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In-situ observations from solar and heliospheric space missions indicate that kinetic interactions are fundamental
in determining the small-scales plasma dynamics and the evolution of the turbulent cascade. In order to understand
how astrophysical turbulence operates, observational data need to be directly compared with theoretical models
and numerical data. We present a direct, quantitative comparison between specific observations of plasma turbu-
lence associated with a Kelvin-Helmholtz instability (KHI) on the Earth’s magnetopause from the Magnetospheric
Multiscale (MMS) mission and high-resolution numerical simulations performed ad-hoc with the hybrid (kinetic
ions, fluid electrons) code CAMELIA. Although the large-scale driver of the turbulent cascade is different (a KHI
event in observations and Alfvènic-like fluctuations in simulations), adjusting the three main plasma parameters
(the level of magnetic fluctuations, the ion and the electron betas) to the observed values is sufficient to recover an
unprecedented remarkable agreement of the spectral properties, both qualitative and quantitative. We reproduce
the same shape and level of the magnetic and electric fluctuations over two full decades in wavenumber, including
the scale of the spectral break between fluid and kinetic scales and the spectral indices in both ranges. Among other
things, our results confirm that: (i) the turbulent cascade organizes itself independently of the large-scale driver,
(ii) the ion beta controls the break and the slope of the magnetic field spectrum at sub-ion scales, while the electron
beta controls the level of the electric field spectrum at sub-ion scales, (iii) the hybrid model is comprehensive
enough to accurately characterize the turbulent cascade around ion scales and to model the transition between
the fluid and the kinetic regime. We also investigate the spectral properties of other fields and the intermittency
properties and discuss similarities and differences.


