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Turbulence in weakly-collisional plasmas I «ISTP
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Kinetic, “dissipative” range Dissipation function in
plasmas is unknown!
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The issue of plasma heating and energy dissipation alSTP
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Energy is ultimately “dissipated” at small spatial scales. Several local “heating” mechanisms, often based on the
collisionless assumption, have been proposed but a definitive answer is still missing.
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Dissipation surrogates in weakly-collisional plasmas

Several diagnostics have been implemented to identify kinetic-scale energy conversion and dissipation in weakly-
collisional plasmas. We categorize them in: energy-based and VDF-based parameters

X 0.
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Dissipation surrogates in weakly-collisional plasmas alSTP
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Several diagnostics have been implemented to identify kinetic-scale energy conversion and dissipation in weakly-
collisional plasmas. We categorize them in: energy-based and VDF-based parameters

OP+, MNRAS 2021
VDF-based diagnostics: non-equilibrium features in the particle VDF
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Dissipation surrogates in weakly-collisional plasmas alSTP
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These parameters have been compared by using:

A. Two type of 2.5D kinetic simulations:
~  Magnetic reconnection. Harris-like sheet perturbed with low-amplitude noise
B,=0.2 L=L,~25d m /m =25
Analysis when reconnection is stationary

~ Decaying plasma turbulence. Large-scale uncorrelated perturbations imposed on a homogeneous
equilibrium with an out-of-plane background magnetic field B ;:

6B/B0=0.53 =1 L=L~120d
Analysis when turbulence and fluid-like dissipation are most intense
B. Three different codes:
i) Fully-kinetic Particle-in-cell (VPIC)
ii) Fully-kinetic continuum Vlasov (Gkyell)
iii) Eulerian Hybrid Vlasov-Maxwell (HVM)

C. Both collisionless and collisional cases are explored.

OP+, MNRAS 2021



Plasma turbulence at sub-proton scales

Reconnecting current sheets are dynamically
generated by turbulence as well as vortices,
filaments...

Energy-based measures D, &, and Pi-D peaked
close to current sheets. P-0 also intense in
islands due to compression and expansion.
VDF-based diagnostics also peaked close to
current sheets.

D is net positive = field energy flows into
plasma energy

LET ¢ is net negative = local cascade to smaller
scales

Proton-proton collisions do not affect energy-
based measures since do not produce a net
energy transfer. VDF-based parameters are
affected by collisions, that tend to
Maxwellianize the particle VDF.
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Profiles of dissipation proxies
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Reconnection: cuts in normal direction through
X-line. Turbulence: cuts through a typical
current sheet.

Measures all at elevated levels at and near
current sheets, although not coincident:
“regional” correlation

Reasonable qualitative agreement for many
quantities between cuts from reconnection
and turbulence runs, especially in the VDF-
based measures

Some differences appear, e.g. Dp is dominant in
the reconnection run while this is not the case for
the turbulence run.

Measures in turbulence have an intrinsic
variability, while should be relatively steady

in steady-state reconnection (Bandyopadhyay+, PoP 0.2

2021)
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Conclusions alSTP
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> Defining dissipation in nearly-collisionless plasmas is rather complex:
o ) . OP+, MNRAS 505, 4857-4873 (2021)
X Dissipation as energy conversion (e.g. from magnetic to thermal...)

X Dissipation as production of kinetic effects in the particle VDF (e.g. Landau damping or generic storage of
free energy in velocity-space VDF structures)

X Dissipation as irreversible entropy growth

We categorize and compared several dissipation surrogates, useful for identifying kinetic-scale energy conversion
and dissipation, as energy- and velocity distribution function-based, in a suite of different numerical simulations
(VPIC, Gkeyll and HVM) that also include inter-particle collisions:

-~ Different dissipation parameters show similar results and all parameters exhibit a local correlation: they are
non-zero near regions of intense magnetic stress, thus confirming that energy dissipation is non uniform

~ Collisional effects are particularly active in correspondence of strong current structures

> Both energy- and VDF-based can be useful, and using multiple measures is likely best to identify key physics
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