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Fast magnetic reconnection onset for different equilibrium
configurations: from analytical results to 3D simulations
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We investigate the onset of fast magnetic reconnection starting from equilibrium configurations relevant
for astrophysical as well as for laboratory plasmas, that differ from the simple Harris current sheet
configuration. In particular we present an analytical as well as a numerical study of the linear instability for
equilibrium magnetic fields which go to zero at the boundary of the domain and of a double current sheet
system, the latter previously studied as a proxy for the m=1 kink mode in cylindrical plasma. We show how
the "ideal" tearing trigger condition is changed by assuming such different equilibrium profiles. Finally we
present results for incompressible 3D MHD simulations of a double current sheet, in triperiodic geometry.
We examine and contrast the destabilization and transition to turbulence describing the evolution of the
magnetic energy and dissipation, and possible application to heliospheric phenomena, in particular CME
evolution and relaxation.
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High-order leapfrog scheme of the Vlasov-Ampére system for the
electrostatic plasma

*Tsung-Che Tsai', Ling-Hsiao Lyu?, Wen-Chieh Hsieh?

1. National Center for High-performance Computing, National Applied Research Laboratories, 2. Graduate Institute of
Space Science, National Central University

The simulation result of Vlasov code has high signal-to-noise ratio, in comparison to PIC (particle-in-cell)
code. In the past, due to the scarcity of computing power, most researchers use PIC code as a tool toward
novel explorations and investigations. With the rapidly enhancement in computing power of
supercomputers, the high resource-demanding Vlasov simulation of potency has become wildly adoptable
and efficiently achievable. In this study, we adopt grid-base Eulerian solver, instead of the customary
semi-Lagrangian method, to solve Vlasov-Ampére equations for electrostatic plasma. We use three-step
high-order leapfrog scheme for the solutions of energy-conserving Vlasov-Ampere equations. We use
fifth-order central finite difference method to calculate the first derivative in Vlasov equation along the
real space. We use cubic spline method to calculate the first derivative and integration along velocity
space in the Vlasov equation and Ampére law without magnetic field, respectively. We use forth-order
leapfrog method for time stepping. Subsequently, we examine the correctness of grid-base Eulerian solver
in solving Vlasov-Ampeére equations for electrostatic plasma by linear Landau damping test.
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Evaluation of Numerical Properties of Constrained-Transport-Type
Schemes for Hybrid Simulations
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Numerical simulations of space and astrophysical plasmas need an accurate method for solving Maxwell's
equations. The divergence-free property of the magnetic field is the fundamental constraint in the system
that must be satisfied in a numerical solution because otherwise, the simulation will become unstable.
The Constrained-Transport (CT) scheme, which exactly preserves the discrete divergence-free property,
has been quite successful in numerical Magnetohydrodynamics (MHD). In recent years, the CT scheme for
Maxwell's equations has been ingeniously combined with an HLL-type (Harten-Lax-Van Leer) Riemann
solver for the hydrodynamics part in a consistent fashion. The scheme known as the HLL-UCT shows
excellent performance in numerical MHD as well as two-fluid plasma simulations.

It is straightforward to apply the same technique to kinetic Particle-in-Cell (PIC) type simulation method.
However, the numerical properties of the scheme as applied to kinetic simulations are not known very
well. In fact, artifacts arising from numerical noise inherent in the PIC method (which is absent in a
grid-based fluid code) should carefully be analyzed.

In this study, we apply the HLL-UCT scheme to a quasi-neutral plasma hybrid code in which ions are
treated as kinetic macroparticles whereas electrons are assumed to be a fluid. We found that naive
application of HLL-UCT to a hybrid code may lead to artificial heating and/or cooling of ions, presumably
because of excessive dissipation in the HLL-UCT scheme. We thus quantify the numerical artifact by
extensive numerical experiments with varying mesh size, the number of particles per cell, plasma beta,
etc. We found that the numerical heating/cooling may be explained by absorption (or dissipation) of
spontaneous emission of waves arising from a discrete particle effect. Practical workarounds to minimize
the numerical artifact for long time simulations will be discussed.
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Designing high-order finite difference scheme for
magnetohydrodynamics: shock capturing and divergence-free
conditions.
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Space and astrophysical plasmas are rich in dynamic phenomena such as convection, eruption, shock,
accretion, and so on. Their macroscopic dynamics is well described by magnetohydrodynamics (MHD).
Since the system of MHD equations are highly nonlinear, a numerical simulation is an indispensable tool
to reveal its complicated physics.

