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OUTLINE

»Evidence of turbulence in the boundary
regions

»Cluster and multipoint measurements

»Our present knowledge and questions




Evidence of turbulence In the
boundary regions



Magneticturbulence

The AC measurements of the magnetic field have a good resolution that makes it
possible to observe small scale turbulence in plasma. It is impossible with particle data
(velocity fluctuations).
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Magnetospheric boundaries

January 16, 2001 - T02:00 Tsyganenko 87 - version exshor ikp=4 coor=gsm
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*Very high level of turbulence in the magnetosheath behind the shock

«Still higher level at the magnetopause .



Properties of the fluctuations

GEOS-2 AUG.28,1978 S-300

5, - Turbulent like
™
s 05.32 -05.35UT Af=00454 Hz
S | spectra
= i
magnetosheath £ VS
i k= B ‘\/\\\ 5 B
<T 'Ef_'x‘u‘f\ /\/\
E o BT A VN 7]
v Uv’-.ﬁy’\,.’“ .
o gy Steeper sl
[ v Rt
5. —} eeper slope
2 o5 i . . 0
FREQUENCY (Hz)
£ |
NFC— 5 | 05.45 -05.48UT Af=0045LHz |
S s
g )
s g
magnetopause & Higher level
and boundary &
layer L =1l ]
E ........ H
%?7} - - s

FREQUENCY (Hz)



Statistical resulten the spectral
Indices dependingn the region
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Why study turbulence in space?

 Turbulence may be a consequence of the shock (same as In
hydrodynamics)

e Turbulence inducesross scale coupling, leading to:

* Increased diffusionsomal ous)

* Increase transport of hea (anomalous therma conductivity), momentur
(anomal ous viscosity, friction, resistivity)

* Accelerated mixing of different layers

* Most generally modeled by effectivendn ideal" terms to be added in large
scale laminar equations

But still muchmore crucial in space than in hydrodynami

because no « normal » transport in collisionless plasmas




A big step ahead with 3D
measurements : CLUSTER



First CLUSTER resultat the shock

CLUSTER/STAFF-SC Bz
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First CLUSTER results

CLUSTER /STAFFDecember 10, 2000
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1 point vs 4 points
measurements

From one single spacecratft, it is impossible to dstangle this spatio-temporal

ambiguity
Even for one mono-k wave,
one observer cannot separate the role -

of the wavelength and the role of the
propagation velocity in the tempoi Single
variation observed

S

observer =

For several waves, or a complete spectrum, it is obviously worst.

Except if the Taylor hypothesis can be made (Doppler effect
dominant) i = w+ k.v = k.v = kv only in the direction of the flow

But with multipoint measurements can we do better ?

wand k spectra ?
Polarization at each aw k ?




K-filtering

ldea: from two spacecraft, it is possible to separatndk, by correlating two identical
scalar quantities at the two pointsone singlek,

Bll 12 — ei¢f > k = %
‘B|1HB|2‘ XX
K-filtering :

Optimization of the simultaneous use of all thegiae
correlations that can be calculated from the dase:2 )
correlation matrix for the 3 B components and 4 spacecr aft = / e S

Non linear method of thewaximum likelihood» type, based K
on filters that are transparent for mokeraves and depend on
the data + external constraints such as

[1.B=0

Pincon and Lefeuvre, 1991 and Sahraoui et al, 2004



K -Spectra

For each observed frequenfcythek-filtering analysis can provide a 3-Bspectrum.
An integration ovef, provides the full spatial spectrum.

L|m|tS . SRV N R = o
« Demands signals that are "sufficiently" 1
stationary and homogene« iannuansg nmamaesi IHEOKRREE

» Aliasing effect if A < spacecraft
separationifut the problem can be
Identified and generally corrected)

_______

* the effective frequency range where k-
filtering can apply is restricted a limited
[frin fresd = 1.5 decades

Sahraoui, 2003



MagnetosheathTurbulence:

anisotropies
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Power lawspectrum
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Correlationwith upstreanmactivity
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Solar wind dynamic pressure(nPa)

The magnetosheath lowrequency fluctuations power is
correlated to solar wind dynamic pressure



Turbulence Is observed also In the
solar wind

Spectra from STAFF and FGM merged at 1.5 Hz
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» The level is lower in the solar wind but higher than the sensitivity of the magnetometer
* Power laws are also observed



Our present knowledge and
guestions



Classical viewof turbulence
(hydrodynamicp
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Is what we observe in space plasmas similar ?



Scalean the collisionlesplasmas

» Very large scales in the solar wind
» Scale of the system (size of the magnetosheath) 50 000km

» Breaking of the scale invariance at o or d. 100 km

» Breaking of the scale invariance at g, or d, 1 km

» No viscous dissipation scale 1/k



Interpretatiorof the turbulence In
the magnetosheath
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Interpretatiol of the turbulence I
the solar wind
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K-filtering analysis
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Interpretatiol of the turbulence I
the solar wind
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Phase analysis important

Respective role of waves and coherent structures: vortices have been dlossomee cases
Possibility of intermittency

phase d'origine phase artificialie

Phases contain critical information
for understanding the structure of

the signal

amplitude d'origime

And we shouldn’t drop half of the
Information

amplitude artificielle




Direct use of phases impossible
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Because of the folding between 0 armg the phases always look
random



Original signal

Surrogatesignals
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Structurefunctions andcoherenc
Index

calculated for original signal, random signal and
coherent signal

Coherence indicder g£2

- 1S5(07) — Se(@m)|e
2 T1s(a7) — (@) + [$(a7) — a1

Co(0,7) =1 =>» B, Is coherent
Co(g,7) =0 =>» B, Is random



Example on magnetoshea Cluster
data
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Conclusion

The 4 point CLUSTER measurements together with
sophisticated signal processing methods aliow
understand the physics of the small-scale fluctuations
In thedifferent region¢ of themagnetophel andsolal
wind....

But we are limited in the scales we can explore
— new concepts of missions



Futurepossible missions
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MMS: launchAugust 2014

1 | 14' ‘ ,% = -u{ﬂﬂ'.h’

"'--..____{] l i

'
[ i f
\ —
L & ¥ i LAYER |
: x ’ | MOTION
% I ¥
| \ﬁ = '-% i >
S A |
T y
b al h‘ |
Ll DA
ELECTROM ! - O
SCALE | ’ \ | SCRES
/
I !
' !.r | t-u, [
i ) L] i
/ i ] i
[ I % %
i ¥ 1 !
f I ¥ %
’ 1 v b tﬂ[;h"'r
4 u
I AR 0
o | \ c

Magnetospheric Multiscale Mission (NASA) Sma” Scale



Special thanks to Christian Mazelle, Gérard Belmont and
Fouad Sahraoui
for the preparation of these presentations



