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NUCLEAR DISSIPATION in FUSION-FISSION 
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Neutron Multiplicity Results : 220,222,224Th

Kajol Chakraborty, DU                                                                                                                                                        2/11  

16 scintillators in reaction plane for pre- and 
post-scission neutron multiplicity through 
neutron-TOF measurements. Experiment 
done @ National Array of Neutron Detectors 
(OLD NAND) at IUAC, New Delhi.

204, 206, 208Pb 220, 222, 224Th+16O

(a) Variation of pre-scission (ν
pre

) and (b) 
total (ν

tot
) multiplicities with excitation 

energy (E*) for the present measurement 
(filled symbols) and from [1] (open 
symbols).

[1] Rossner et al., Phys. Rev. C 45 (1992) 719.



Systematics of pre-scission neutron multiplicities
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E1 bin
45 MeV ≤ E* ≤ 55 MeV

197 ≤ A
CN

 ≤ 251

28 reactions 

A
P
 ≤ 20

E2 bin
55 MeV ≤ E* ≤ 65 MeV

E3 bin
65 MeV ≤ E* ≤ 75 MeV



Systematics of pre-scission neutron multiplicities
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Variation of ν
pre

 in the energy group E
2
 along (a) the fissility parameter χ and (b) the ratio of entrance channel mass 

-asymmetry to Businaro-Gallone mass asymmetry parameter (α/α
BG

).

U. Businaro, S. Gallone, Nuovo Cimento  5 (1957) 315–317.



Systematics of pre-scission neutron multiplicities
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Statistical Model Analysis
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Potential energy as a function of elongation. 

Figure is courtesy of T. Banerjee et al., Phys. Rev. C 99, 024610 (2019)

 Reduced dissipation strength, β tuned to 
reproduce ν

pre

Kramers’ fission width 

Bohr Wheeler fission width 

collective enhancement in the level density

nuclear orientation along the symmetry axis



Statistical Model Analysis
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Calculated fusion cross sections (solid lines) 
compared with experimental values 
(symbols) for 16O + 208Pb [1] and 19F + 181Ta [2]

 1. Morton et al., Phys. Rev. C 52 (1995) 243–251.

 2. Charity et al,, Nucl. Phys. A 457 (1986) 441–460.

FRLDM fission barrier 

Ignatyuk’s level density 

 A.J. Sierk, Phys. Rev. C 33 (1986) 2039–2053.

 Ignatyuk et al., Yad. Fiz. 21 (1975) 485–490.

Shell Corrections in Fission Barrier and 
Level Density Parmeter

 Two Set of Calculations : Set I (without) 
and Set II (with) shell corrections.



Set-I Results : Impact of Entrance Channel Shell Closure
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K. Chakraborty, M.T. Senthil Kannan, Jhilam Sadhukhan, S. Mandal,  Physics Letters B 843 (2023) 138021

Variation of the reduced 
dissipation coefficient β with 
δ

sh
 obtained for Set-I in the 

excitation energy bin (a) E1, (b) 
E2, and (c) E3

(c)



Set-II Results : Impact of Entrance Channel Shell Closure
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Variation of the reduced 
dissipation coefficient β with 
δ

sh
 obtained for Set-II in the 

excitation energy bin (a) E1, (b) 
E2, and (c) E3



Results : Impact of Entrance Channel Shell Closure
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Variation of β with δ
sh

 obtained by 
fitting the ER cross-section data

Hypothesis of complete equilibrium 
invalid!!
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