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Large-amplitude Alfvén waves are ubiquitous in space and are believed to play an important role in the acceleration of
high-energy cosmic rays. Numerous particle acceleration models by large-amplitude plasma waves have been proposed. In
this study, we focus on coherent wave — particle interactions in developing turbulence under astrophysical conditions where
relaxation time is long enough. Previous studies have shown that in the low- o regime (0 <1), large-amplitude Alfvén waves
undergo parametric instability, decaying into a forward-propagating sound wave and a backward-propagating Alfvén wave.
Here, o denotes the magnetization parameter. Matsukiyo & Hada (2009) reported that efficient particle acceleration occurs
interacting with counter-propagating Alfvén waves. Furthermore, Isayama et al. (2023) revealed that when the amplitude
of the parent wave exceeds a threshold, a phase transition arises in the particle dynamics in phase space, leading to rapid
acceleration of particles regardless of their initial energy. This amplitude threshold depends solely on the wavenumber and
frequency of the parent wave. Such an acceleration mechanism is expected to operate in environments such as the vicinity
of magnetars. However, parametric instabilities of large-amplitude Alfvén waves in strong magnetic fields like those near
magnetars have not been thoroughly investigated. In this study, we conducted one-dimensional particle-in-cell simulations to
examine the parametric instabilities of a large-amplitude Alfvén wave in strong magnetic fields. By varying the magnetization
parameter and parent wave amplitude, we found that the nature of the decay instability qualitatively changes depending on
the parameters. In this presentation, we will report on the parameter dependence of this decay process.
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