Velocity space cascade



Collisionless Plasmas Are Out of Equilibrium
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A route to dissipation: Velocity Space Cascade

* The generation of velocity space
fluctuations at smaller and smaller
velocity scales is envisioned as a
cascade process

* An effective tool to investigate
velocity-space cascades is the
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Velocity Space Cascade: Vlasov-Maxwell numerical simulations

- The generation of velocity space Current density Deviations from Hermite spectrum
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Velocity Space Cascade: In Situ Measurements

* The generation of velocity space
fluctuations at smaller and smaller
velocity scales is envisioned as a
cascade process

* An effective tool to investigate
velocity-space cascades is the
Hermite decomposition of the
particle VDF. The associated
“energy,” distributed across Hermite
modes—i.e., velocity-space
perturbations relative to a
Maxwellian—cascades from low to
high m.
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Velocity Space Cascade: In Situ Measurements

* The generation of velocity space
fluctuations at smaller and smaller
velocity scales is envisioned as a
cascade process

* An effective tool to investigate
velocity-space cascades is the
Hermite decomposition of the
particle VDF. The associated
“energy,” distributed across Hermite
modes—i.e., velocity-space
perturbations relative to a
Maxwellian—cascades from low to
high m.
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Synthetic turbulence



Synthetic turbulence: Overview

* The solar wind magnetic field
inertial range extend for many
decades. This is very hard to
achieve with direct numeric
simulations.

* A limited extension of the inertial

range implies an overestimation of

the parallel diffusion coefficients.
» The picture is complicated by the

evolution of turbulence with
distance from the Sun.

The spatial domain: a 3D periodic box
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Synthetic turbulence: Heliospheric magnetic field

* The solar wind magnetic field
inertial range extend for many
decades. This is very hard to
achieve with direct numeric
simulations.

* A limited extension of the inertial
range implies an overestimation of
the parallel diffusion coefficients.

» The picture is complicated by the
evolution of turbulence with
distance from the Sun.

The spatial domain: a 3D periodic box

A hierarchy of cells at increasingly smaller scales:
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Synthetic turbulence: Radial scaling of the Fluctuations

* The solar wind magnetic field
inertial range extend for many
decades. This is very hard to
achieve with direct numeric
simulations.

* A limited extension of the inertial
range implies an overestimation of
the parallel diffusion coefficients.

» The picture is complicated by the
evolution of turbulence with
distance from the Sun.

The spatial domain: a 3D periodic box
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Synthetic turbulence: Correlation length evolution

* The solar wind magnetic field e =
inertial range extend for many '
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Synthetic turbulence: Intermittency

* The solar wind magnetic field
inertial range extend for many
decades. This is very hard to
achieve with direct numeric
simulations.

* A limited extension of the inertial
range implies an overestimation of
the parallel diffusion coefficients.

» The picture is complicated by the
evolution of turbulence with
distance from the Sun.

The spatial domain: a 3D periodic box

A hierarchy of cells at increasingly smaller scales:
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Synergies

* Phase space cascade in fusion plasmas? Currently looking at the

Velocity distribution functions from Giacomin+, Plasma Phys. Control.

Fusion(2024)

e Can the synthetic turbulence model be used to model turbulence in
astrophysical environment to study test particle propagation?

* Mode conversion in laboratory plasmas. Can we study the
generation of radio burst we commonly observe in the Heliosphere Iin
“the box™?
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