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Full PIC simulations on plasma electromagnetic disturbance in the vicinity of spacecratft
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General relativistic simulations of magnetized binary neutron star merger on K
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Electromagnetic Vlasov simulations of magnetized plasma with a finite-volume multi-
moment advection scheme
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The Vlasov simulation, which directly discretizes the Vlasov equation on grid points in phase space, has been proposed as ¢
alternative method to the common Particle-In-Cell simulation, to improve the accuracy of kinetic plasma simulations. Although
the electrostatic Vlasov simulations have been successfully carried out thus far, the electromagnetic Vlasov simulation of mag
netized plasma is still limited, owing to numerical difficulty in solving the distribution function in velocity space.

To overcome the difficulty, we develop a new numerical scheme, specifically designed to solve the Vlasov equation in mag-
netized plasma. The scheme advances multiple piecewise moments of a physical profile based on their governing equations,
preserve the profile with high accuracy. The scheme allows us to perform a long-time calculation of the distribution function of
magnetized plasma with small numerical diffusion.

In this talk, we first present the scheme and its performance. Then, we report the application of the scheme to two-dimension:
(2D3V) electromagnetic Vlasov simulations. Long-time simulations of the linear wave propagation in magnetized plasma are
conducted with quite small numerical errors. We also conduct the simulation of collisionless magnetic reconnection. The sim-
ulation resolves macroscopic structure without numerical noise, and is in good agreement with previous studies. Furthermore
the simulation resolves microscopic structure of the non-Maxwellian plasma velocity distribution around the reconnection site,
e.g., acceleration by the reconnection electric field at the X-point, high energy beams around the boundary layer, and heating
the magnetic compression at the downstream. Since the simulations have been successfully carried out with the grid size mu
larger than the Debye length, the Vlasov simulation is a powerful technique to treat global-scale kinetic plasma phenomena.
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For investigating the global structures of plasma, such as the planetary magnetospheres, the Magnetohydrodynamic (MHL
equations are often used, in which full kinetics of plasma are neglected by taking the moments of the Vlasov equations. The
MHD equations are highly nonlinear and are very complex to solve by hand calculations. Thus computer simulations play es
sential roles in studies of global magnetosphere.

The numerical MHD code for the magnetosphere has been optimized for vector-type supercomputers for a long time becaus
the MHD code is a kind of fluid code and most of supercomputers with vector processors have high performance to solve the flui
codes in 1990’s. These codes often have achieved a very high computational efficiency (the ratio of the effective performance t
the theoretical performance). However, almost 100% of the "Top 500” supercomputer systems in the world adopt the massivel
parallel scalar type processors and more than 85% of systems consist of the x86 processor architecture in these days. The ot
scalar type computers are POWER and SPARC architectures. Recently the new coprocessor Xeon Phi which has many cores (°
cores) of X86 architecture is introduced to the supercomputer system and achieved good performance of the Linpack benchmat

In this study | evaluate the performance of MHD code for the planetary magnetosphere on the single Xeon Phi coprocessor. Fc
the performance evaluation, | use the three-dimensional domain decomposition method and a cache-hit type of three-dimensior
domain decomposition method with the flat MPI and hybrid MPI. As the results, | found that normal three-dimensional decom-
position of the MHD model with the hybrid MPI is suitable for Xeon Phi coprocessor and achieved computing performance
efficiency of “7%. Furthermore, | add the optimization to the MHD code based on the Xeon Phi architecture and obtained the
computing performance efficiency of almost 10% which is the double performance of FX10 single node.
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A Study of Fluid Element Tracing in Global MHD Simulations via Parallel Data Process-
ing on the NICT Science Cloud
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