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Data Analysis and Results 

 

Experimental set up 
 

Abstract: The evaporation residue (ER) excitation functions for 16O+142,150Nd and 19F + 142,150Nd  were measured at energies from 12% below 

to 50% above the barrier and around 15% below to 30% above the barrier respectively. Measurements were carried out by employing the recoil mass spectrometer Heavy Ion Reaction 

Analyzer (HIRA) at IUAC, New Delhi. To study the behavior of the fusion excitation function and the effect of couplings at sub-barrier energies, the excitation function was analyzed in the 

framework of the coupled-channels code CCFULL. 

 
 

 The coupling of internal degrees of freedom such as transfer of valence neutrons, neck formation, zero 

point motion, and static deformation have been considered in order to explain observed enhancements 

of the fusion cross sections. 

 

 Although coupled channels (CC) formalism is quite successful in establishing the role of internal 

degrees of freedom there are many uncertainties in disentangling the role of each degree of freedom in 

the fusion process. 

 

 Deviations from CC calculations have been noticed at deep sub-barrier energies as well as at energies 

much above the Coulomb barrier which could not be explained by the theoretical calculation. 

Facility: The experiments were performed at the 

Heavy Ion Recoil Analyser (HIRA)  facility of 

IUAC, New Delhi.  
 

Beam: Pulsed beam of 16O and 19F with a repetition 

rate of 4μs delivered from the   15 UD Pelletron 

accelerator. 
 

Targets: 142,150Nd targets of thickness 140 μg/cm2 

and 162 μg/cm2 respectively,  with  carbon backing 

of 38 μg/cm2. 
 

 A 30 μg/cm2 thick carbon foil was placed 10 cm 

downstream from the target to reset the charge 

state of the ERs. 

 

 For the unambiguous detection of the ERs, a 

time-of-flight (ToF) was set up using the radio 

frequency (rf) signal as the start and MWPC 

timing signal as the stop. 
 

 

 The ERs were selected through the two-

dimensional spectrum of ER energy loss (ΔE) 

Vs ER TOF. 

 

 The total ER cross section is given by  𝜎𝐸𝑅 𝑚𝑏 =  
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 The transmission efficiency of HIRA was calculated by using the semi microscopic Monte Carlo code, 

TERS [4, 5] for each xn-evaporation channel at all energies. 
 

 The fusion excitation function has been obtained by plotting the fusion cross-sections as a function of 

energy, and compared with the predictions of CCFULL [6] 
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Reaction V0(MeV) r0(fm) a0(fm) 

16O+142Nd 61.85 1.18 0.65 
16O+150Nd 62.31 1.18 0.65 

Nucleus E2+(MeV) β2(rot) E3-(MeV) β3(vib) 

16O 6.92 0.353 6.13 0.733 
142Nd 1.575 0.0917 2.084 0.127 
150Nd 0.13 0.285 0.934 0.106 

 We have measured the ER excitation functions for the reactions 16O + 142,150Nd and 19 F + 142,150Nd  in 

the energy range from 12% below to 50% above the barrier and around 15% below to 30% above the 

barrier respectively. 
 

 The observed enhancement in the sub barrier cross section compared to the 1D-BPM could be 

explained by the incorporation of various inelastic excitations in the CC calculations. 

 

 In the case of 16O + 142,150Nd reaction the observed deviation in the fusion cross section at well above 

barrier could be explained by choosing a higher value of diffuseness parameter which hints a dynamical 

effect sets in at higher excitation energies. 
 

 When comparing the later reaction the effect of projectile coupling is observed in the fusion process of 
19 F + 142,150Nd, which is due to the low lying first excited states of the projectile. 
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 Fusion is characterized by the formation of the 

equilibrated compound nucleus (CN) [1] which may 

be formed by overcoming the Coulomb barrier or 

tunneling through the barrier.  

 

 Fusion cross sections are found to be enhanced, in 

some cases by several orders of magnitude, over the 

prediction from the one-dimensional barrier 

penetration model (1DBPM) near and below the 

Coulomb barrier [2,3]. 
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Detectors : A two-dimensional position-sensitive multi wire proportional counter (MWPC) with an 

active area of 150 mm x 50 mm for detecting ERs and two silicon surface barrier detectors to measure 

elastically scattered beam particles and to get absolute normalization of ER cross sections. 
 

Method : The ERs formed in the reaction are separated from the heavy beam background by employing 

heavy ion mass analyzer which will reject the primary beams and select only the products of our interest 

and will be guided into the focal plane. 

 

Energy loss versus TOF spectra for  16O + 142Nd 

at 88MeV beam energy.  

 Ion beams 

 The ER cross section was taken to be equal to the total fusion cross section since the fission 

contribution in this energy region is negligible.  

 The Akyüz-Winther (AW) [7] parametrization of 

the nuclear potential was used to obtain the 

potential parameters V0, r0, and a in CCFULL 

calculations. 

 

 

 

 

 The experimental fusion cross sections in the 

energy range Vb < E < 1.2Vb is plotted against the 

inverse of center-of-mass energy (E). The x 

intercept of the linear fit gives the inverse of 

experimental barrier. 
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Reaction 

Coupling  

Enhancement 

Above Barrier 

<30% above >30% above Projectile Target 

16O + 142Nd Nil Vibration  Quite Small Fits well Unable to explain 

16O + 150Nd  Nil Rotation Larger Fits well Unable to explain 

19F + 142Nd Rotation Vibration Smaller Fits well Could not reach 

19F + 150Nd Rotation Rotation Very large Fits well Could not reach 

The general trend of coupled channel calculations required to fit the fusion cross sections  

Potential 

Parameters 

V0 

(MeV) 

r0 

(fm) 

a0 

(fm) 

Vb 

(MeV) 

AW (old) 65 1.19 0.65 59.0 

AW (new) 100 0.99 1.10 59.0 

 CC calculations assuming AW potential parameters 

over predict fusion at energies well above the barrier. 

 

 A diffuseness parameter in the range 1.0–1.1 fm is 

required to fit the cross sections 

 The inadequacy of AW potential parameters hints at the role of dynamical effects in fusion at higher 

energies. 
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The extracted fusion cross section along with the coupled channel calculation for all the reaction 

studied are given in the figure. 

Coupling scheme of various reaction parameters  used in the CC calculations are tabulated 


