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Radial evolution of Alfvén wave Parametric Decay Instability in the expanding

near-sun solar wind: Role of Temperature Anisotropy
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Understanding the heating of the solar corona and the acceleration of the solar wind remains a central problem in solar
physics. In the Alfvénic turbulence framework, nonlinear interactions among Alfvén waves generate turbulence and convert
wave energy into heat, explaining coronal heating and solar wind acceleration. However, reduced MHD simulations that ex-
clude compressive modes have sometimes failed to reproduce sufficient heating [e.g., Perez and Chandran 2013], motivating
interest in the parametric decay instability (PDI) as a complementary mechanism [Shoda et al. 2018, 2019]. PDI causes a
large-amplitude, circularly polarized Alfvén wave to decay into a backward Alfvén wave and a slow magnetoacoustic wave,
thereby promoting turbulence and generating density fluctuations. Although some observational evidence of PDI has been
reported [e.g., Bowen et al. 2018], the influence of temperature anisotropy on its growth rate and radial evolution is not
investigated in detail. We compare the radial dependence of the maximum growth rate from 1.1 to 30 Rs (solar radii) using
two dispersion relations: the classical isotropic MHD form [Goldstein 1978; Derby 1978] and an anisotropic MHD (CGL
equations) that explicitly includes temperature anisotropy [Tenerani et al. 2017]. We prescribe radial profiles of plasma
beta (beta), the normalized parent-wave transverse amplitude, and the anisotropy ratio, and we consider two expansion sce-
narios: (i) adiabatic expansion and (ii) an observation-based expansion. In the adiabatic case, the isotropic model yields a
growth rate that increases with heliocentric distance, whereas the anisotropic model shows a decrease with distance. Un-
der observation-based conditions, the anisotropic model tends to yield larger growth rates than the isotropic model due to
perpendicular-temperature-dominated anisotropy; moreover, in both models, the growth rate peaks near R = 3Rs and then
suppresses rapidly. In the case with a squared normalized parent-wave amplitude of 0.01 at the corona, a difference of ap-
proximately 0.05 w_0 between the anisotropic and isotropic models’ maximum growth rates was observed from 3 to 8 Rs.
These behaviors depart from isotropic predictions and demonstrate that temperature anisotropy strongly modulates PDI ef-
fectiveness. These results underscore the need for theoretical models that include anisotropy to advance our understanding
of how PDI contributes to the generation of density fluctuation and turbulent heating. Combined with recent multi-spacecraft
observations, our findings offer new guidance for identifying PDI in situ and refining physics-based models of solar wind
formation.
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