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Trace Power Spectral Density (nT/Hz)

Fluctuations in the solar wind
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MHD turbulence in numerical simulations
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Energy and residual energy

Residual energy E (k)=E,(k)-E,(k):
Excess of magnetc energy over kinetic

Solar wind (Chen et al 2013)

(SB, Perez, Borovsky, Podesta 2011)

Residual energy is spontaneously
generated,
not supplied by the forcing
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Residual energy in weak MHD turbulence
has nontrivial structure

e’"(k) = R€<Z+(k) . Z_(k)> X —EzkIZA(k”)
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A(k” ) is concentrated at
k” < CEQkJ_

Wang et al (2011)
“condensate”

Structure in k-space
}Ak” &« A must be resolved in numerical
Simulations.

Strong turbulence? Solar wind?
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Trace Power Spectral Density (nT/Hz)

Fluctuations in the solarwind at § ~ 1
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Oblique waves in f ~ 1 plasma
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Oblique waves in f ~ 1 plasma
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Sub-proton fluctuations in the solar wind

Magnetic field  Density
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Near equipartition between b and n is more consistent with kinetic-Alfven modes
Chen et al PRL (2013)



Spectrum of sub-proton fluctuations

Magnetic field Density
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Kolmogorov-like arguments lead to -7/3 spectrum (e.g., Vainshtein 1973).
The difference is not fully understood (Landau damping, Intermittecy,
Non-gaussian distribution functions, etc?) 13



Spectral break of fluctuations in the solar wind

Magnetic field Density
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Spectral break corresponds to ion gyroscale in these observations.
Is this always the case?



Spectral breakfor f > land f K 1
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Alfven waves for f > 1

Oblique waves in a high f; plasma
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Alfven waves for f3; < f, < 1

Oblique waves in a low f5; plasma

== fast (magnetosonic) — whistler mode
= Alfvén — kinetic-Alfvén mode Wg‘;\
= magnetized ion-acoustic mode AT

1.+ 1 ,f1+}:§/vj kJ_

dif  p: d;cosé

The break at 1/p,, does not agree with the observations

Ps = vS/'Qi = Te/Ti Pi SB, Chen, et al 2015
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Pressure balance check
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Role of density fluctuations

0 ~Be~0.3 Density fluctuations in this region

would upscatter Alfvenic fluctuations

/A Fast waves wiould upscatter Alfven
/ fluctuations in this region

—~ //>> 6 ~ 6B/B ~ 0.02
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Processes of Alfven wave scattering by density fluctuations
play important role

Field parallel turbulent cascade may be important (Roberts & Li 2015).



Magnetic field rotations
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Magnetic field rotations in the solar wind
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Magnetic field rotations in the solar wind
and in numerical simulations
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Fundamental questions to answer

- Waves and Turbulence in regimes of high and low plasma beta
(kinetic, magnetic parts, residual energy?) Some answers from
future NASA missions?

- Origin and role of structures in solar wind turbulence
(originated at the sun? Developed in the solar wind turbulence?)

- Role of kinetic effects, where they become important?
lons or electrons? Relevant for mechanisms of energy dissipation.

- Role of density inhomogeneities in a low beta plasma
(scatter of Alfven waves; upscatter in energies?)



Contribution to the Discussion:

Comparison of numerical measurements
of the MHD turbulence spectrum
by Perez et al (2012, 2014)
and Beresnyak (2011, 2012, 2014)

Perez et al (2014): arXiv:1409.8106

http://adsabs.harvard.edu/abs/2014arXiv1409.8106P



The -3/2 spectrum of strong MHD turbulence is
obtained by Perez et al (2012)

Balanced strong turbulence
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Beresnyak (2011, 2012, 2014)
concluded that the spectrum is -5/3
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Beresnyak’s results are easily reproduced in

unresolved runs
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The «-5/3 spectrum» disappears in resolved runs

Unresolved MHD runs
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Dynamic alignment is well seen in resolved runs
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Dynamic alignment is broken in unresolved runs
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Alignment is preserved in well resolved
simulations at all scales, even inside the

dissipation range.
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Conclusion

Numerical simulations by Beresnyak (2011, 2012, 2014)
are drastically unresolved in the region where
the «-5/3 spectrum» is observed.

The «-5/3 spectrum» is a purely numerical, unphysical
effect; it disappears as the resolution is increased.

The spectrum is -3/2 in resolved simulations by Perez
et al (2012, 2014).



