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Spaceplasmasdisplay fluctuations and nonlinear behaviourat a broad range of scales,being in most casesin a
turbulent state.

Turbulenceat the interfacebetweenthe solar wind and the magnetosphere

Francesca Di Mare 

f.d.mare@fys.uio.no



3

©Quanqi Shi

When the waves reach a turbulent state,
plasma and energy are transported from the
dense magnetosheathinto the more ǊŀǊƛŬŜŘ
magnetosphere.

These waves can grow to form rolled-up
vortices and facilitate transfer of plasma into
the magnetosphere.

TransportMechanism: Kelvin HelmholtzInstability

The KelvinςHelmholtz Instability can drive
wavesat the magnetopause.
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17 events of the Geotail spatial observationsfrom
1995to 2003(Hasegawaet al. 2006, Fujimotoet al.
1998, 2000, 2003, Stenuitet al. 2002):

Å Magnetic fiel data by FGM instrument at high
resolution(16 s);

Å LEP (Low Energy Particles Experiment) ion
moment data (12 s) to get data of density and
plasmavelocity.

2 events of THEMIS during November 2008
(Linet al. 2014):

Å Magnetic fiel data by FGM instrument at high
resolution(128s);

Å Densityand plasmavelocity by MOM (on-board
moments) instrument(3 s).

DatasetOverview
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Event List of rolled-up vortices detected by Geotail over nine years from 1995 to 2003, adapted from
Hasegawaet al. 2006. Thelast two eventswere detectedby THEMISprobeC,adaptedby Linet al. 2014.
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Twodifferent samplesarehereshown:

Å E2 event in the «mixed status», in which a
ǎƛƎƴƛŬŎŀƴǘamount of cool magnetosheath-
like ions waspresenton the magnetospheric
sideof the magnetopause,wherethe density,
evaluated using the full phase space
distribution,isn > 1/cm3;

ÅO event, in the «weakly-mixedstatus»,when
magnetosheath-like ions were found on
magnetosphericside,with densitylower than
n <1/cm3;
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Data Analysis ςTime seriesanalysistechniques- Diagnosticfor intermittent turbulence

In order to characterizethe propertiesof the magneticfieldƅǳŎǘǳŀǘƛƻƴǎ, any event wasanalyzedusingthe
standarddiagnosticsfor intermittent turbulence.

Thefollowingtoolsandparametershavebeenobtained:

Å TheAutocorrelationfunction, whichgivesusefulinformationabout the correlationscaleof theŬŜƭŘ;

Å ThePowerSpectralDensity(PSD)of the magneticenergyto understandhow the energycascadehappens
andwhichscalesareinvolved;

Å the ProbabilityDistribution Functions(PDFs) of the scale-dependentincrements, whosedeviation from
Gaussianwill qualitativelyillustrate the presenceof intermittency;

Å TheKurtosiswith its scalingexponent.
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Å Roughlyparabolicshapenearthe origin, indicatingthe ŬŜƭŘsmoothnessƛƴ ǘƘŜ άŘƛǎǎƛǇŀǘƛǾŜέ range;
Å Slowerdecayto zero, indicative of the inertial rangeof turbulence.

TheAutocorrelationfunction
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Å A Kolmogorov-like spectrumisobservedat MHDscales;

Å A steeperpower law issuggestedbelowion scales.

Themagneticenergypower spectra

The verticalblackdashedlinesindicate the frequencyfdi relatedto the ion inertial lengthdi, and the frequencyrelatedto the 
correlationtime fcorr.
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Å Probabilitydistribution functionsof BcomponentnormalizedincrementsҟB;

Å PDFisgaussianat largescales,while hasstrongtailsat smallscales.

Theprobability distribution functions(PDFs)
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TheKurtosis

Å Typicallygaussianat largescales;

Å Increasestowardssmallscalesin the inertial range;

Å Saturatesat ion scales.
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Å kholm spectraindexesat MHDscales
(bluedots);

Å ihon spectra indexes at ion scales
(red dots);

Å k scalingexponentof the kurtosis
(greendots);

Åmean value of each sample (grey
square)

Indexes as functions of -X(RE) coordinate 

The variation of the turbulence and intermittency parameters as a function of the
spacecraftposition alongthe magnetopause
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Analysis of the variation of parameters characterizing turbulence and intermittency, along the magnetopause.
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Indexes as functions of Y(RE) coordinate 

The variation of the turbulence and intermittency parameters as a function of the
spacecraftposition alongthe magnetopause

Indexes as functions of Z(RE) coordinate 
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