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The study of fission like events in heavy 

ion (HI) reactions at low energies has been a 

topic of interest for the last several years. 

Reactions induced by HIs are important, as both 

the projectile and target are heavy ions, so large 

input angular momentum is involved and, 

therefore, the composite system can be produced 

with relatively high spin. Since, the de-Broglie 

wavelength associated with incident HI’s is 

comparable to the nuclear dimensions, therefore, 

the interaction may be treated semiclassically. 

The classical trajectories of a projectile leading 

to the different reaction processes may be 

classified on the basis of impact parameter [1]. 

Furthermore, on the basis of driving input 

angular momenta (l) imparted to the system, the 

reactions may be categorized broadly into 

complete fusion (CF) and incomplete fusion 

(ICF) processes. For l > 0 to l < lCrit the CF 

occurs, however for l > lCrit, ICF takes place. It 

may, further, be pointed out that the resultant 

composite system formed via CF and/or ICF 

may attain thermodynamic equilibrium and at 

later stages the compound nucleus may de-excite 

via the emission of light nuclear particle(s) and 

the characteristics γ-rays. The excited composite 

system, on the other hand, may also undergo 

fission depending on the available excitation 

energy, angular momentum, entrance channel 

mass asymmetry, etc. [2, 3]. The measurement of 

production cross-sections of such fission 

residues in HI interactions, have been 

extensively carried out during the last few years 

and a large amount of experimental data for 

various fissioning systems has been generated, 

leading to the development of various nuclear 

models [4-6]. Studies on the effect of excitation 

energy and angular momentum on various 

fission observables have provided deeper insight 

into the nuclear reaction dynamics. Most of the 

investigators have concentrated on nuclei like 
235

U and 
239

Pu, to produce a tremendous amount 

of high precision data necessary for the technical 

application in nuclear reactors [7]. The 

development of future nuclear power reactors 

with applications of hybrid technologies using 

accelerator based incineration systems [7] 

require knowledge of precise experimental cross-

sections of such nuclear reaction products in a 

wide range of energy and projectile-target 

combinations. Moreover, such experimental data 

is also required to determine optimum irradiation 

conditions for producing radioactive 

isotopes/beam of interest. 

In view of the above, experimental 

studies for 
16

O + 
181

Ta system have been 

performed at the Inter University Accelerator 

Centre (IUAC), New Delhi, India using the 

recoil-catcher technique followed by γ-

spectroscopy. Self supporting samples of 
181

Ta 

(≈ 99.99%) of thickness ≈1.5 mg/cm
2
 were 

pasted on Al-catcher foils. The irradiations were 

carried out in the General Purpose Scattering 

Chamber (GPSC), of 1.5 m diameter having an 

In-vacuum Transfer Facility. Further details of 

the experiment are given elsewhere [8]. 

In the present work, production cross-

sections of ≈ 30 fission fragments (30 ≤ Z ≤ 60) 

produced in 
16

O + 
181

Ta interaction have been 

measured at 97 and 100 MeV incident energies. 

A list of the identified fission fragments at ELab ≈ 

97 MeV and 100 MeV beam energies are given 
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in Table I. The total production cross-sections 

for the presently measured fission fragments are 

found to be ≈ 408 and  ≈ 579 mb, at 97 and 100 

MeV, respectively. It may, however be pointed 

out that these measured values for the total 

fission cross-section give only a lower limit as 

many fission fragments, either stable or of short 

half-lives, could not be observed in the present 

work. 

 

Table I: A list of identified fission-like residues.  

 

The mass distribution of fission products is 

one of the important observables directly related 

to the collective dynamics of processes [9]. In 

the present work the measured mass distribution 

of fission fragments have been found to be 

symmetric, as expected. Further, in some cases 

several isotopes of a given element have been 

found to be populated. As a representative case 

experimentally determined yield distribution of 

Yttrium isotopes at 100 MeV incident energy is 

shown in Fig.1. Since, only the metastable states 

of 
90,91

Y have been measured, the contribution of 
90,91

Y isotopes shown in Fig.1, are expected to go 

up which is indicated by upward arrows. As may 

be seen from this figure the isotopic yield 

distribution has Gaussian shape, as expected. 

Furthermore, the variance (σ
2
) of the isotopic 

yield distributions obtained in the present 

measurements agree closely to the literature 

values [10] for other fissioning systems. The 

present experiments at low energies (≈ 6 

MeV/A) indicate that apart from complete fusion 

and incomplete fusion processes [11], fission of 

the excited composite system is also quite 

significant. As such, contributions of fission 

should also be taken into account while 

predicting the total reaction cross-sections. 

Additional information on various observables of  

Fig.1 Isotopic yield distribution for Yttrium 

isotopes in 
16

O + 
181

Ta system at Elab ≈ 100 MeV. 

 
fusion-fission reaction dynamics may be 

obtained by measuring the angular distribution of 

the fission fragments. The details of the present 

measurements will be presented. 
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