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PHYSICS OF THE SOLAR WIND

The solar wind is a turbulent and
weakly collisional system...
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and it represents the classical paradigm of a collisionless plasma
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TORBULENCE !
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SOLAR WIND TURBULENCE

Power laws at MHD scales & sub-ion scales
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SOLAR WIND TURBULENCE

Power laws at MHD scales & sub-ion scales
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PARTICLE DISTRIBUTION FUNCTIONS
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STRONG DEFORMATION OF THE ION
DISTRIBUTION FUNCTION!!!
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COMPRESSIBILITY OF MAGNETIC FLUCTUATIONS

[Kiyani et al., 2013]
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[Bale et al., 2005]

SLOW SOLAR WIND
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WAVELET ANALYSIS

INTERMITTENCY 2002-02-19, 00:12-02:36UT, CLUSTER/FGM
Morlet wavelet transform
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‘DEFINITION’ OF COHERENT STRUCTURES
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ALFVENIC STRUCTURES (I): CURRENT SHEET

Arlp,= 8.8, p,= 36.8km, B,= 0.9
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ALFVENIC STRUCTURES (Il): COMPRESSIVE VORTICES

THE MOST COMMON
CASE!!!
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COMPRESSIBLE STRUCTURES
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HYBRID VLASOV-MAXWELL (HVM) SIMULATIONS

O Protons and alpha particles as kinetic particles
(Vlasov equation)
O Fluid electrons (generalized Ohm’s law) [Valentini et al., 2007;
H:: Perrone et al., 2011]

Maxwell equations

2D3V PHASE SPACE
CONFIGURATION

In typical conditions for
= he solar wind:

B=1 OB /B, =023
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KINETIC TURBULENCE

LONGITUDINAL CORRENT DENSITY
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KINETIC TURBULENCE
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KINETIC TURBULENCE
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CURRENT SHEET
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PARTICLE MEASUREMENTS
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CONCLUSION

o Turbulence in the solar wind around ion scales is compressible and it is

characterized by strong intermittency related to mostly convected coherent
structures with k perp to B,

o Unfortunately, the existing particle ‘in situ’ measurements have several
limitations to study kinetic processes

SYNERGY BETWEEN KINETIC SIMOLATIONS
AND OBSERVATIONAL DATA'
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