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Outline

e Common features in space plasmas:
- turbulence
- small scale structures & intermittency
- temperature anisotropy

e Vlasov turbulence in 5 and 6 dimensions

* THOR

e Conclusions
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—c Turbulence in the solar wind
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= Intermittency in the solar wind
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Inhomogeneous kinetic effects

Kinetic instabilities i 0.1
influence the solar wind : Osmanetal., §
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Ingredients: @ Magnetic discontinuities
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Hybrid Viasov-Maxwell (HVM)
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= Turbulence, structures & kinetic effects
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streams of Kinetic effects (anisotropy,
skewness and kurtosis) are adjacent to
reconnecting current sheets.

In a fluid model these would correspond
to regions where collisional dissipation
takes place. Here cyclotron and/or
Landau resonances may be at work.

Servidio et al, PRL 2012
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=, Multiple kinetic effects

Anisotropy
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» Magnetic reconnection in Vlasov turbulence
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As in 2D MHD, in Vlasov turbulence there is a network of
reconnecting sites, with reconnection rated broadly distributed /
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=r Ensemble of Vlasov simulations
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= Vlasov vs. solar wind

Ensemble of simulations
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10 years of solar wind ~  Servidio et al., APJL (2014)
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=r “6D” Vlasov turbulence
Patterns of
temperature
anisotropy are near
current sheets
WO

Vlasov 3D-3V
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beams, anisotropy, and strong

F non-gyrotropic modulations
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Landau resonances can
be locally excited




“alpha turbulence”
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¢ Temperature anisotropy for alpha particles
is correlated to proton anisotropy

¢ Alpha anisotropy is correlated also to the
differential flow (velocity between bulk
protons and alpha particles)
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High resolution measurements in the SW?

We need high precision measurements
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Turbulence Heating ObserveR

http://thor.irfu.se
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—— THOR
1) Virtual satellite 2) Add SW speed 3) From Cartesian
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THOR flying through a (numerical) plasma




UNICAL
“Errors”
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R. De Marco et al., Conference proceedings of “4th International Conference Frontiers in
Diagnostic Technologies”, submitted
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Fundamental questions

Plasma turbulence

° heating

e acceleration
e diffusion

° mixing

e dispersion

21



Particles in turbulence
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The termination of the cascade

Many other groups working on these subjects!  Franci et al., APJ 2015

Simulations:

Haynes et al., ApJ (2014)
Lapenta et al., Nature Phys. (2015)
Krimabadi et al., PoP (2013)
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= The smallest scales
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v Conclusions

® Turbulence provides a “network” of reconnection events
& intermittent structures

® Hybrid-Vlasov simulations show that Kinetic effects are
stronger nearby reconnection events;

® Temperature anisotropy is higher in regions of strong
magnetic stress, and in velocity and density gradients;

® THOR mission can “capture” this physics
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;% Waves in turbulence?

Driven simulations of kinetic turbulence
using Hybrid PIC code
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The k-omega spectra show
a complete absence of
waves in turbulence

Parashar et al. Phys.
Plasmas (2010, 2011) /
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= Vlasov simulation(s)
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By varying parameters such as the level of fluctuations and
the average plasma beta, Vlasov simulations “explore” distinct

regions of anisotropy plane
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