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Fission dynamics with energy density functionals

Core concepts Interpretation / Vizualisation
« Nucleons degrees of freedom r = (r, 0) « Local one-body density
« Nucleus described by ©(71, -+ ,74) p(r) o probability to measure one nucleon at

» Hartree-Fock-Bogoliubov approximation (HFB)

Energy [MeV]

100 « Deformations determined from multipole moments

Q20 = (¥|Q20|?)
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Fission from energy density functional

Core concepts Interpretation / Vizualisation
« Nucleons degrees of freedom r = (r, 0) « Local one-body density
« Nucleus described by ©(71, -+ ,74) p(r) o probability to measure one nucleon at

» Hartree-Fock-Bogoliubov approximation (HFB)

Energy [MeV]

100 « Deformations determined from multipole moments
0 Qa0 = (4]Quo)
5
The nucleons are randomly distributed with
il p(rlv”'7TA)O<|¢(r17°"7TN)
Q30 [b3/?]

How to picture this probability distribution ?
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Markov chains to sample from p(’r’l, JOII & A)

Principle of the Metropolis algorithm, an iterative algorithm
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Evaluating probablities p(”rl, .o

We stick to wavefunctions that are

« Bogoliubov vacua,

« projected on the good number of protons and neutrons.
N/2

[$n) = PnPy | [ (e + vialal)|0).
k=1

In this case:
p(ry---ra) o |det(Z — Z7)],

with
N/2

Vg
Zij = Z u—k<Pk(7°i)90E("°j)a

er(r) = (r|af|0).
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7TA)

(a) HF, Density (b) HF, Localization

(c) HF+BCS, Density

f neutron spin up

neutron spin down

Most probable configuration of 20Ne
M. Matsumoto, Y. Tanimura, Phys. Rev. C 106 (2022)
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Sampling the nucleons positions in a 2ONe

Wavefunction
. 20Ne ground state
 projected Hartree-Fock-Bogoliubov solution
« Gogny D1S effective interaction

Color code

« Grey: local one-body density
« Red: protons
« Blue: neutrons

g D. Regnier, European Nuclear Physics Conference, September 21-26 2025 6/16



Sampling the nucleons positions in a 2ONe

Wavefunction
. 20Ne ground state
 projected Hartree-Fock-Bogoliubov solution
« Gogny D1S effective interaction

Color code

« Grey: local one-body density
« Red: protons
« Blue: neutrons

g D. Regnier, European Nuclear Physics Conference, September 21-26 2025 6/16



Sampling the nucleons positions in a 2ONe

Wavefunction
. 20Ne ground state
 projected Hartree-Fock-Bogoliubov solution
« Gogny D1S effective interaction

Color code

« Grey: local one-body density
« Red: protons
« Blue: neutrons

g D. Regnier, European Nuclear Physics Conference, September 21-26 2025 6/16



Sampling the nucleons positions in a 2ONe

Wavefunction
. 20Ne ground state
 projected Hartree-Fock-Bogoliubov solution
« Gogny D1S effective interaction

Color code

« Grey: local one-body density
« Red: protons
« Blue: neutrons

g D. Regnier, European Nuclear Physics Conference, September 21-26 2025 6/16



Sampling the nucleons positions in a 2ONe

Wavefunction
. 20Ne ground state
 projected Hartree-Fock-Bogoliubov solution
« Gogny D1S effective interaction

Color code

« Grey: local one-body density
« Red: protons
« Blue: neutrons

g D. Regnier, European Nuclear Physics Conference, September 21-26 2025 6/16



Sampling the nucleons positions in a 2ONe

Wavefunction
. 20Ne ground state
 projected Hartree-Fock-Bogoliubov solution
« Gogny D1S effective interaction

Color code

« Grey: local one-body density
« Red: protons
« Blue: neutrons

g D. Regnier, European Nuclear Physics Conference, September 21-26 2025 6/16



Sampling the nucleons positions in a 2ONe

Wavefunction
. 20Ne ground state
 projected Hartree-Fock-Bogoliubov solution
« Gogny D1S effective interaction

Color code

« Grey: local one-body density
« Red: protons
« Blue: neutrons

g D. Regnier, European Nuclear Physics Conference, September 21-26 2025 6/16



Distribution of some observables

Spatial observables

Observables that 'depend only' on the spatial and spin
coordinates of the nucleons

o Center of mass
« Multipole moments

Sampling spatial observables

We build a representative sample with

O = O(ﬁ?' " 7rf4)
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B Sample
= Normal fit

205 0.0 0.5 1.0 15 20
B20

Distribution of the quadrupole moment 82 (elongation)
for the 2°Ne ground state

(B20) = 0.56
o(B20) = 0.26
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Asymmetric fission of 252 f

Potential energy surface
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Q20 [b]

One point = one constrained HFB solution.
(Only points with (Qpeck) > 5 are plotted)

Selected point
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Numerics and validation

Discretization of the wavefunction Metropolis algorithm
« Box: L, x L, x 2L, fm3 « Independent chains: 256
« Cells: dz® fm3 « Jump: 3000 iterations

« Burn-in: 2 - 109 iterations

% dx=1.0 [fm]

& dx=0.5 [fm] o L0677 I
. © 1.054 | —~= Q2 |
1
- c _ i
S 1.04 t‘
i g 1037 & -
T T : : % 1.02 4 ‘\ I
-1 i E .-‘
10 (d) 252¢f & dx=1.0 [fm] — 1.01+ LI i
o Q e T T
c'; 1072+ = dx=0.5 [fm] - 0 1.00 Bl L P,
= 1073 0 5 10 15 20 25 30 35 40
§ 10-4 L 1073 iterations
C 1073k
. . » Acceptance rate ~ 0.5
16 20 24 28 32 « In-chain autocorrelation << 0.2

L, [fm]
« Numerical cost >~ 6400 h.cpu

Monte Carlo estimation versus
deterministic values computed in an harmonic oscillator basis
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Multipole moments distribution

Expression from the positions only

A

Bao(ru,- -+ ,7a) 0 > (227 — 7} — u7)
K

Expectation values from the sample

(B20) = 4.10, (B30) = 1.98
Standard deviations from the sample

« Standard deviation of 2.3% for B2
« Standard deviation of 12.5% for (33
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Probability distribution of the quadrupole (top)
and octupole (bottom) moments

~ Normal distributions
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Particles in the pre-fragments

| i L i L i L i L
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G. Scamps et al., Phys. Rev. C 92 (2015) Mass and charge distribution in the light fragment
M. Verriere et al., Phys. Rev. C 103 (2021) O'(AL) =1.7
O'(ZL) =1.2

g D. Regnier, European Nuclear Physics Conference, September 21-26 2025 12 /16



Elongation of the pre-fragments
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Coulomb repulsion between pre-fragments
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Final thoughts

Main conclusions

« Sampling positions for heavy nuclei is doable
« |t gives access to the distribution of some observables
o Currently, it is costly (=~ 6000 h.cpu)

Perspectives

« Look at other observables
« Deal with non-diagonal observables
» Deal with more complex wavefunctions

Open questions
« Would you like the code to be published ?

Thank you for your attention !
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Center of mass distribution

B Sample
= Normal fit |

pxau) [fm~]
o H N W b

From the generated sample: . . Xew [fm] .
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Probability distribution for the position of the center of mass
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Projecting the center of mass position
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