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Ordre du jour

= 10h-10h15 : point administratif (L. Garrigues)
= 10h15-11h : derniers résultats 2D (L. Garrigues)

= 11h-11h45 : mise en place d'un schéma d'ordre 4
(P. Pace)

= 12h-13h15 : repas — L’Esplanade

= 13h30-16h30 : discussion génerale

* Recrutement

« Taches a venir et liens entre equipes
« GitLab

* eftc.
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Plan de gestion des données

| Calenarier du projet (=)

TO scientifique Thnal scientifique TO administratif Durée administrative initiale Durée administrative avec prolongations Thnal administratif

01/01/2023 48 mois 31/12/2026 01/10/2022 51 mois 1 jour 51 mois 31/12/2026

Historigue des modifications sur le calendrier du projet

i Documents de suivi ﬁ
Nom personnalisé Date attendue Date de depdt Bloguante Abrogation
v v v v -

Plan de gestion des données & 6 mois Plan de gestion des données & 6 mois 01/07/2023 24/05/2023 Validé par I'ANR
Plan de gestion des données 3 24 mois Plan de gestion des données & 24 mois 01/01/2025 Attendu
Plan de gestion des données final Plan de gestion des données final 31/12/2026 Attendu
Rapport final Rapport final 31/12/2026 Attendu

Taille Maximum : Mo.

Choisir un fichier |
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https://aap.agencerecherche.fr/

Site web a diffusion interne

& c (ﬂ https:

G Gmail @B YouTube B Maps )b HiCube

|

/maturation.laplace.univ-tise.fr:5001 =4 ﬁ)

feiffe.. W List of wargame pu..

File Station

l ~ MATURATION C  Depot_projet

» Depot_projet
Panneau de AL

Créer ~ Charger ~ Action ~ Qutils ~ Parameétres
configuration » Kick_off_meeting_16022¢

» LOGICIELS i

ﬁ & #recycle Dossier 20/02/2023 16:01:31
aapg-2022_MATURATION.docx  971.4 Ko DOCX Fichier 24/03/2022 11:39:23
File Station

-

Aide DSM

aapg-2022_MATURATION.pdf 1.5 Mo PDF Fichier 24/03/2022 11:39:42

3 éléments C

Réunion d’avancement, IMT, Toulouse — 03/10/2023 3K Laplace 4




Site web a diffusion externe

Q@ = MATURATION X = MATURATION X -+

O 5 https://www.math.univ-toulouse.fr/~narski/MATUR

C @

MATURATION

ANR Project

MAssively parallel sparse grid PIC algorithms for low TemperatURe plAsmas simulaTIONs
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PARTICIPANTS
PARTICIPANTS

LAPLACE - Laboratoire Plasma et Conversion d’Energie, University of Toulosue

« Laurent Garrigues
» Gwénaél Fubiani
« Marc Chung-To-Sang OBJECTIVES

CONCACE - COmposabilité Numérique et parallele pour le CAlcul haute performanCE, Inria, Talence
MEETING REPORTS

* Luc Giraud

« Emmanuel Agullo

« Olivier Coulaud

PUBLICATIONS

IMT - Institut de Mathématiques de Toulouse, University of Toulosue

« Fabrice Deluzet

» Jacek Narski

« Clément Guillet

MDS - Maison de la Simulation, CNRS, CEA, Saclay

« Mathieu Lobet

3K Laplace 5

Réunion d’avancement, IMT, Toulouse — 03/10/2023




Résultats 2D plasma froids basse pression

Présentation ICPIG — juillet 2023
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Kinetic vs fluid approaches

AL>1 | kinetic
model

hybrid
model

pressure

»

"

Poisson

Boltzmann equation equation

3 L0, 20 . (D e . Bz Al — (3
st Vfas o= {0 V- [e-EG D] =p@ 1)

fs = fs@V,0)
a = qs(E +V X Bgy)/mg

p(T 1)

\ Y ANXAZBDL
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PIC cycle with standard approach

® o

|_ Particle losses/injection

Integration of the
equations of motion

Interpolation of the E
field to particle positions

Calculation of the E field
on the nodes of the
regular grid

at boundaries/volume
(absorption, emission)

| Collisio

Resolution of the Poisson’s
equations on the regular

rid

Assignation of the
particle sources

to the grid nodes of the

regular grid

=

o>
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Construction of sparse grid domains

EL, |- E}, | EY 5.

