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In Short

• Investigate mode conversion in compressible MHD
turbulence, focusing on the parametric decay in-
stability (PDI).

• Develop robust diagnostics for mode decompo-
sition and quantify PDI’s contribution to energy
transfer among Alfvén, slow, and fast modes.

• Perform high-resolution 3D simulations across var-
ied plasma parameters and driving conditions.

Since the early identification of Alfv’en, slow, and fast
magnetosonic waves, significant strides have been
made in elucidating their interactions and their role
in shaping magnetohydrodynamic (MHD) turbulence.
Mode conversion, the process of energy transfer
between Alfv’enic and compressive (slow/fast) fluc-
tuations driven by linear inhomogeneity, nonlinear
interactions, and wave couplings, is considered a
critical pathway for the emergence of compressibility,
anisotropy, and intermittency in astrophysical plas-
mas. Within the MHD framework, fluctuations are
categorized into three eigenmodes, influenced by
plasma β, propagation angle, and background in-
homogeneity. Alfv’enic modes predominantly shear
the magnetic field with minimal compressibility, slow
modes exhibit field-aligned compressibility, and fast
modes display quasi-isotropic, strong compressibil-
ity. The interplay and efficiency of inter-mode energy
transfer define the turbulence cascade’s character-
istics, though the precise mechanisms governing
mode conversion remain elusive. A pivotal mecha-
nism proposed for mode conversion is the parametric
decay instability (PDI). Shi et al. (2017) advanced
this field through three-dimensional ideal MHD sim-
ulations, employing pump Alfv’en waves to induce
PDI in turbulent plasmas. Their findings confirm
PDI’s persistence across varying turbulence ampli-
tudes, generating slow waves with density fluctua-
tions matching their dispersion relation, thus offering
a potential explanation for slow waves observed in
the solar wind. However, this research focuses on
direct PDI growth via pump waves, differing from
the approach pursued here. This project aims to ex-
plore the fundamental physics of mode conversion
linked to PDI, adopting a novel strategy by exam-
ining PDI traces such as the exponential growth of

ρrms and backtracking their origins, rather than rely-
ing on pump wave induction. This investigation will
incorporate both local and global reference frames,
a distinction recently highlighted as critical due to
"Alfv’en leakage" where global projections misin-
terpret local Alfv’enic fluctuations as compressible
modes. We will conduct simulations with controlled
driving conditions—Alfv’enic, fast/slow, and mixed
forcing—across varied plasma parameters to delin-
eate regimes of efficient mode conversion tied to
PDI. Mode content will be diagnosed by projecting
fluctuations onto linear MHD eigenvectors, with sig-
natures evaluated in observables like compressive
and energy fractions. This approach promises a
comprehensive understanding of PDI-driven dynam-
ics in compressible turbulence, enhanced by the
local-global frame perspective (see Figure 1)
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http://www.unipotsdam.de/astroparticle/
plasmaastrophysik.html
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Figure 1: Figure 1. The concept of mode decomposition in
[?]: (1) By selecting a volume dΩ, a local mean magnetic field
direction λ̂ would then be defined for later decomposition. (2) All
the wavevector k that is contained in this volume dΩ are used for
the decomposition. (3) For each k there is a local reference frame
that decomposes the magnetic field into the three eigenmodes.
The change of the selected volume dΩ will lead to different mean
field vector λ̂. As a result, the local decomposition result would
be functions of both λ and the wavevector k.
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