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Abstract 

The theoretical calculation of the energies of projectile like fragments (PLFs) using the heavy-ion reactions 
between 76Ge and 198Pt are reported in this article. The incident beam energy was 635 MeV. The calculated values 
of PLFs are compared with the previous experimental results and it is shown that the theoretical calculations of 
PLFs are consistent with the experimental values. The elastic peak of the projectile is compared theoretically and 
experimentally. Moreover, the Q-value and binding energy of PLFs were also calculated. 
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1. Introduction 

Heavy-ions deep-inelastic collisions (DICs) are 
currently one of the most rapidly developing trends 
to find the nuclear structure of neutron-rich and 
proton-rich nuclei. DICs have properties of two 
quite opposite nuclear processes: compound 
nucleus decay and direct reactions. Like direct 
reaction, DICs have strong coupling between the 
input channel and the output reaction channels. 
DICs products do not exist in the direction of the 
motion of initial nuclei or their atomic and mass 
numbers in compound nucleus decay [1]. The 
peculiar properties of DICs are very important to 
the study of both proton rich as well as neutron rich 
nuclei. Usually proton rich nuclei could be 
produced in a fusion reaction and neutron rich 
nuclei are produced in fission reactions [2]. 

The structures of neutron-rich nuclei produced in 
the DICs were studied by in-beam -ray 
spectroscopy with a crystal ball, which was a large 
array of Ge detectors with anti-Compton shields. 
Several DICs studies of the neutron-rich nuclei 
were also conducted by the German national 
laboratory for mass separator heavy ion research 
(GSI) group [3-6]. However, only a few number of 
nuclei have been studied by means of in-beam -ray 
technique. Broda and his collaborators observed  
rays of 64-68Ni using the DICs with the projectile energies 
not so high from the Coulomb barrier [7]. Besides those 
 
*Corresponding author 
Received: 5 June 2012 / Accepted: 9 November 2013 

methods, an experiment was carried out at the 
Japan Atomic Energy Agency (JAEA), Tokai-
Mura, Ibaraki to investigate the isomers around 68Ni 
by deep-inelastic collisions 76Ge (635 MeV) + 198Pt. 
This effort led to identifying 13 isomers and was 
reported to the journals [2, 4, 5, 8]. The 
experimental fragments energies were measured by 
known E-E counter telescope [5]. Recently, we 
have calculated Compton scattering of 662 keV 
gamma rays proposed by Klein-Nishina formula 
and isomers around 68Ni [9, 10]. The theoretical 
energies of projectile-like fragments in DICs have 
not been calculated yet. At present, we have 
calculated projectile-like fragments in 76Ge (635 
MeV)+198Pt DICs and compared them with 
previous experimental values [2]. 

1. Theoretical calculations 

Binding Energy (B.E) 

The binding energy [10] can be calculated using: 
 
B.E = Δm. c2                                                         (1) 
 
where Δm (mass defect) = [Z (mp+me) + (A-Z)mn] – matom 

Z is the atomic number, A is the mass number, mp 
is the mass of proton, mn is the mass of neutron and 
c is the velocity of light. 
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