16 X 16 O) @
21 x 2/

I=]=n=4

p

E. G4,1 G3,2
Eg,l EIZJ,Z
Ax =Ay=27"
Regular grid

Component grid

ktm=n+1=5andkm=>1

GS,l

®

GZ,S

k+m=n=4andkm=>1

GZ,Z

P
E1,3 e

O

p
E1’4 [

Gl,3

Smolyak’s grid

; : - P _ p
Combination technique  £°= ). Eim— ). Ein
k+m=n+1 k+m=n
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PIC cycle with revisited with sparse approach

{

E

7

® 9

=

Integration of the
equations of motion

-

Interpolation of the E
field to particle positions
using the combination

technique

Calculation of the E field
on each component grids

Resolution of the Poisson’s
equations on each of the
component grids

Vo

)
Particle losses/injection ——‘

at boundaries/volume
(absorption, emission)

o>

| Collisions |

Assignation of the
particle sources

to the grid nodes of the

component grids

v
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First plasma simulations [«

§ App”cabi”ty to PIC techniques L. F. Ricketson and A. J. Cerfon, PPCF 59, 024002 (2017)
o lons at rest
o Periodic boundary conditions
o No collisions

Reference Solution Sparse Solution Regular Solution
Time = 500.5 hours Time = 22.4 minutes Time = 17.5 hours

= Numerical tests

o Linear/non linear i
Landau damping e .
o Diocotron instability loﬁm I

3D non linear Landau damping

u EXten S | on to I ow Comparison of density reference solution computed (128 x 128 x 128)

using regular PIC (left), ~ 30 simulations,

tem per ature sparse solution on grid with Ny = 800 (center),
and regular-PIC solution on grid with N,,. = 800 (right)
plasmas?
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RF capacitive discharges

= Self-consistent description of the discharge

= Motion of ions

= Time and space evolution of sheaths

= Collisions between electrons/ions and neutrals

= Dual-frequency RF capacitive discharges
« HF: control of the plasma discharge

* LF: control of the ion propertles P. C. Boyle et al., Plasma Sources Sci. Technol. 13, 493 (2004)

J. K. Lee et al., Plasma Sources Sci. Technol. 14, 89 (2005)
CCP discharges J. Schulze et al., Plasma Sources Sci. Technol. 20, 045007(2011)
P1.6, P1.41, P2.49, P3.11, P3.37, P4.21 Z. Donko, Plasma Sources Sci. Technol. 30, 095017 (2021)
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Quasi 1D benchmark conditions

periodic ‘ = all the particles
T &
Discharge characteristics
@ @1
electrons, Helium ions
< @ Initial electron temperature (eV) 3 3
Initial ion temperature (K) 300 300
Initial neutral temperature (K) 300 300
Frequency f r (MHz) 2 2
Frequency f,r (MHz) 20 60
Electron-neutral collisions V(t) = Vipcosnfpt) + Vyp cos(2uf yrt)
lon-neutral collisions
No SEE
ov ——
Initial conditions
Neutral density (102! m3) 1.9 0.7
Pressure (Pa) ~8 ~3
Initial plasma density (101°m=3) 0.64  1.05
Voltage V, ¢ (V) 600 400
Voltage Ve (V) 450 200

Simulation conditions

y L, L, (cm) 6.7 6.7
; > Number of grid cells (standard) 2562 2562
Time step (s1) (800f)-1(800f)1
0 3 Npc 130 130

| o
0 periodic L,
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Results @ 20 MHz

1-0 T T T T T T T T T T T T T T 0.04 T T T
[ PIC _
o > — 6]
e os| N, = 8.5 x 10"}
" PIC-Sg ] 0.03 _
© / .\ N =85x10°
Z 0.6 - £ ion density 1 ke
a : ——PIC 2 0.02 :
< 04 ——PIC-Sg |\ ) —
> | electron density || =
2 02l —>—PIC ] 0.01 l
[ i — PIC-Sg 1
a —
1.0 0 100 200 300 400 500
Energy (eV)
Error (%)
Lo ] n; 0.5
L >
= 10°] ey o= onallz _ [flo—oreiltdu | 0.45
0 3 ”QDref”L2 ﬂ(preflzdu
EEDF 0.02
N IEDF 0.14
0 50 100 150 200
Energy (eV)
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Results @ 60 MHz

