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Talk outline

Importance of stochastic data analysis

Multiscale turbulence: theory and observations

Methodology for multiscale transients

MESSENGER’s first flyby (M1)

+ Overview of scaling regimes

+ Multiscale transients and ULF activity

+ Turbulent portrait of boundary layers

+ Dominance of kinetic cascade in M1 (and M2)

Conclusions and future tasks
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Turbulence: why should we care ?
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Reasons to study turbulence

• Quantum gravity
• Understanding the nucleus
• Fusion energy
• Climate change
• Turbulence
• Glassy materials
• High-temperature 

superconductivity
• Solar magnetism
• Complexity
• Consciousness

Millennium poll: 
10 great unsolved problems in physics Example: ULF waves near CA of M1

(January 14 2008 19:07:00 – 19:08:00)

Mission efficiency

Measurements of plasma parameters 
and regimes not accessible otherwise 

(this talk)
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Phenomenology of the turbulent spectrum

3D incompressible MHD
(Uritsky et al., PRE, 2010)

HOMOGENEOUS FLUID CASCADE 
(Kolmogorov, 1941)

INTERMITTENCY
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Phenomenology of the turbulent spectrum

Bale et al., PRL 2005; 
Schekochihin et al., Plasma 
Phys. Control. Fusion 2007

HOMOGENEOUS FLUID CASCADE 
(Kolmogorov, 1941)

PLASMA EFFECTS 
AT SMALL SCALES
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Examples of plasma turbulence near Earth
Magnetosheath

(Yordanova et al., PRL 2008)

Magnetotail 
(Eastwood et al., PRL 2009)

Solar wind
(Sahraoui et al., PRL 2009)
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MESSENGER’s flybys: the problem of 
nonstationarity

(Anderson et al., Science 2008;  Slavin et al., Science 2008)

(Slavin et al., GRL 2009)
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Higher order structure functions
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Time-dependent structure function exponents
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Time-dependent structure function exponents

Compressional waves in 
the foreshock 

(Omidi et al., JGR 2005)
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Time-dependent structure function exponents

Slavin et al., Science 2008

Boardsen et al., GRL 2009
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Time-dependent structure function exponents

Slavin et al., Science 2008
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Scaling regimes and boundary crossings

Second-order SF scalogram
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Solar wind / foreshock

Second-order SF
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Magnetosheath

Second-order SF
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Magnetosphere

Second-order SF Fourier power spectra
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Kinetic turbulence at Mercury: M1 & M2

Finite Larmor radius effects / kinetic regimes: Glassmeier and Espley, 2006; 
Delcourt et al. 2007; Blomberg et al., 2007; Travnicek et al., 2009, and others.

Red color = kinetic scaling
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Conclusions
(1) Turbulent conditions in the solar wind during the studied flyby were close to 
standard, with well-developed MHD and Hall MHD / kinetic components.

(2) Mercury possesses an extended foreshock system with well-developed 
macrostructure presumably populated by magnetosonic waves and ULF plasma 
modes generated by field-aligned ion beams (see e.g. Fairfield, 1991; Omidi et al., 
2006). 

(3) The magnetosheath turbulence is dominated by intermittent Hall MHD 
fluctuations consistent with similar observations at Earth (Yordanova et al., 2009). 
Flux transfer events can be a source of enhanced low-frequency turbulence in this 
plasma region.

(4) The outbound magnetopause and the adjacent ion boundary layer have 
nearly identical turbulent properties and may therefore be parts of the same plasma 
formation (“double magnetopause”, Slavin et al 2008). The presence of sodium ions 
is possible, according to SF scalogram measurements.

(5) Overall, our analysis provides rigorous observational proof that turbulence at 
Mercury is strongly affected by finite gyroradius effects, with MHD energy cascade 
playing secondary or no part in most of the regions inside the magnetosphere.
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Appendix 1: MHD turbulence in DD1 by analogy with geotail

Simulation of 3D reconnection
(Birn et al., ApJ 2009)

THEMIS observation of BBFs

Turbulence in the flow braking region 
(Uritsky et al., EOS Suppl. 2010)
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Appendix 2: sodium ions at the outbound MP ?

Second-order SF
Fourier power spectra


