion was found to 
be dominant at all incident energies, whereas partial cap-
ture of cluster constituents preferentially occurred through 
incomplete fusion at wider impact parameters. Cluster 
stability effects were also observed, with 6Li exhibiting 
a higher probability of incomplete fusion than the more 
robust clustered 7Li . In summary, the AMD model suc-
cessfully described the fusion cross sections and reac-
tion pathways in these light-exotic systems. The cluster 
structures within the projectiles influence the competition 
between the complete and incomplete fusion channels. The 
results highlight how intrinsic nuclear properties govern 
near-barrier fusion dynamics.
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