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MATURATION :

Algorithmes PIC sur grilles parcimonieuses 

massivement parallèles pour la simulation des 

plasmas froids hors-équilibres

ANR-22-CE46-0012

CE46 - Modèles numériques, simulation, applications

label

DUREE : 2023 – 2026 (4 ANS)

BUDGET : 1 341 072 € 

AIDE : 355 470 €



2Réunion d’avancement, IMT, Toulouse – 13/06/2025

Décomposition en grilles de composantes

Regular grid

∆𝒙 = ∆𝒚 = 𝟐−𝒏

G4,1 G1,4G3,2 G2,3

k+𝒎 = 𝒏+ 𝟏 = 𝟓 𝐚𝐧𝐝 𝒌,𝒎 ≥ 𝟏

G2,2G3,1 G1,3

k +𝒎 = 𝒏 = 𝟒 𝐚𝐧𝐝 𝒌,𝒎 ≥ 𝟏

Smolyak’s grid

𝟏𝟔 × 𝟏𝟔
𝟐𝑰 × 𝟐𝑱

𝑰 = 𝑱 = 𝒏 = 𝟒

Component grid

𝑬𝒑 ≅ 

𝒌+𝒎=𝒏+𝟏

𝑬𝒌,𝒎
𝒑

− 

𝒌+𝒎=𝒏

𝑬𝒌,𝒎
𝒑

+ + +

- - -

Combination technique

𝑬𝟒,𝟏
𝒑

𝑬𝟑,𝟐
𝒑 𝑬𝟐,𝟑

𝒑
𝑬𝟏,𝟒
𝒑

𝑬𝟑,𝟏
𝒑 𝑬𝟐,𝟐

𝒑
𝑬𝟏,𝟑
𝒑

𝑬
𝒑
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Cycle sparse-PIC

Integration of the 

equations of motion
Particle losses/injection

at boundaries/volume 

(absorption, emission)

CollisionsDt

Assignation of the 

particle sources

to the grid nodes of the

component grids

Resolution of the Poisson’s

equations on each of the

component grids

Interpolation of the E 

field to particle positions 

using the combination

technique

Calculation of the E field

on each component grids

V1

V2

E1

E2

E
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Base du code de Clément Guillet

 Gestion optimisée dépôt de charge des particules sur les sous 

grilles

 Code 3D en mémoire partagée (OpenMP)

G4,1 G3,2

Component grid

G4,1

 Recombinaison du potentiel sur la grille cartésienne 

G3,2
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Modifications apportées - mineures

 Pusher: admensionnement des équations de transport 

 Solveur Poisson (Pardiso) : solveur direct, meilleure maitrise

 Application à un cas test – Olympe – 1 proc 18 cœurs (OpenMP)

 Conditions aux limites Dirichlet

 Thermalisation des électrons

 Injection de particules

 Collisions

 Pertes aux parois (CdL non périodiques)

 Prise en compte d’un champ magnétique

 Atomic : reduction à la place (utile jusqu’à n = 9)
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Simulations 3D quasi-1D

periodic

Lx
0

x

y

z

𝑽 𝒕 =
𝑽𝑳𝑭 cos 𝟐𝝅𝒇𝑳𝑭𝒕
+𝑽𝑯𝑭 cos 𝟐𝝅𝒇𝑯𝑭𝒕

x

He
+

e

x

x

x

e

He
+

Lz

0
0

Ly

periodic

Discharge characteristics

electrons, Helium ions

Initial electron temperature (eV) 3 3

Initial ion temperature (K) 300 300

Initial neutral temperature (K) 300 300

Frequency fLF (MHz) 2 2

Frequency fHF (MHz) 20 60

Electron-neutral collisions

Ion-neutral collisions

No SEE at the walls

Initial conditions

Neutral density (1021 m-3) 1.4 0.36

Pressure (Pa) ~6 ~1.5

Initial plasma density (1014 m-3) 3.5 5.0

Voltage VLF (V) 600 400

Voltage VHF (V) 450 200

Simulation conditions

Lx, Ly, Lz (cm) 6.7 6.7

Number of grid cells (standard) 643 1283

Time step (s-1) (800f)-1(200f)-1

NPC 128 64

Ntotal standard (millions) ~ 34 ~134

Ntotal sparse (millions) ~1.2 ~1.7
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Results @ 20 MHz

Error (%)

𝑛𝑖 0.18

𝑛𝑒 0.19

𝐸𝐸𝐷𝐹 0.08

𝐼𝐸𝐷𝐹 0.26

𝜖 𝜑 =
𝜑 − 𝜑ref 𝐿2

𝜑ref 𝐿2
=

 𝜑 − 𝜑ref
2du

 𝜑ref
2du

Speed up ~ 5
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Results @ 60 MHz

Error (%)

𝑛𝑖 0.4

𝑛𝑒 0.5

𝐸𝐸𝐷𝐹 0.05

𝐼𝐸𝐷𝐹 0.23

𝜖 𝜑 =
𝜑 − 𝜑ref 𝐿2

𝜑ref 𝐿2
=

 𝜑 − 𝜑ref
2du

 𝜑ref
2du

Speed up ~ 15
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Extension MPI/OpenMP du code 3D

Component grid

G4,1 G3,2

Component grid

G4,1 G3,2

Reduction en plus - MPI
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Scaling – avec vectorisation projection, TGCC
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MPI

 PROJ-p

 CLIM-p

 DEH

 DIFF

 INTER-p

 MPI(Bcast)

 PUSH-p

 RAZ

 POISSON

n=8 (256
3
), ppc = 100, 24 OpenMP

total: 60 s

0.15 s/it


