Wave modes, k-spectra, phase coherence and intermittency in space plasmas turbulence: methods and Cluster observations
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Abstract
Magnetic turbulence is known to play a key role in the microphysical processes (e.g., energy dissipation, structure formation, particle acceleration and magnetic reconnection) occuring int the magnetosphere. Identifying the properties of turbulence has been therefore one of the major goals of the previous space missions. Over the past eight years, Cluster observations have made it possible to reveal very new and important 3D properties of the turbulence. I will review the main results obtained from the Cluster data on the nature of the ULF turbulence (wave mode? k-spectra? anisotropies? scaling?) observed in different regions of the magnetosphere using multi-spacecraft methods, such as k-filtering technique. Furthermore, I will show the limitations of the techniques based on power spectra in answering other fundamental questions of turbulence such as the actual nature of intermittency, its relationship with structure formation, and the existence or not of energy cascade in power law spectra.  I will then introduce the Surrogate data technique allowing oe to fill this gap by considering the information of the Fourier phases in turbulent signals. I will show the capabilities of this new method in detecting coherent structures and estimating their scales. I will show in particular the role of the Fourier phase in energy cascade and in creating intermittency.
