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OBJECTIVES PRELIMINARY RESULTS

* The physics of magnetized plasmas and E x B devices is complex and very non-linear
* Numerical simulations can bring a better understanding of the phenomena

« One of the most fundamental aspects of any numerical approach (beyond validation by le15 —
comparison with experiment) is the verification of the method's implementation — eroun2
* |In the context of partially magnetized ExB discharges (only the electrons are magnetized), two =k — gmup j
2D benchmarks have already been published using particle-in-cell (PIC) simulations in the — erouns
context of the Hall thruster [1], [2] %+ —— Group 6
. . mM Group 7
« These benchmarks have proved very popular with the community g . —— Group 8
* We propose a new test case in 2D and corresponding to the radial-azimuthal simulation plane E — Ez:p ?ﬂ
of the rotating spoke in a collisionless Penning discharge < 5l — Grou:: 11
Group 12
— Grouz 13
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PENNING DISCHARGE
D_

* Penning discharges are E x B plasma column [4-6] 002  —-001 0.00 0.01 0.02
« Axial magnetic field [few hundreds of Gauss] + DC electric field
* Primary electrons are injected at one end of the column

+ Pressure [a few mTorr] 00 o
+ Plasma densities [10° — 1018 m] _ —— Group 3
« Electron temperature [1 - 10 eV] -0.51 | " orars
« Coherent structures in the azimuthal direction (f ~ a few kHz, A ~ a few centimeters) induced by —— Group 6
a Simon-Hoh instability [7] < -10 i
Magnetic Coil ~— Group 9
\ ©- —— Group 10
] R -15 —— Group 11
Penning R G e e Group 12
discharge - g Ml e T Orewe
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Insulator : . . . . .
% —0.02 —0.01 0.00 0.01 0.02
I Conductor (Anode) 0.0
250 us 253.8 us 257.5 us 261.3 us —— Group 1
1.0 20 Group 2
\5 x 101 — Group 3
x 10" - —— Group 4
03 e R ROtatlng —— Group 5
o 3% 10°% B \ —— Group 6
= 0.0 ¥ 1018 _:_ SpOke [6] \ Group 7
& — Group 8
-0.5 1 x10" Group 9
—— Group 10
1076 o5 00 05 10-10 -05 00 05 10-10 05 00 05 10-10 -05 00 05 10 —— Group 11\
z /Ry x/ Ry x/ Ry x/ Ry Group 12 |
— Group 13

PIC ALOGORITHM/INPUT DATA

« Lagragian (particles in phase-space) and Euler (Poisson’s equation) approaches [8], [9] -0 502 ~0.01 0.00 0.01 0.02

ntegration of the i iniecti X
|—| Cosore o[ e sesngeton - [—
(absorption, emission)
‘ Interpolation of the E field to
particle positions
[Cotms | Electrostatic PIC Cycle ONGOING WORK
the notles of the reguiar 1 . Effect of time-varying averaging on the results?
* Reduce the ion mass to accelerate the spoke rotation, v,,, < 1//m; [6
Assignation of the rot l
LIResotl_uﬁon ot Porssors I— partce sources  Include self-consistent ionization through electron-atom collisions (only injecting electrons)
equations on the regular gri o the grid nodes of the ] o
regular grid — . * Include ion-atom collisions
Parameter | Symbol Value Units ] . . . .
Helium 4 lon mass | m, 0L | m, « Construction of a modular and transportable Penning experimental device in Toulouse, France
.y - - Time step size At 4.0 = 1071 8
° Inltlal COndItIOnS [3] Number of time steps Ny 12, 500, 000 -
https://www.landmark-plasma.com, test Case 4 I D REFERENCES
y e Detween Tagnon e prt | Seri | D8 | 1 1] T. Charoy et al., Plasma Sources Sci. Technol. 28, 105010 (2019
X-MINImm Trmin 2.5 x I[]‘ L=
e R S 2] W. Villafana et al., Plasma Sources Sci. Technol. 30, 075002 (2021)
oV BC _yominimm |y 25x07] m 3] Low temperature magnetized plasma benchmarks (LANDMARK) project,
N SEE @ Domain length i[; }'-dri]'i?i.‘tii;-[: JEEI j.l[] % 107* m httDS//WWW|and mark-p|asmaCOm/
° D it ~ells In x-direction N 256 Wi .
NO s ; B TR N NP AN N A1V N 4] Handbook of lon Sources, edited by B. Wolf, CRC Press (1995)
MO o9 ﬁ_lon ; AN e AR B o e 5] Y. Raitses et al., International Electric Propulsion Conference, pages IEPC-2015-307, 2015
d. tat))(V\;e lan d ¢ * Ap[:-lic.*ii m:agn;ﬁc' ficeicil .~:1rf.~:.rlgth :’;:’ .l_[.]:-c I[]‘:- T 6 A T POWlS et al, Phys PlasmaS 25, 072110 (2018)
Injection radius Rin; 5.0 % 10~ m —
IIS /rll _lé) Ijns Ie'li Electron i|:1ij.=c'L'Ltm1 current J',:_.;.-I —20.0x 107 | A/m 7 TUySheV et a|1 Phys Plasmas 30’ 033506 (2023)
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I h]iwm—pnriic'l]:e welght Nemp 1.0 = 107 - 1991 . . . . .
X Electron macro-particles injected per time step | - 49.932 - 9 R W HOCkney and J W EaStWOOd, Computer S|mUIat|On US|ng Pal‘tICleS, MCGraW'H”I
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