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Gogny ou …

la Force vive

Par Michel Girod
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Being the oldest in the group of theoretical physics today, I suggest 
presenting you a brief history of the years during which I had the 
chance and the pleasure to collaborate with Daniel Gogny.
It began in 1973.
At that time, I was a young physicist at CEA Limeil Center  with 
my old friend, Jacques Dechargé. 
One day, arrived a researcher . He seemed full of life, having with 
difficulty contained passion and what he tried to communicate with 
us. 
He came from the IPN of Orsay , the laboratory of  Professor Jean, 
Marcel Vénéroni, Dominique Vautherin, and he had made a new 
force.
This fellow was Gogny.
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This force was his child.
After the realistic «soft core” force which he had elaborated with 
P.Pyres and R.de Tourreil (1970),
And laborious and rather disappointing second order calculations
of G Matrix performed with Michel Maire, 
Daniel Gogny convinced himself that the only possible “exit” was 
the “effective force” allowing mean field calculations of Hartree-
Fock type. Such calculations were becoming accessible to the new 
generations of computers.
The Skyrme forces already existed but they were of zero range.
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Gogny wants that his force can treat on the same footing the mean 
field and the pairing correlations in the framework of  the Hartree-
Fock-Bogoliubov (HFB) theory .

He also wants to be able to go beyond the mean field.

For that purpose, a finite range is necessary.

In that case however, the calculations are considerably time 
consuming and considering the still very modest power of 
computers, some people say to him that it is not “reasonable”.

It is probably one of the reasons for his decision to create the D1 
force …
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For that purpose,
1. He writes a HFB code in a spherical symmetry, the wave 

functions are developed on a harmonic oscillator’s basis,
2. He conceives a cleaver program to fit the parameters which 

allows to generate forces having a priori good properties at 
the same time in infinite nuclear matter and  nuclei.

This force, here it is: 
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The force
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jThe main characteristic of this 
force is to be of finite range, 
•a short range of 0.7fm 
•a medium range of 1.2fm.
It also has a term dependent 
on the density to the power 1/3 
and of zero range.

With x0=1, this term is useless 
in the pairing channel.
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This famous paper of Trieste 1975 explains the philosophy 
which inspired Daniel Gogny.
He describes the HFB method and the writing of a code in a 
spherical symmetry …
And also the method used to determine the parameters of the 
new force.
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Philosophy (1)
J.W.Negele
(1970)

P.K.Banerjee, 
D.W.L.Sprung
(1970)

X.Campi, 
D.W.L.Sprung
(1972) 

J.Zofka, G.Ripka
(1971)
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Philosophy (2) D.M.Brink, E.Boeker (1967)

A.B.Volkov (1965)

S.A.Moszkowski (1970)

A.Faessler (1974)

D.Vautherin, 
D.M.Brink 
(1972)
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Ambition
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The parameters
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The reference paper
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Why the finite range?

A very long 
paragraph gives 
the justifications 
of his research 
which could  
have seemed too 
ambitious at 
that time.
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With this new D1 force,
the “Hartree-Fock

machine”
imagined by Jacques 
Dechargé
can start  working. 

Both persons 
can perfectly  
be identified 
…
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Axial code
Long months were necessary to correct 36582 programming errors  …
•phase errors ,
•errors of factor π or 2 π or π/2 or √π …
•array overflows, etc , etc, etc…

You should not exceed 
512K of memory to have a result during the day
800K for night runs,
1000K for the weekend.

… And especially to save computing time!
The method of separation of variables made miracles,
The genius of the programmers too …
We eventually reached 10s / iteration in basis 10 on the IBM 360-91 of 
Saclay, one of the fastest computers of the world (in 1975). 
We had reached our objective.
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The first paper

The first article 
published with the 
D1 force :
HFB calculations in 
axial symmetry of 
the potential energy 
surfaces of 148, 
150, 152 and 154 
Samarium isotopes 
with respect of 
quadrupole moment.
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These curves illustrate the 
effect of pairing 
correlations on the 
potential energy surfaces 
according to methods :

1 - «constant gap»       
approximation

2 - full HFB
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Collective modes - GCM

From 1976, 
we go beyond the mean field 
by calculating the charge 
density convoluted by a 
collective wave function of 
generator coordinate type in 
axial symmetry.
The experimental charge 
density is from ALS 
(Saclay). 

It is the beginning of a 
fruitful collaboration with 
Bernard Frois and his group 
at Saclay.
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Collective modes - RPA

From 1976 also, RPA 
calculations give a harvest of 
good results.
In association with J.P.Blaizot
and B.Grammaticos, the 
calculation of the monopole
resonances in RPA with 
various forces allows for the 
first time to give a value of the 
nuclear compressibility:

K∞=210±30 MeV
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Collective modes - RPA
Here in 1977, a 
collaboration with 
Radovan Padjen on the 
study of the collective 
modes in nuclear matter, 
the calculation of the 
Landau parameters and 
the forward scattering 
amplitude sum rule.
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Collective modes - RPA

In 1981-1982, with 
J.Dechargé, 
collaboration with 
B.Grammaticos and 
Léo Sips on the RPA 
response function to 
the operator   jJ(qr)
as a function of the 
momentum transfer q.
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Collective modes - RPA
(Los Alamos 1980)Continuation of the 

collaboration with 
B.Frois et al. :
Study of the charge 
density and the 
transition densities 
of various 
collective states of 
208Pb compared 
with the recent 
experimental 
results of the ALS.
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Collective modes - GCM
Highlight of the 
collaboration with 
the experimentalists 
of ALS:
Study of the charge 
and transition 
densities of a 
deformed nucleus 
152Sm using a 5D 
Bohr Hamiltonian.

What is the 
D1SA force …?
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Pairing adjustment

It seems that the pairing 
correlations are too strong 
with the D1 force.
The D1SA (or D1A) force fits 
the odd-even mass differences 
in tin isotopes.
As a consequence, the 
collective masses and moments 
of inertia are getting much  
stronger , which contributes to 
compress the rotational and 
vibrational spectra.

5D Bohr Hamiltonian
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Nuclear fission

In 1981, le « compte-
rendu à l’Académie des 
Sciences de Paris » 
with J.F.Berger.
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Nuclear fission
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D1S

An improvement of the 
D1 force, the D1S force, 
with “S" as surface:
The coefficient of surface 
of D1 was too strong, 
20.2 MeV.
With D1S, as=19 MeV.

The effect on the heights 
of  fission barriers is 
spectacular.
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Shape Isomerism
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Shape isomer - GCM

In 1991, with J.F. Berger, 
collaboration with M.Weiss 
and C.Chinn on the lifetime 
of the shape isomer of 238U.

And in 1992 with Q.Haider.
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So ends the history of the «rich hours” which we shared with 
Daniel Gogny within the group of theoretical nuclear physics of 
Bruyères-le-Châtel.

The homesickness is not absent in this statement. We were 30 years 
younger …

But it is especially the enjoyment and the pride to have lived this 
beautiful adventure that has to stay in your memories.

However, this adventure is still alive.

To conclude, I would like to show you some outstanding results 
illustrating the predictive character of the mean field approach
with Gogny force.
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First 0+ SD energies 
compared to the 
experimental ones

Shape isomer - GCM
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Shape isomer - Cranking HFB
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Extensive HFB +GCM-GOA calculations
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Extensive HFB +GCM-GOA calculations
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