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Activités HPC du SPhN

Structure du nucléon

� Lattice QCD

� Présentation T. Metivet à la journée HPC DSM 2015

� P.A.M. Guichon (permanent)

Structure nucléaire

� Problème quantique à N fermions fortement corrélés

� V. Somà (permanent)
B. Bally & M. Martini (postdocs ESNT)
M. Drissi & P. Arthuis (thésards)
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Mini-rappels de physique nucléaire
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Méthodes versus nombre de nucléons et noyaux
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Méthodes versus nombre de nucléons et noyaux

Ab initio

� Résolution équation de Schrödinger (potentiellement) exacte

� Interaction entre nucléons ← approx. QCD

� Prédictivité et contrôle de l’erreur

� Importants développements formels et numériques
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Méthodes versus nombre de nucléons et noyaux

Energy density functional (EDF)

� Méthode microscopique mais effective

� Ajustement de paramètres (∼ 10) aux données exp.

� Intégralité de la carte des noyaux

� Importants développements numériques
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Méthodes Ab initio au SPhN

Self-consistent Gorkov Green’s functions (SCGGF)

� V. Somà + arrivée M. Drissi en thèse

� SPhN (avec collab. étrangers) en leader !

Aspects numériques

� Codes Fortran et C++

� Parallélisation avec MPI

� 1.5 Mh sur Curie cette année
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Méthodes Ab initio au SPhN

The top panel in Fig. 5 shows the experimental and
computed HFB S2n values for the potassium and calcium
isotopic chains. The theoretical S2n are computed for nuclei
of even neutron number. Self-consistent quasiparticle
blocking of the odd protons is performed for the potassium
isotopes, by using the procedure described in Ref. [27].
A strength of the pairing interaction of −200 MeV fm3

reproduces the very smooth S2n trend observed in Ref. [11].
It describes correctly the experimental values on average
but underestimates the drop at the crossing of the magic
neutron numbers. A reduction of the strength of the pairing
interaction (solid lines) leads to a significant improvement
of the description of the experimental S2n trend. The
addition of the tensor term with the SLy5 interaction leads
to a change in the wrong direction. However, a recent
work [28] has shown that the effect of the tensor term in
mean-field calculations strongly depends on the way it is
constrained to experimental data.
In addition to the empirical HFB approach, it is now

possible to perform calculations up to the medium mass
region using ab initio methods (see, e.g., Refs. [29–36]).

Thus, new mass calculations have been performed in the
ab initio GGF framework [31,37,38] that allow for the
study of open-shell nuclei. This method is particularly
suited for the present purpose due to the ease of calculating
odd-even systems, which also makes it a unique tool to
investigate neighboring isotopic chains.
In our calculations, the only input are two- and three-

body interactions fitted to properties of systems with
A ¼ 2, 3, and 4, without any further adjustments of the
parameters. GGF calculations have recently addressed
the region around Z ¼ 20 [31] and are extended here for
the first time beyond N ¼ 32 for potassium.
The present calculations made use of two- and three-

nucleon forces derived within chiral effective field theory at
next-to-next-to- and next-to-next-to-next-to-leading order
(N2LO and N3LO), respectively [39,40], extended to the
low-momentum scale λ ¼ 2.0 fm−1 by means of free-space
similarity renormalization-group techniques. The many-
body treatment is set by a second-order truncation in the
GGF self-energy expansion [37]. Model spaces up to 14
harmonic oscillator shells were employed, and three-body
interactions were restricted to basis states with E3max ≤ 16.
Infrared extrapolations of the calculated ground state
energies were subsequently performed following
Ref. [41]. We note that, in the present case, this procedure
is formally defective due to the different truncations of one-
and three-body model spaces. Nevertheless, we find that
the trend expected from Ref. [41] is qualitatively repro-
duced, although with larger extrapolation uncertainties.
This is in agreement with other calculations [35]. As an
example, we obtain binding energies of 439.52(0.71) MeV
for 51K and 443.31(0.85) MeV for 53K. This overbinding of
about 0.7 MeV=A is a general feature of currently available
chiral interactions, and it is a constant effect through-
out the whole isotopic chain that cancels in separation
energies [31,35,36].
GGF results for S2n of 47;49;51;53K and 48;50;52;54Ca are

