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Introduction
In recent years, incomplete fusion reactions

(ICF) were extensively studied in light and
heavy-ion (L/HI) induced reactions at low
energies around the Coulomb barrier, where
complete fusion (CF) expected to be domi-
nant reaction mode [1–3]. In case of CF pro-
jectile completely fuses with the target nucleus
and forms an excited compound nucleus (CN),
which de-excites via emission of lighter parti-
cles and γ-rays. However, in case of ICF, pro-
jectile breaks into two fragments in the vicin-
ity of target nucleus, one of them fuses with
target nucleus and forms an excited compos-
ite system, while remnant moves in forward
direction with same velocity as of projectile.
The composite system formed in ICF also de-
excites via emission of light particles and γ-
rays. ICF reactions were first observed in early
sixties, where Britt and Quinton et al. [4] ob-
served fast (non-evaporated) α-particles in the
reaction of 12C, 14N and 16O projectiles with
Ni, Bi and Au targets. Later, similar phe-
nomenon were reported by Galin et al. [5].
However, after that a large number of stud-
ies have been done to explore the dynamics of
these reactions.

In more qualitative way, the CF and ICF re-
actions are disentangled on the basis of driving
input angular momentum (l). Central colli-
sions i.e. 0 ≤ l ≤ lcrit lead to CF due to avail-
ability of fusion pocket (for CF of projectile) in
effective potential energy curve. The effective
potential (sum of three potential viz. attrac-
tive nuclear potential, repulsive Coulomb and
centrifugal potentials) is attractive in nature.
However, for non-central collisions/at higher l
- values (l ≥ lcrit) repulsive centrifugal poten-
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tial overcome the attractive nuclear potential,
therefore, fusion pocket in the effective poten-
tial curve disappears or not enough to capture
whole projectile. As a consequence, to sustain
input l value projectile breaks into two parts
and leads to ICF. The CN formed in case of
CF have pre-determined mass/charge, excita-
tion energy and angular momentum. How-
ever, in case of ICF composite system (CN
formed due to partial fusion of projectile) have
less mass/charge, excitation energy and higher
l (due the non-central collision of projectile) as
compared to CN formed via CF.

To understand ICF reaction dynamics sev-
eral theoretical model have been proposed
viz. Sum-Rule model [6], Break-up Fusion
(BF)-model [7] and Promptly Emitted Parti-
cles (PEP)-model [8] etc. Wilczynski et al.
[6], in their Sum-Rule model suggested that
ICF comes naturally at higher value of l (l
≥ lcrit) and occurs at non-central or periph-
eral collisions. According to the BF-model [7]
it is assumed that projectile breaks into α-
clusters (e.g., 14N may break-up into 10B +
α) in target nuclear field which leads to par-
tial fusion (ICF). But none of the aforemen-
tioned model explain ICF satisfactorily below
10 MeV/nucleon. In the present study, fu-
sion l distribution window for the system 14N
+ 169Tm is interpreted with the Sum-Rule
model at three different energies [9, 10]. Sum-
Rule model is based on the idea of the gener-
alized concept of critical angular momentum
and partial statistical equilibrium.

Results and Discussion
According to the Sum-Rule model, the CF

probability is nearly unity below lcrit and
ICF starts contributing with CF only when l
≥ lcrit. However, several recent studies [1–3]
reported that ICF contributes significantly
below the lcrit. For the better understanding,

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 541

Available online at www.sympnp.org/proceedings



0

2 0

4 0

0

2 0

4 0

0 1 0 2 0 3 0 4 00

2 0

4 0

� c r i t  =  4 2 . 7 �   
� m a x  =  2 7 �   

� ( � )

 7 0 . 2  M e V

� m a x  =  3 1 �   
 7 3 . 9  M e V

� m a x  =  3 4 �   

� �
(m

b)
� �

(m
b)

� �
(m

b)

 7 6 . 6  M e V

FIG. 1: Fusion l distribution for the system 14N
+ 169Tm at various projectile energies in centre
of mass frame.

the fusion l-distribution for the system 14N +
169Tm is calculated at three studied energies
[9, 10] using CCFULL [11] code and are
presented in Fig 1. The lcrit for 14N + 169Tm
system is calculated using the Wilczynski et
al. [6] formalism and found to be 42.7 ~. The
maximum value of angular momentum lmax

at aforementioned energies is found to be 27,
31 and 34 ~ which is lower than the lcrit of the
system. However, the previous measurements
[9, 10] clearly reveals that ICF contribute
significantly at these energies. Hence, the
present work specifies that the existence of
l waves below the lcrit which contributes for
the ICF.
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