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Study of solar wind turbulence

Direct observations

Collisionless plasma, wave-wave interactions
Propagation of cosmic rays

Scattering of particles on fluctuations

Solar —terrestrial relation

Coupling of SW with earth’s magnetosphere,
anomal ous viscosity

Several exponents on the short spatial scales

L essons for other astrophysical systems



SCHEMATIC MAGNETIC SPECTRA IN THE SOLAR WIND
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Density Fluctuations

Arethey generated by the same mechanisms
asthe velocity and the magnetic field fluctuations ?
Alfven waves do not generate density fluctuations!

M agnetosonic Waves do!
OR

Arethey created by some other mechanism

AND convected by thev,b flow asa passive scalar ?

Spectrum would distinguish these cases!



One Proposal isto
assumea |k~ spectrum of Alfven waves
and
Its cascade produces a k_5/33pectrum
Steepened part

due to damping of kinetic Alfven waves

|SSUES | .
How isthe K™ spectrum produced?

Damping mechanisms gener ate steeper than
the observed spectral



OUR Proposal isthrough
the Kolmogorovic Dimensional Arguments
| dentify the Invariants
Their Kolmogorovic cascade
produces

spectrawith different exponenets

Ase.d. in 2D Hydrodynamic Tur bulence
with Energy and Enstrophy asthe two invariants

resultingin | —>/3 and k= spectra



Kolmogorov Hypothesis (Andrey Nikolaevich Kolmogorov)

Cascade from large eddies to small eddies

Llisrtial Scales
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CASCADES

In order to derive the spectral energy distributions

we resort to the Kolmogorov MYFOTHESS

the goectra cascades prooesd a a condant rate governed

-1
By the Eddy Turn Over Time (kvk)




| llustration of the Kolmogorov Way or
the Dimensional Arguments

|n 3-D homogeneous and Isotropic turbulence

TheEnergy Spectrum in INERTIAL RANGE
(KV (V) = ¢, E(K) = (Vll;)z

E(k) _ 52/3k_5/3



Incompressible Alfvenic Turbulence in the Inertial Range

THE TWO MHD INVARIANTS

L
Total Energy FE = E[[VE + B*\d'x

Stribling et al.
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Magnetic Helicity Hay = EfA . Bd'x 1994, 99 2567
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Magnetic Helicity (ka)( K ) =&y Vk — Bk
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Incompressible MHD Turbulence ----- -
Alfvenic Fluctuations

ov=10b, oh=0 k==k

Cascading Properties of the two invariants
The Total Energy and The Magnetic Helicity

Produce the identical v,b spectrain the inertial
range

Density fluctuation are just convected by the
flow like the corksinafluid!



Incompressible Alfvenic Turbulence in the Inertial Range

V=B, Identical spectra, Density fluctuations are just carried

by V,B k 1
Em(K)
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SCHEMATIC MAGNETIC SPECTRA IN THE SOLAR WIND
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Inclusion of the Hall-Effect in the generally accepted
Alfvenic Turbulence

Why Hall ? C
4 1 —.

- : I
Steepening observed near the lon Inertial scale @,

Towards short scales

Dispersion caused by the Hall effect introduces k dependence
In the V B relation around these scales

Different Spectrafor V and B

What convects the density fluctuations? V or B ?

Departures from Alfvenicity also observed at short scales



THE HALL-MHD

The two —Fluid Modd

oV, ~ JxB
mn [+ V9V -
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The Hall term decouples eectron and ion motion on
lon inertial length scales and ion cyclotron times



Wavesin Hall-MHD

(K) = (_%) —[-k/2+(k?/4

NOTICED \ STATE

FOR WHICH




THE THREE INVARIANTS OF THE HALL-
MHD
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SPECTRAIN THE HALL STATE

From The Hall relation V, = [Ot(k)]_l B,

For k>>1,

a(k) = k™ the shear Alfven branch
and

a(K) ~ k the whistler branch



Modeled solar wind spectra including Hall effect (for shear Alfven branch

T b =k,
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- Density fluctuations?
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What convects the density fluctuations?V or B ?

B Isfrozen to electrons

ore the electron density fluctuations will f
gnetic fluctuation spectrum

not frozen to 1ons

y fluctuation spectrum

Thetwo fluid effectsin their full glory!




Modeled solar wind spectra including Hall effect
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Tracking of the magnetic spectrum by the density
spectrum is essentially a statistical form of pressure
balance between the thermal and the magnetic pressure

ThusintheHall regimeif the electron density fluctuationsare frozen to the
magnetic field fluctuations  We must have

2
b_ 3 nekBTe
o

And if the kinetic energy spectrum istracked by theion density fluctuations, there
must be a balance between thedynamical pressure and thethermal pressure of

theions V2
7 znikBTi
2
For shear Alf nthe b 1
or shear Alfven wavesin the "“« 2 i
. a_ S5 P Vs Ne =1
Hall regime 8r 2

Therefore Te < T,



Conclusion
Steepened spectradue to The Hall Effect
Electron density and lon density Spectra differ
Dissipation range at even higher k
Could be due to various wave-particle damping

mechani sms.

Further

Investigation - | |
Compressibility Effects, anisotropy, radial
variation etc.






Magnetic Helicity in the presence of external
uniform field

H, =H, +2B,.<vxb>

Three possibilities

1. Thenew term averagesto zero over some timescale, it will not
affect results based on inverse cascade of helicity. Scale

separation, absence of alpha effect would also preserve the
Invarianceof H M

2. Thenew term may become statistically equipartitioned with
H_M with concomitant effects on spectral transfer

3. H_M might decay in favour of new term