Density (2 x 10™° m™)

o
N

1.0

o
o

o
o))

o
~

L PIC

ion density
——PIC
— PIC-Sg
electron density
—<—PIC
PIC-Sg

IC
— PIC-Sg

0.0 0.000 bt '
0.0 . 0 100 200 300 400 500 600
. /L, Energy (eV)
10 E T LI — 1 1
10'2 : — PIC .
10°E — PIC-Sg Error (%)
% 104 3 3 n; 1
> st ]
L 107 e(p) = lo — @reell,2 J19 = pregl?du Ne 1
~—~~ 6 =
E10°F lreellL2 J1@resl*du
10”7 s ] EEDF 0.08
-8
107¢ E IEDF 0.15
10'9 [ " " " " 1 " " " " 1 " " " " 1 " " " " 1 " " " N ]
0 50 100 150 200 250 L. Garrigues et al., in preparation
Energy (eV)
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Multipolar cusp confinement

= Multipolar cusp confinement ,,_._-
d
o Reduce electron losses on chamber walls - Il' "
o Larger plasma densities g '\\ '\ E
o Permanent magnets placed behind the electrode/dielectric wall C'E’ :,;:. 1<%
© Ft -
= ! :'
. . \
= Partially magnetized low temperature plasmas \:\_\.
lon sources JB
DC magnetron for sputtering Kaufman ion source
- s DECR source
N Substrate [ AnooE o 4 §
Anode
Grounded
Cathode .
Magnets
D. Lunedin et al., D. M. Goebel and I. Katz, S. Bechu et al, Surf. Coat. Technol. 186,
“High Power Impulse Magnetron Sputtering” “Fundamentals of Electric Propulsion” 170 (2004)
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More about the grid-based error

= Grid-based error in 2D component grid

o Terms along x and y directions cancel out with
combination technique ... but not along mixed directions
o Error associated with p

d%p d%p d*p h
_bl axz h2+b26_yzh2 +b120x20y2 h2h2 +0(h ;1-/) Y
L X ) X ) X ] hx

error along x error along y error along mixed directions
10

n, (10" m®)

— 15 Contents lists available at ScienceDirect

£ m. , ,
£ Journal of Computational Physics
— 2.3

z\ S . 15 journal homepage: www.elsevier.com/locate/jcp
o]
= 0.75

w0

o Io.e
o

Efficient parallelization for 3d-3v sparse grid Particle-In-Cell:

Shared memory architectures
0 5 10 15 20

Fabrice Deluget“. Gwenael Fubiani®, Laurent Garrigues”, Clément Guillet ",
Position x (mm) Jacek Narski ¢

Y. Jiang et al., Phys. Plasmas 27, 113506 (2020)

Oversampled method to reduce the grid-based error
in the mixed directions

S. Muralikrishnan et al., J. Comput. Phys. X 11, 100094 (2021)
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The offset sparse method —component grids

I°=0,11=0andkm=>1

k+m=n+1°-1"+1=5 k+m=n+10—11=4

G Gs, G,3 Gi4 Gsy Gy,

® S ® © §

©

16 x 16 °=1,1'=0and k,m>1I°
21 x 2/
[=]=n=4 k+m=n+1-1'4+1=6 k+m=n+1°-11=5
B ] - n= G4,2 Gs,s G2,4 G3,2 Gz,s

® ® © ©

P=111=1andk,m>1°

k+m=n+1°-1"+1=5 k+m=n+1°-1'=4
Gs, Gy G,,

() Z

Gia
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Simplified 2D modeling of a cusp discharge

periodic . = all the particles
|_y — guessssssssszanas | wafannn)ens l ..........
,' “ Discharge characteristics
/ \
’ \
h -7 A2 Magnetized electrons, argon ions
'\\ /’:. Initial electron temperature (eV) 3
\ ] Thermalization temperature (eV) 3
A | I eie g -
r’ : I Initial ion temperature (eV) 0.1
! Electron-neutral collisions
3 @ ,:' \
\
_-’ .. Initial conditions
C_J . '\\ ,z’. L_J
S 5 — = Pressure (mTorr) 0.1
S ! $  Neutral density (108 m3) 3.2
= I lasma. @ — x @ Initial plasma density (105m=3) 1
S H p . S Magnetic field max (G) 400
/ .
7 generation . _ _ N
. “~ - . Simulation conditions
R and /
1
1 : : H L, =L, (cm) 4
] thermalization : 0 d, {em) 16, 2.4
H \ Number of grid cells (std) 2562
/,' \\ Time step (s1) 0.2/m),
- yl) >l Nog 50
\ ’
\ /
\ ]
1 ? I
(U . Lo\ errererererrrrrrererererererererererrrerererdas e e L Y. Jiang, G. Fubiani, L. Garrigues, and J. P. Boeuf,
oI o d d, I Phys. Plasmas 27, 113506 (2020)
periodic L,
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Results @ 0.1 m

orr - 400 G (1/2)

