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Dynamical properties of turbulence are random, but
statistical properties are predictable and universal
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$ break at ion cyclotron frequency (ion gyration around B,) f

PSD [nT%/KHz]

Presence of background magnetic field B,

— Turbulence anisotropy

— Characteristic scales and frequencies
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There Is a source of free energy,
lon temperature anisotropy
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growth of AIC waves
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growth of mirror waves
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Alfven lon Cyclotron mode is
transversal with k||B
(low b, high anisotropy)

compressible mode, k" B
(high b, low anisotropy)

Magnetosheath turbulence = mixture of weakly
Interacting linear waves (weak turbulence) ?
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[Alexandrova et al., 2004, JGR]
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o for different events x is different (but around 1)
e d2 34 56&7 .8
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— 5, Is the spectrum of longitudinal magnetic fluctuations dB,
— S Is the total power spectral density of dB

There Is no magnetostatic
equilibrium :






[Sebastopol, 2007]



Phase fronts
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e maximum of the cross-
correlations function
gives a time lag
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e test on the time lags:
du:dm+dm
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Properties of the observed coherent fluctuations :
2D (k; < k»)

Alfvénic (dV. || dB.)
incompressible (dB < dB.)

Incompressible MHD has solutions in the
form of magnetic vortex (Alfvén vortex)
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Field aligned vortex: monopole Inclined vortex: dipole



2D Navier-Stokes equation :

where w Is the vorticity & y Is the stream function
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Particular case : vorticity is localized in a circle of the radius a,
where the potential Y is a solution of the Helmholtz equation
outside it decreases as 1/r :
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[Petviashvilli & Pokhotelov, 1992]




Satellite '

Measured waveforms



[Alexandrova et al., JGR, 2006]
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Why we don’t observe the vortices in the solar wind ?
Applicability of weak turbulence approximation is questionable

A signature of a strong turbulence ? (anisotropic turbulence in
a strong magnetic field  structures with k,=0)

Why they appear in the vicinity of the spectrum junction ?
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—weak turbulence : mixture of weakly interacting linear waves
with small amplitudes and random phases, e=t,/t,is small

—strong turbulence : non-linear interactions are strong e>1

Alfvéen waves dispersion in Hall MHD e=t ,/t <1 ' e>1 ' t/ty <1

RH

LH: V| with k

at low frequencies: e=v /v; <<1
weak turbulence is possible
at the vicinity of f Y] ~Oandt, <t,
may be strong turbulence (generation of coherent structures)



Vortex rayon a=1

e Spectral knee at k=a! ; power law spectra above it
* Monopole dB?~k (due to discontinuity of the current)
e Dipole  dB?~k® (due to discont. of the current derivative)



[Alexandrova, submitted to NPG]

Plateau appears at the scales between Il -tand a-!



16/12/2001

a-l

*a~700 km =13 c/w,
| ~2300 km =42 c/w,

31/03/2001

*a~ 300 km ~ 10 c/w,
*| ~1000 km ~ 30 c/w,,
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We have considered turbulence in the magnetosheath
downstream of Q™ bow-shock, [0.01-12.5]Hz
Similarity with SW : spectrum = power laws with a break in the
vicinity of f
Distinctive features :
- no Kolmogorov-like inertial range
- spectral maximum sitting on the break
Spectral maximum = Alfven vortices (k.>>k )
It seems that in the magnetosheath conditions the transition
from one turbulent regime to another is going through the
generation of coherent structures in the form of magnetic vortices