shown in the bottom panel in Fig. 5 and are all resulting
from the infrared extrapolation. Different sources of
uncertainty affect the present theoretical results (see
Refs. [31,38] for a detailed discussion). In particular, this
method breaks particle-number symmetry (like HFB
theory) and generates the correct expectation values for
the proton and neutron numbers only on average, with a
finite variance. However, the associated errors are expected
to cancel with good accuracy for energy differences (such
as S2n). The uncertainties indicated in Fig. 5 are uniquely
those originating from the extrapolation fit and range
between 0.4 and 1.5 MeV with increasing mass number.
In general, GGF calculations are in fair agreement with
measured S2n, with the mismatch at 53K being on the order
of the truncation error. The significant drop from 51K to 53K
is qualitatively reproduced but overestimated by theory,
which also leads to an overestimation of the empirical shell
gap for potassium. In contrast to the N ¼ 28 gap, which is
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FIG. 5 (color online). Two-neutron separation energies for the
isotopic chains of potassium (left axes) and calcium (right axes);
note the shifted scales. Open symbols, data from Ref. [21]; filled
symbols, calcium data from Ref. [11] and new mass data from
this work. Top: With S2n values from HFB calculations using the
SLy4 (green lines) and the SLy5 (red lines) interaction, with
volume-type delta pairing of strength V0 ¼ −150 MeV fm3

(solid lines) or V0 ¼ −200 MeV fm3 (dashed lines). Bottom:
With S2n values obtained from ab initio Gorkov-Green function
theory (see the text for details).

PRL 114, 202501 (2015) P HY S I CA L R EV I EW LE T T ER S
week ending
22 MAY 2015

202501-4

Phys. Rev. Lett. 114, 202501 (2015)

� Énergie de séparation de deux neutrons

S2n(Z ,N) = B(Z ,N) −B(Z ,N − 2)

� Estimation de l’erreur → nécessite plusieurs calculs

� Accès à des régions de masses plus importantes
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Méthodes EDF au SPhN

Les Hommes

� B. Bally & M. Martini (postdocs ESNT)

Les Principes

� Modèle microscopique mais effectif

� Plus avantageux numériquement

� Large rayon d’action :
� Intégralité de la carte des noyaux
� Observables : masse, spectroscopie, fission,

désintégration β, interaction neutrino-noyau . . .
� Versions dépendantes du temps → réactions nucléaires

� Historiquement, un point fort du CEA !
(ex-DSM et DAM)
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Méthodes EDF au SPhN

Problématique HPC

� Problème aux valeurs propres généralisés (hermitien)

Hx = eNx

� Hij et Nij indépendants pour i , j ∈ J1,nK2

⇒ parallélisation triviale des tâches

� Élements de matrice de la forme

Hij ∼ ∫
2π

0
dα ∫

π

0
dβ sin(β) ∫

4π

0
dγ ⟨i ∣ĤR̂(α,β, γ)∣j⟩

(α,β, γ) indépendants ⇒ ≪ embarassingly parallel ≫ MPI

� Temps de calcul

Ttotal =
n(n + 1)

2
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
∼ 100− 5000

×Nα ×Nβ ×Nγ

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
∼ 4000

×T (⟨i ∣ĤR̂(α,β, γ)∣j⟩)
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

∼ 10 sec− 10 heures
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Méthodes EDF au SPhN

Phys. Rev. Lett. 113, 162501 (2014)
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Conclusion

� Physique nucléaire théorique → domaine de recherche
très actif

� Différentes méthodes pour différents objectifs :
précision, prédictibilité, masse, observables . . .

� Forts besoins en HPC . . .

� . . . et surtout en physiciens !

� Collaboration avec la DAM (surtout méthodes EDF)

Benjamin Bally Journée HPC - DRF - 25 Mai 2016 12/12


	Introduction

