
Fission and more with HFBFission and more with HFB--GognyGogny

Beginnings and recentBeginnings and recent



TwoTwo--centercenter bases for HFBbases for HFB

Usual HO bases very efficient for HFB with D1 interaction :
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≅ “Développement
de Gogny”

However HO bases with reasonable 

size are not adapted to two-nucleus 

configurations 



Eigenfunctions of two-center HO potential not convenient for HFB : 

they are hyper-geometric functions

“développement de Gogny” not applicable

{ } { })2()1( ϕϕ ⊕Another way : { })1(ϕ { })2(ϕ

d

Non-orthogonal (overcomplete) basis  
Orthogonalisation and elimination of

redundant vectors from diagonalisation

of T+T and TT+ with ),( )2()1(
jiijT ϕϕ=

Much more accurate and fast than Schmidt orthogonalisation !

More important:  “le développement de Gogny” can be employed



d

Axial symmetry

Single part. energies 

in two-center HO pot

Twice 10 HO shells 

~ 1900 nucleon states





With this method, two-center bases are competitive 

not only  for two-nucleus configurations 

but also for  one-nucleus very deformed states

despite one additional parameter to be optimised : d



1212C + C + 1212C and molecular statesC and molecular states

Sharp closeSharp close resonancesresonances in in 1212C + C + 1212C excitation functionsC excitation functions
near Coulomb barriernear Coulomb barrier
LongLong--lived “molecule” ?lived “molecule” ?

Also in a couple of other systems (Also in a couple of other systems (1212C + C + 1616O, O, 1414N+ N+ 1414N)N)
Various interpretations not successfulVarious interpretations not successful

Description with HFB Description with HFB 
One problemOne problem: spurious center of mass energy and : spurious center of mass energy and 
potential energy of asymptotic statespotential energy of asymptotic states



Removal of spurious center of mass (CM) energy in HFB:Removal of spurious center of mass (CM) energy in HFB:
minimisationminimisation of of 
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Energy difference:Energy difference:

~11 ~11 MeVMeV in in 1212C + C + 1212C C 



Q =<QQ =<Q2020> mass > mass quadrupolequadrupole deformationdeformation



)()()( 0 QQEQV ε−=Potential for dynamics  Potential for dynamics  

=)(0 Qε “zero“zero--point energy correction” point energy correction” 
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So removing everywhere the “zeroSo removing everywhere the “zero--point energy correction” point energy correction” 
should correct for the spurious CM energy should correct for the spurious CM energy 

Actually, this does not work very well Actually, this does not work very well 
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InglisInglis--BelyaevBelyaev formulaformula





FissionFission
Jülich 1979



Jülich 1979



Fission barrier of Fission barrier of 240240Pu and D1SPu and D1S



ScissionScission





Scission dynamicsScission dynamics



Cold fissionCold fission



SHESHE



Fission 21st centuryFission 21st century



H.H.GoutteGoutte, JFB, P., JFB, P.CasoliCasoli and D. and D. GognyGogny, Phys. Rev. C71 (2005) 024316, Phys. Rev. C71 (2005) 024316
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Outlook  (Daniel Outlook  (Daniel Gogny’sGogny’s expertise needed)expertise needed)

Theory and Evaluation  : how Theory and Evaluation  : how 
to relate multito relate multi--dimensional PES dimensional PES 
with the onewith the one--D barriers which D barriers which 
are so successful in data are so successful in data 
evaluation ?evaluation ?

PhotofissionPhotofission

NucleusNucleus--nucleus reactions at nucleus reactions at 
low energy : SHE production / low energy : SHE production / 
structurestructure
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