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The magnetosphere-ionosphere coupling system, where auroras are generated, is characterized by the coupling of high
magnetic field weak ionized gas system and collisionless plasma system through magnetic field lines, and the plasma density
gradient, etc. occurs on a much smaller scale than in MHD, requiring first principles equations that can be applied to multiple
scales. In the space plasma physics research field, including auroral electron acceleration mechanism research, studies using
kinetic equations such as the Vlasov equation (collisionless Boltzmann equation), which follows the motion of 3-D plasma
particles with a 6-D state distribution function (e.g. [Shi. R. et al.,2018]), have become popular owing to advances in computer
technology. To reproduce the auroral electron acceleration mechanism in a magnetosphere-ionosphere coupling system,
collisional interactions between particles as well as three-dimensional wave-particle interactions are essential. However,
high-order numerical calculations of the collisional Boltzmann equation, first principles method for describing them, are not
realistic even with state-of-the-art supercomputers due to the huge computational cost.

Recently, advancements in quantum computer research have shown that quantum algorithms can provide exponential
speedups compared to classical algorithms (e.g., P. W. Shor, 1994). For the solution of advection-diffusion equations, the
superiority of quantum algorithms for Navier-Stokes equations has also been demonstrated (Budinski Lj., 2021). It shows
that by using a high-dimensional solution space treated as a quantum state, speedups can be expected and multiple types
of simulations can be performed without the need for additional quantum gates. At the same time, however, it also shows
that the algorithm can only handle relatively simple collisionless and uniform force field categories. We have developed a
quantum algorithm for the collisional Boltzmann-Maxwell equation and applied it to the magnetosphere-ionosphere coupling
system, thus unraveling all aspects of the auroral electron acceleration mechanism. In this presentation, We integrate the
Splitting algorithm (C.Z. Cheng and G. Knorr, 1976] of the classical Vlasov solution based on the framework of the quantum
algorithm for the Navier-Stokes equations (Budinski Lj., 2021) and optimize the collisionality term to obtain the collisional
An attempt to construct a quantum algorithm for the Boltzmann-Maxwell equations is discussed.
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