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A long-established challenge in the solar-wind
community is the so-called heating problem. It is
manifested by the fact that the solar wind’s proton
temperature decreases slowly as a function of the
radial distance from the Sun, in comparison to the
prediction of the adiabatic expansion model of the
solar wind (e.g., Marsch et al. 1982). While several
scenarios have been proposed to explain those
observations, the main candidate is certainly local
heating of the solar wind plasma via the turbulent
cascade (e.g., Matthaeus & Velli 2011). In this
picture, the energy that is injected at the largest
scales in the solar wind will cascade within the
inertial range until it reaches the dissipation scales,
where it is eventually converted into thermal heat of
the plasma particles (see, Kiyani et al. 2015). This
framework has led to several investigations to
estimate the energy cascade rate in the solar wind at
different scales and different heliocentric distances
using theoretical, numerical, and observational
strategies.

During this talk, we will discuss our recent
theoretical results using two particular compressible
models. Specifically, we have derived exact relations
for fully developed homogeneous isothermal and
polytropic magnetohydrodynamic (MHD) turbulence
(see, Andrés & Sahraoui, 2017; Simon & Sahraoui,
2021). Using the incompressible (Politano and
Pouquet et al., 1998) and the compressible exact
relations, we will present our observational results at
different heliocentric distances using the recent
NASA's mission Parker Solar Probe (Figure 1).
Finally, we will summarize and discuss the main
numerical and observational results and its
implications in the solar wind heating problem.
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Figure 1: Total compressible energy cascade rate (absolute values) in the solar wind MHD scales as a function of the incompressible ones in the case
of using an isothermal (AS) and polytropic (SS) model, respectively (left). Bivariant kernel density estimation for the mean (a and b) and fluctuating
(c and d) velocity and magnetic field absolute values as a function of the heliocentric distance (right).
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