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Fission Shapes, Barriers and Isomers 



Spontaneous Fission



… penetration probability:

… the fission path L is embedded in a multi-
dimensional collective space. The actual path is
determined by minimizing the action integral.

The effective inertia and collective potential calculated in a SCMF approach based on EDFs.

ground-state energy



colective coordinates - functions of the path’s length. 

… collective inertia

Dynamical coupling between shape and pairing degrees of freedom

The effective inertia and collective 
potential depend on the strength of 
pairing correlations: 

self-consistent stationary gap

…when the gap 
parameter is treated as 
a dynamical variable, 
an enhancement of 
pairing reduces the 
effective inertia and 
thus  minimizes the 
action integral along 
the fission path.

Action integrals and SF half-lives



Induced Fission
Fragment Mass Distributions



Time-dependent density functional theory (TDDFT) for induced fission

⇒ classical evolution of independent nucleons in 
mean-field potentials, cannot be applied in 
classically forbidden regions of the collective 
space, nor does it take into account quantum 
fluctuations. 

⇒ automatically includes the one-body dissipation mechanism, but can only simulate a single fission event by 
propagating the nucleons independently. 

TDDFT fission trajectories Density profiles at scission


















TDDFT fission trajectories

Total kinetic energies (TKEs) 
of the fragments



Nucleon Transfer Reactions



Multi-nucleon transfer reactions



The total wave function ψ(r,t) is a single Slater determinant composed of single-particle wave 
functions: 

The space is divided into the region V , which contains the fragment we are interested in, and the 
complementary region. The particle number projection operator for neutrons (q = n) or protons (q = 
p) in V :

Where the particle number operator in the region V , is defined as: 

By applying the particle number projection operator to the total wave function ψ(r), the specific 
component with N neutrons and Z protons can be extracted: 

⇒ the probability of the occurrence of a reaction 
product composed of N neutrons and Z protons



Given specific values for the incident energy E and impact parameter b, the probability to observe
a reaction product with N neutrons and Z protons in V can be determined, denoted as PN,Z (E , b).
The cross section for each channel is computed by integrating over the interval of impact
parameters,



Collisions of actinide nuclei



Octupole deformation effects: central collision of 238U + 238U at energy Ec.m. = 900 MeV.

Collisions of actinide nuclei





Pairing effects: central collision of 238U + 238U at energy Ec.m. = 900 MeV.





Orientation effects: central (tail-to-tail) collision of 238U + 238U at energy Ec.m. = 1200 MeV.







Orientation effects: central (tail-to-side) collision of 238U + 238U at energy Ec.m. = 1300 MeV.

The average number of protons and neutrons in the heavy, and light fragments as functions of the 
c.m.s. energy for the central 238U + 238U collision, with tail-to-side initial orientation.
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