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E(def?)? E(def?)?

In fission, what are the shapes  and related energies
involved in the transition from a single ground-state
shape to two separated fission fragments?

234U 

234U : Asymmetric valley at Q2 = 76 

εf1 = − 0.1000   εf2 = 0.2500   MH/ML = 135.7/98.3

234U : Symmetric  valley at Q2 = 76 

εf1 = 0.1500   εf2 = 0.1000   MH/ML = 119.3/114.7
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Family of shapes considered 
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Q2

45 Q2 ~  Elongation (fission direction) 

35 αg ~  (M1-M2)/(M1+M2) Mass asymmetry

15 ε
f1

~  Left fragment deformation
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Five Essential Fission Shape Coordinates

M1 M2

⇒  5 315 625 grid points − 306 300 unphysical points

⇒  5 009 325 physical grid points
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Saddle Search Strategies Illustrated 
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Potential Energy of Deformation

We use the macroscopic-microscopic method introduced by

Swiatecki and Strutinsy:

� � � � � � � � � 	 
 � � � 
 � � � � � � � 	 
 � � � � � � � � � � � 	 
 (1)

The macroscopic term is calculated in a liquid-drop type

model (for a specific deformed shape).

The microscopic correction is determined in the following

steps

1. A shape is prescribed

2. A single-particle potential with this shape is generated.

A spin-orbit term is included.

3. The Schrödinger equation is solved for this deformed

potential and single-particle levels and wave-functions

are obtained

4. The shell correction is calculated by use of Strutinsky’s

method.

5. The pairing correction is calculated in the BCS or

Lipkin-Nogami method.
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Spheroidal Deformation ε2

Spheroidal Deformation ε2 
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Fission Calculation Details

1. Fission Barriers of 5254 nuclei calculated for

� � � � � � � � �

Several different parameterizations are used

2. 5D parameterization, energy for 5 000 000 different

shapes are calculated for each nucleus

3. For small deformations a 3D parameterization is used

Elongation, neck and axial-asymmetry shape degrees of

freedom.

4. An improved determination of the ground-state energy

and shape is done in a 4D space

5. When multiple minima are present a special strategy is

used to establish which minimum and saddle define the

“barrier”.

(In practice this technique cannot be implemented in

HFB)



6. Just the potential energies correspond to more than 250

Gb of information.

7. Saddles, minima, valleys are determined in a completely

automated fashion. Compact result files are generated

for each nucleus

8. Data sets, such as tables of barrier heights

( � � � � � � � � ) are generated, also by automated scripts.

Results will be made available at URL

http://t16web.lanl.gov/Moller/abstracts.html

(Capital M is essential)

Results more complete than can be published will be

available here in due course.
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Fission-Barrier and Associated Shapes for 242Am 
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Outer Calculated heights 
Evaluated heights (Madland) 
Evaluated heights (RIPL, IAEA) 
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Fission Barrier and Associated Shapes for 232Th 
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Sym. Saddle 
Asym. Saddle 

Relative to 
saddles gs. 

Outer Saddle 
Level Densities 

for 232Th 
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Calculated Energy Window for EC-Delayed Fission 
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Calculated Fission-Barrier Heights 
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