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Magnetic turbulence in the solar wind has been studied for many years. Most of the observational work have been

focused on the large (MHD) scales, i.e. the so-called inertial range with a Kolmogorov scaling k-5/3 [e.g.,1,2]. The
inertial range is widely believed to form by strong nonlinear interaction of Alfvén waves. However, the anisotropy of
the turbulence (in wavenumber space) is still hotly debated [e.g., 3]. From single spacecraft data, inferring the
wavenumber spectra from the temporal measured ones onboard the satellite can be achieved only by using the Taylor
frozen-in assumption mgy,¢~k.Vy,. This means that all the phase speeds of the waves need to be smaller than the solar

wind speed V. While this assumption is generally valid at MHD scales (because the Alfvén speed VA <<V, it

breaks down at the sub-ion (and electron) scales where whistler modes may exit. Moreover, even when the Taylor
assumption is justified it can yield only one component of the wavenumber spectra: along the flow Vg, [4-6]. The two

other directions perpendicular to Vg, are thus missing unless additional assumptions, such as isotropy, are used.

Therefore multispacraft data and appropriate space-correlations methods are necessary in order to fully determine the
3D wavenumber spectra of space turbulence. This can be achieved by applying the k-filtering technique on the four
Cluster spacecraft data.

Cluster is an ESA mission launched in year 2000 and will be operational until 2014 [7]. There are 4 Cluster spacecraft,
each of them carrying identical plasma wave and particles instrumentation. The magnetic wave form is measured
continuously by the three-axis flux gate magnetometers (FGM instrument) up to several Hz and the three-axis search
coils (STAFF- SC instrument) up to ~200Hz in Burst mode (1.5 in normal mode). Thus magnetic waveform is
accessible from DC to ~200Hz with a redundancy around 1Hz.

The k-filtering technique (known also as the wave telescope) makes use of the full 12x12 correlation matrix of the
magnetic (and/or electric) field data (3 components x 4 satellites) to estimate the 4D spectral energy density P(w,k) of
the measured field fluctuations. By applying this technique to interplanetary magnetic field data, it has been possible to
accomplish real progress in understating turbulence, reconnection and wave-particle interaction in various regions in
space: magnetosheath [8-11], in the foreshock [12] in the cusp region [13], in the magnetotail [14], an in the solar wind
[15,16]. These applications have however revealed several technical problems that need to be fully considered and
understood in order to safely interpret spacecraft observations [17]. Here we will show results of application of the &-
filtering technique to MHD simulations data in the inertial range. Several questions will be addressed such as the role of
the Doppler shift in producing asymmetrical spectra in the wavenumber domain, and the role of the Cluster tetrahedron
geometrical factors in affecting the spatial anisotropy of the inferred wavenumber spectra. Comparison with real Cluster
data in the solar wind will also be performed.
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