Effects of dispersive wave modes
on charged particles transport
C. Schreiner'2  F. Spanier!

'Center for Space Research, North-West University Potchefstroom
2Lehrstuhl far Astronomie, Julius-Maximilians-Universitat Wirzburg

ICRC 2015 — SHO8




Transport and Acceleration of Particles \rlb NWU'

POTCHEFSTROOM

Heliosphere and Solar Wind:
@ magnetized, thermal background plasma

@ plasma waves, shocks, magnetic
inhomogenetities, ...

@ particle scattering and acceleration

= non-thermal population of energetic
particles

Source: Sun-Earth Day 2010, NASA Goddard
Space Flight Center
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Heliosphere and Solar Wind:
@ magnetized, thermal background plasma

@ plasma waves, shocks, magnetic
inhomogenetities, ...

@ particle scattering and acceleration

= non-thermal population of energetic
particles

Transport of Energetic Particles:
Source: Sun-Earth Day 2010, NASA Goddard @ interaction of particles and magnetic fields
Space Flight Center
@ resonant scattering of particles and waves
@ acceleration of energetic particles
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Wave-Particle-Interaction r'b

Theoretical Modeling:
@ quasi-linear Vlasov theory with test particle approach
@ Fokker-Planck diffusion equation — pitch angle diffusion coefficient
o efficient scattering of particles at resonant pitch angle jires
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Theoretical Modeling:
@ quasi-linear Vlasov theory with test particle approach
@ Fokker-Planck diffusion equation — pitch angle diffusion coefficient
o efficient scattering of particles at resonant pitch angle jires

resonance condition:
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plasma frame:

k“ Vs /lres + nﬁs/'.)’s — W = 0

K| Vs pires + NS2s /s =0 k“ , W
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Wave-Particle-Interaction @j PI\ATCHLEJFZTRO o

Wave Frame:

K| Vs tres + N /75 =0

@ particle speed v{
@ Lorentz factor ~,

@ pitch angle cosine 1’
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Wave Frame:

K| Vs tres + N /75 =0

Wave Propagation

@ particle speed v{
@ Lorentz factor ~,

@ pitch angle cosine ./

o =) = = = PANE
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Wave-Particle-Interaction L@j PI\A\T/C\{}EJFZTRO o

Wave Frame: Plasma Frame:

Ki| Ve tres + NQs /75 =0 Ki Vs pires + NQs /s —w =0

Wave Propagation

. — 2
e particle speed v/ ° V= \/ VZ — 2 Vs Vpn ju + V5,
/ A 2 -
@ Lorentz factor 4 @ s = 1- (—g)
/ M Vs —Vph

. . o = = P
@ pitch angle cosine 1/ " \/m

o =) = = = PANE
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Wave-Particle-Interaction l@j PI\A\T/C\{}EJFZTRO o

Wave Frame: Plasma Frame:

Ki| Ve tres + NQs /75 =0 Ki Vs pires + NQs /s —w =0
Theoretical Predictions

standard QLT: QLT + transformations:
A= 1 u'E) ApE(p, t, )
= wave frame only = plasma frame

(magnetostatic limit)
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Numerical Approach l@] P“ATCHLEJFZTROOM

Particle-in-Cell (PiC) method:

o self-consistent, kinetic simulation

Fields Particles
@ high spatial and temporal resolution = R
@ computationally expensive B
o artificial mass ratio m,/me i
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Numerical Approach r'b

Particle-in-Cell (PiC) method:

@ self-consistent, kinetic simulation Fields Particles

@ high spatial and temporal resolution L SN SR
gh spati por: LR

@ computationally expensive

o artificial mass ratio m,/me

Simulation Setup:
@ magnetized, thermal background plasma & e s arse

@ mono-energetic test particle population of . = s |
species s (e, p) = -

@ amplified low frequency wave (w < ) V
= choose specific set of parameters e

according to resonance condition Ho

@)
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Resonant Scattering l@j PI\ATCHLEJF;ROOM

Scattering Processes:
@ particle changes its direction
o Ap = pu(t) — n(f) as measure of scattering efficiency
e resonance: peak in Au(fi) (with j = £t)Eulb)y
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Resonant Scattering r'b

POTCHEFSTROOM

Scattering Processes:

@ particle changes its direction

o Ap = pu(t) — n(f) as measure of scattering efficiency

) . —\ (it F 4 f
e resonance: peak in Au(fi) (with j = £t)Eulb)y
050 Ap*(l‘,w) 1.0
' Apt(t,W+n)

Example Simulation 1: 025 |- B

o amplified Whistler wave | . 06

@ natural mass ratio ) é ' o

@ electron scattering oasf 1.,

(Ekin ~ 100 keV) ‘
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Resonant Scattering l@j NWU_

OTCHEFSTROOM
Wave Frame: Plasma Frame:
(“magnetostatic” test particle simulation) (full PiC simulation, 2d3v)
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Resonant Scattering @ NWU_

OTCHEFSTROOM
Wave Frame: Plasma Frame:
(“magnetostatic” test particle simulation) (full PiC simulation, 2d3v)
0.50 T 1.0 0.50 T 1.0
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= transformation of v, 1 and Ay’ works as expected
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Resonant Scattering l@j PI\ATCHLEJF;ROOM

Example Simulation 2:
o amplified Whistler wave
@ mass ratio: my/me =10
@ electron scattering (Exin ~ 250 keV)

Cedric Schreiner (NWU) ICRC 2015 — SH08 8/10



Resonant Scattering l@j PI\ATCHLEJF;ROOM

Example Simulation 2:
o amplified Whistler wave
@ mass ratio: my/me =10
@ electron scattering (Exin ~ 250 keV)

Wave Frame: Plasma Frame:
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Summary L@J PI\ATCHLEJFSTROOM

Theoretical Modeling:
@ QLT works for both protons and electrons
@ predictions valid for reference frame of the wave / magnetostatic limit
@ transformations should yield correct description in plasma frame
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Summary r'b

Theoretical Modeling:
@ QLT works for both protons and electrons
@ predictions valid for reference frame of the wave / magnetostatic limit
@ transformations should yield correct description in plasma frame
= doesn’t work in all test cases

Simulations:
@ resonant scattering of electrons and (dispersive) waves possible in PiC
@ electrons interact with right- and left-handed waves (not shown here)
@ results match theoretical expectations — most of the time
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Outlook Lnu PI\(!TCHH:STROOM

Next Steps:
@ parameter studies / planning of simulation setup
= realistic solar wind parameters?
@ multi-wave-interaction
= (kinetic) turbulence in PiC?
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Outlook r'b

Next Steps:
@ parameter studies / planning of simulation setup
= realistic solar wind parameters?
@ multi-wave-interaction
= (kinetic) turbulence in PiC?

Long Term Goal:

@ particle scattering in turbulent electromagnetic fields
= transport characteristics of fast electrons?
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