Standard (N, = 50)

1.00

2D standard PIC
N, =50,N =3.3x10
electron density

ion density
2D sparse PIC

N, = 50, N, =3.3x10
----- electron density
- ion density

6

5

0.251

Densities (1.5 x 10" m™)
3

0.00

0.00 0.25 0.50
x/L

0.75

1.00

Il

lon density

0.5 1.4x10%5m3

e(go) _ ”§0 - §0ref”L2

Sparse I° = 4,1' = 1 (N, = 50)

\

C

1.00
0.75
§ 0.50
0.25

0.00
0.00

R)

||§0r'ef||L2

_ fl(P — @refl?du
fl‘/’reflzdu

Error (%)

n; (2D)

4.5

n, (2D)

4.5

0.50 0.75 1.00
X/L

L. Garrigues et al.,
in preparation
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Results @ 0.1 m

orr - 400 G (2/2)

Elec. density (5.5 x 10"°* m®)

lon density (3.5 x 10 m™®)

—— 2D standard PIC Npc =50, NT =3.3x10°

—— 2D standard PIC N =50, N, =33 x 10°
——2D sparse PICN_ =50, N =3.3x 10°

alelalt

1.00 —— 2D sparse PICN_ =50, N, =3.3 x 10°
2k
0.75} 7 — -
] s’
X= €
0.50 8 8_
n n
=
O
0.25}F 4 O -6}
Ll
8L
000 { L L L { L {
0.00 0.25 0.50 0.75 1.00 0.00
y/L
—— 2D standard PICN =50, N, =3.3x 10°
1.00 —— 2D sparse PICN_=50, N, =3.3x 10°
(| | |
0.75 b
0.50 | 8
0.25 J

0.00

0.25 0.50 0.75 1.00
y/L

0.25 0.50 0.75 1.00
y/L

L. Garrigues et al., in preparation
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Discussion
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aches — diagramme de Gantt

s E Year1 Year2 Year3 Year4
Work Packages &Tasks é g e
s 8 E s T1 T2 T3 T4 T1 T2 RES T4 T1 T2 T3 T4 T1 T2 T3 T4
B x x x
T0.1 —data management X X X X MO.1
T0.2 —meetings X X X x | DO.1 DO0.2 D0.6 DO0.3 DO0.7 D0.4 D0.8 DO.5 D0.9
T0.3 —hiring of persons X X X X MO0.2 MO0.3 Mo.4
T0.4 —annual reports X x x X D0.10 D0.11 D0.12 D0.13
T0.5 —collaborative tool X x X X MO.5
P1 Opnt. 3D sparse P Ple
T1.1 —construction X X %X X
T1.2 —scalability o I S I
P2 Be
T2.1 —definition of test cases x
T2.2 —implementation X X X
T2.3 —verification X X X

5 erical ana

T3.1 —Sparse grid reconstruction | x x  x

T3.2 — hierarchization strategy x x x
T3.2 —Vlasov-Maxwell system X X X
P4 3D solvers & e 0
T4.1 —3D parallelization X X X X
T4.2 —parallel Poisson solver X X X
T4.3 —parallel perform. benc. X X X
T5.1 —cache-based optimization x % x
T5.2 —vectorization ¥ 5 x
omi & dissemi atio
T6.1 —communication X X X X
T6.2 —archive X 2 Xz X
T6.3 —dissemination X X X X
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Budget

Partner 1

LAPLACE

Staff expenses 103 196 €

(2-year post-doc)

Instruments and material costs 13 000 €
(including the scientific consumables)

Building and ground costs 0€
Outsourcing / subcontracting 2000 €
17 200 €

General and administrative costs &
other operating expenses

Administrative management & 17601€
structure costs (13 %)

Sub-total 152 997 €

Requested funding 355470 €

Partner 2

Concace

48 000 €

(1-year post-doc)

3000 €

0€

2000 €

22 000 €

9750 €

84 750 €

Partner 3

IMT

57 180 €

(1-year post-doc)

14 000 €

0€

2000 €

15200 €

11489 €

99 869 €

Partner 4

Mds

3900 €

(1 Master Internship)

4000 €

0€

2000 €

5900 €

2054 €

17 854 €
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