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Study of heavy-ion induced nuclear reactions has been an active area of investigation for last couple
of decades [1-3]. In the present work, the excitation function of fusion-evaporation residues popu-
lated through complete fusion (CF) and incomplete fusion (ICF) for 18O + 103Rh system are measured
in the energy range of 3 to 6 Mev/A. The off-line γ-ray spectroscopy associated with high purity
HPGe Clover detector method was employed. The measured residual cross were analyzed with the
theoretical estimations from statistical model code PACE4 to understand the reaction mechanisms
involved in the low energy region. It has been observed that the measured excitation functions of
xn and pxn emission channels agree well with the theoretical predictions of PACE-4. Furthermore,
the measured excitation functions of α-emission channels are found to be significantly enhanced
over their theoretical predictions. The enhancement of cross-section values over theoretically ob-
tained may be assigned to incomplete fusion process. An attempt has also been made to evaluate
the incomplete fusion strength function for 18O+103Rh and is compared with that obtained for the
16O+103Rh system [4]. It has been found that two neutron excess projectile (18O) contributes more
to incomplete fusion as compared to 16O projectile. The reason may be due to alpha-Q value of pro-
jectile. Moreover, a strong dependency of incomplete fusion fraction has been found with Coulomb
factor and mass asymmetry of interacting partners.

References:

[1] A. Agarwal et al., Phys. Rev. C 103, 034602 (2021).
[2] A. K. Jashwal et al., Eur. Phys. J. Plus 138, 1069 (2023)
[3] K. Kumar et al., Phys. Rev. C 87, 044608 (2013).
[4] U. Gupta et al., Nucl. Phys. A 811, 77 (2008).

Decay of the spontaneous fission isomers in the Coulomb field of
third nucleus
Author: Farrukh Otakhonov1

Co-authors: Shuhrat Kalandarov 1; Yury Pyatkov 2

1 BLTP, JINR
2 FLNR, JINR

Corresponding Author: farrux_otaxonov99@mail.ru

Spontaneous ternary decay of the 252Cf was observed in series of experiments carried out in Flerov
Lab. of Nuclear Reactions, JINR [1-3]. In those experiments, the existence of a new type of ternary
decay in the reaction 235U(nth,f) and 252Cf(sf), namely collinear cluster tri-partition (CCT), was
reported. It is also observed that spontaneous fission products with the mass number around 120-
130 goes into secondary fission channel when they interact with the foil (Al, Cu, Pt).
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In this work, we develop a model for calculation of decay half-lives of spontaneous fission isomers,
formed in spontaneous ternary fission of 252Cf, in the Coulomb field of foil nucleus. Our model
is based on the TNS model, developed for description of ternary decay process of heavy nuclei [4].
The spontaneous fission isomers are treated as a dinuclear system, formed during the ternary decay
of 252Cf. The results of calculations show us that the decay half-life of dinuclear system strongly
effected by collective excitations caused by Coulomb field of foil nucleus.
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In heavy-ion induced reactions, the interaction mechanism is primarily governed by the projectile
beam energy and angular momentum (L) of the composite system. The collision of two heavy nuclei
can generate a significantly large reaction angular momentum. This is because heavy-ion projectile
beams (Z > 4) can transfer more L to the nucleus in a given reaction compared to light-ion beams.
Therefore, a fissioning nucleus can be produced through different projectile-target nuclei combina-
tions, but the reaction channel that has been carried out using the heaviest projectile beam will be
produced at comparatively higher angular momentum. In addition to excitation energy, the value of
L in a heavy-ion reaction also influences the valley of the potential energy surface (PES) of the fis-
sioning nucleus [1-4]. Therefore, an attempt has been made to produce a fissioning nucleus through
different entrance channels at similar excitation energies in order to investigate the role of entrance
channel angular momentum on different reaction mechanisms.
The experiments were performed at the Flerov Laboratory of Nuclear Reactions (FLNR), JINR, Russia,
using energetic beams of 16O and 48Ca delivered from the U400 cyclotron. The thin targets of 208Pb
and 176Yb were bombarded with the 16O and 48Ca beams, respectively at different beam energies to
produce the same fissioning nucleus, 224Th around the barrier from ECM /VB ≈ 0.96 − 1.28. The
measurements of the reaction binary products were carried out by utilizing the double-arm time-of-
flight (TOF) spectrometer CORSET [5]. Assuming the conservation of mass of the composite system
of projectile and target, the double-velocity method was employed to determine the mass and energy
of the reaction products.
The Mass-Total Kinetic Energy (M-TKE) distributions of the primary binary fragments from 224Th
has been obtained from the two different reactions. However, the former reaction, 208Pb(16O, f ) is
expected to follow a purely CN fusion-fission process based on the charge product (Z1Z2) of the
reactions that is about 656 and 1400, respectively. Therefore, the Coulombic repulsion barrier is

Page 77


