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ÁHalf-life: from 1021 years (232Th) to 
ΧлΦнр Ƴǎ ό250No) covering more 
than 30 orders of magnitude!

ÁApplications of induced fission in 
ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴΧ ŀƴŘ ƻǘƘŜǊ 
things

Spontaneous fission Induced fission
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Spontaneous fission Induced fission

Half-lives

Á Properties of fission fragments
Å Charge and mass distribution
Å Total kinetic energy
Å Excitation energy

Á Neutron spectrum

Phys. Rev. C 83, 064612 (2011)

Krappe& Pomorski,
Theory of Nuclear Fission, Springer-
Verlag2012



Warming up gently

A Brief History ofé Nuclear 

Fission Theory
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ÁNucleus is a charged quantum liquid drop                     with some 
deformation parameters

ÁMass formula (Bethe-Weiszäcker, 1935) characterized by handful 
of parameters fitted on atomic masses

ÁIncident neutrons bring enough energy to pass the barrier and 
break the LD

CǊƻƳ ²ƛƪƛǇŜŘƛŀΣ άSemi-Empirical Mass FormulaέΣ 
http://en.wikipedia.org/wiki/Semi-empirical_mass_formula
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ÁRecognize the role of individual nucleons: 
shell correction 
Å Nuclear Shell Model (1949): nucleons as 

independent particles in some nuclear potential
Å Quantum mechanics 101 problem: solve 

Schrödinger equation for some quantum well
Å Shell structure brings a correction to the liquid 

drop energy

ÁRecognize the role of residual interactions: 
pairing correlations bring extra binding  and 
lead to 

Goeppert-MayerJensen

Nature 469, 68 (2011)
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ÁMacroscopic-microscopic models

ÁExplains deformed ground-states of 
nuclei, fission isomers, double-
humped fission barriers, variety of 
fission products, etc.

ÁAccuracy of the model depends on
Å Fit of free parameters of LD and mean-

field (Nilsson, Woods-Saxon)
Å Number of deformations q

Phys. Rev. C 5, 1050 (1972)

High excitation energies in induced fission 
also requires nuclear temperature
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Spontaneous Induced 

Potential energy 
surface (PES)
ÅPhenomenological: 
parameterized
ÅMicroscopic: 
derived from 
(effective) nuclear 
forces

Scission
ÅArbitrary 

criterion 
ÅFrom quantum 

mechanics

Dynamics
ÅSemi-classical
ÅQuantum-mechanical with 

same Hamiltonian used for 
static


