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Kinetic and Fluid models: s = electrons/ions

» Vlasov/Maxwell
f
0_+ Vi fs + — (E+v><B) V.f,=0
Ot m.
» 10 moment Fluid/Maxwell
on.
8t8+ V - (nsus) =0
m. (gstus) —nsgs(E+u; xB)+V-P;,=0
OPs 1
S T gs(nssym(us ® E) + ;sym(Ps xB))+V-Q,=0.
» 5 moment Fluid /Maxwell
on.
5’1“(; V - (nsus) =0 1
m (I(;S:S) — nsqs(E + us x B) + NV( 2E. — m.n.u ) + V- (msnsus @ ug) =0
0&, 1
E — gsnsUg - E -+ NV y (US((N + 2)5 msnsu )) 0
» Maxwell
_P _ __0B it e 2E
Vv E—GO, V-B=0, VXE-= 5 VXB—,LLOJ—I—,LLOGOat
» density ns = [ fidv,

u, = nif v £, dv,

p = ). Qshs, current density j = > _gsnsus,
Ps=ms [ v® vidv,

scalar second moment & = 7= [ v fdv = tr(Ps)/2,

third moment Q. = m, fv X v Q vfdv

dim. of velocity space N

mean velocity

charge density
second moment

» Scaling on JUWELS Booster

Weak scaling of muphyll on JUWELS-booster
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Figure 1: Computing time scaling of muphyll while increasing resolution and number of GPUs on JUWELS Booster
at Julich Supercomputing Centre.

» From fluid to kinetics

Scheme Description Criterion

VeViM Vlasov electrons, Vlasov ions J>125ngvay V ue > 4.0 vyg
-10eViM 10 moment electrons, Vlasov ions J>0.75 ngvag V  ue > 2.0 vag
~10eF10iM 10 moment electrons, 10 moment ions j > 0.30 npvao V we > 1.0 vap
-5eF10iIM 5 moment electrons, 10 moment ions j > 0.10 ngvao V we > 0.5 vap
-5eF5iIM 5 moment electrons , 5 moment ions else.

Table 1: Plasma models and criteria used in the coupled simulation of foreshock reconnection.

» Hierarchical Tucker
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Figure 2: At each coordinate (x, y, z) the velocity distribution f(vy, v, v;) is decomposed according to the shown hierarchical
Tucker tree. The coordinates which the respective factor matrices belong to are highlighted in blue.

» Coupled simulations
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Figure 3: Current density [j| (left) next to the utilized plasma schemes (right) at different times in the foreshock reconnection
simulation.
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» Hierarchical Tucker

Low-Rank 1283, r =8  Full Grid 36° (same wall time) Full Grid 16° (same DOF)
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Figure 4: Out-of-plane current density at t = 62.83 2, in the low-rank simulation and comparable full grid simulations.

Results achieved so far:

» dynamic coupling of
VeViM <— F10eViM <— F10eF10iM <— FbeF10iM <— FbeFbiM

» hierachical Tucker: speedup 70

» step to global simulations

What’s next?
» coupling to MHD
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