Compressive wave structures on kinetic scales
resulting from a two-dimensional turbulent cascade
in the solar wind
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A.l.K.E.F. code

lons are treated as particles following the characteristics of the
collisionless Vlasov equation:

dv; ; 1
i % (B4 v xB),
dt m; c
da;
o
Electrons are treated as a massless fluid:
d 1
mem(;t%) =0= —ene <E + —uUe X B> — grad pe,
c

leading to a generalized Ohm's law of the form:

1
grad pe.

1
EF=—u.xB—
c Ne€
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A.l.K.E.F. code

Isothermal equation of state for the electron pressure:

Pe =Pe0 | —
Neo

Magnetic field is described by the induction equation:

86—? = curl (u; x B) — curl <

curl B x B)
T Oc

The code is parallelized. Adaptive mesh refinement is possible.
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One-dimensional simulation

Initialization

Bp = 0.08, B =0.5
Box size: 2048 grid points over a spatial size of 500¢,,
400 (pseudo-)particles per cell

superposition of 60 Alfvén/ion-cyclotron waves following a
Kolmogorov spectrum (k~5/3) in interval k = 0.06...0.2

amplitudes correspond to a wave with amplitude 6 B/By = 0.1
dt = 0.01
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One-dimensional simulation
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One-dimensional simulation

Dispersion, PSD B-field
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Two-dimensional simulation

Initialization

o By =0.05, B = 0.5
o Box size: 1024 x 1024 over a spatial size of 2504, x 250¢,
@ 1000 (pseudo-)particles per cell

@ superposition of 20 incompressible MHD Alfvén waves
following a Kolmogorov spectrum (k~%/3) in interval
k =0.05...0.2 for each direction

@ 360° covered by 60 steps

@ amplitudes correspond to a wave with amplitude
§B/By = 0.01
e dt =0.01
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Two-dimensional simulation
PSD B-field
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Two-dimensional simulation
PSD density
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Two-dimensional simulation

Dispersion, PSD B-field parallel
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Two-dimensional simulation

Dispersion, PSD B-field perpendicular

1e+06

100000

10000

1000

MANX-PLANCR-GESELLSCHAFT

D. Verscharen et al. Compressive wave structures



Two-dimensional simulation

Dispersion, PSD density perpendicular
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Two-dimensional simulation
Correlation: Pressure-balanced structures?
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Conclusions

@ Wave—wave interactions excite linear normal modes at higher
wavenumbers.

@ Parallel: L-mode until cyclotron resonance, R-mode continues.
@ Density fluctuations are essentially perpendicular.

@ lon-Bernstein waves and pressure-balanced structures (PBSs)
might explain the perpendicular fluctuations.

@ The spectral break occurs rather at the inertial length scale
than at the gyroradius.
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