The plasma is frequently associated with supersonic flows such as the coronal mass ejection, supernova,
and jet, which yield various shocks and discontinuities. Furthermore, these flows are almost inviscid, thus
will become turbulent. Reliable MHD simulations need to resolve these phenomena simultaneously, which
is a contradictory issue for computational fluid dynamics and thus is challenging. Moreover, the MHD
simulation should carefully handle errors of the divergence for magnetic field, which is not necessarily
free in numerical simulations.

Many works have been devoted to develop exact or approximate Riemann solvers (upwind schemes) for
(M)HD to accurately capture shocks and discontinuities. Nowadays, such shock capturing schemes are
adopted as a standard method for MHD simulations (Kritsuk et al. 2011). On the other hand, various
high-order interpolation techniques are proposed to improve the resolution of small scale structure (e.g.,
turbulence), and they can be incorporated into shock capturing schemes.

Shock capturing schemes are based on the finite volume method, which automatically satisfies the
conservation laws but has a difficulty in achieving high order of accuracy in multi-dimension. The finite
difference method is rather convenient for designing multidimensional high-order scheme. Conservative
finite difference schemes have been proposed by approximating fluxes to high order, and succeeded in
high resolution MHD simulations (Jiang et al. 1999; Mignone et al. 2010).

We consider another type of the conservative finite difference scheme for MHD, which interpolates
physical variables to high order and utilize a variety of Riemann solvers to capture shocks. We also take
special care of the divergence-free condition for magnetic field. Combination of the upwind scheme and
the constrained transport (UCT) method, which satisfies divergence-free condition within machine
accuracy without violating upwind property (via Riemann solvers), is thought to be a powerful strategy
especially for low beta plasmas. We test various type of the UCT method. In this paper, we will present
details of our code design and its performance, especially focusing on the comparison among different
interpolation techniques, Riemann solvers, and UCT methods.
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Study of anisotropic electrons distributed around the wake of an
ionospheric sounding rocket by a 1D Vlasov-Poisson simulation
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EHESANO Y NIEHMBASTEABERECENT 5720, TORAICME (V414 2) ERENhZES
SARBEBBETRTS. O vy bV A 7HhTIE, D4 7FDOUHR AR 75 A ER
8, ZE— KAy A 7EREIMHEDEREH TT 27 AV RIHER I3 I & HYamamoto[PhD. thesis,
Tohoku University, 2001] IC& > THRESI N TW3. ZF®D#%, Endoetal. [JGR, 2015] Tl&, S-520-26 O
Ty NEBRTOTSATRBEANT—95L &1, ZOREBDE— RIEEROBER (BENWEFH1270
bOYEHRE (ESCH) , UHR E— RNiEE) THD EfEmINiz. ZORK;E, ARBRTEHAI MRV R
ZJ—E—NFOREIEEHIC, OT Y NROREVREAICKRULEBEZELZRL TV, ZOBERIE, REZE
BLTEAMEEO2EFIO Y NABDY A4 7 ICHIGLEEELFmEES5, TRICELTENRTIhOTS
ATREIDFIE - RRLTCWEZEETREBLTWS. LAL, VT4 7AACEVWTWLWHRIEESHFD TS
AIXDBEDE D BEBAHTHEEL TWENTDWTIEREZE SIS > TULARL,

ZITHRR, VA VEECSIID2EESHEBOZEMAFICOVTERT B8, —RITEBIHKEL
EBERBEOEANSESORBE /I XAV RNIACEEA2ER T Ia L — /a/J—F%ﬁ%bT
W3, BORAAO—RTEEEREL, ZEEFHIF-600A ,=Xs600A, (A : TNIR) &93. 2
T, ZEDT ) v RIBFAX=A,EF 5. HPOEZRESEIF-252 <X<25)\DL:§§7£3'%>. Fre, WFDEE
FHDRFE—RTOH%EE, EFOREZBEHEIZ-10V, =V =10V, (V,, : EFEEE) , 1T V0OFE
ERMERIE-15V, SV=15V,, (V,, 1 41 A VBEE) & LTBYIRD. EEEZEDS ) v RigER, @%@Av
=0.1Vy, A FVEAV=0.0025V, &F 5. ¥Ial—YavoORERTy AL, At=01w ' (w
SAVERY) ELTEHETS. 20D, SAREEREICHESLHODI —F U FRHIZ, E%%Et%?ta%s
1 (Eg= Apw ’m, /e m, : BFEE, e: BRRE) L7152, HEHTRIARRG, BF - 14V0T5V
7HEARVERERET 2RT7YV Vv ARAICRET 5. FELAERORKERREIEHERBIKCIPEXiao et
al., CPC, 1996], EFDLHICKTGL-BIHZDDMHIET7 — ) TE#H % FIFE L /=A% [Birdsall and Langton,
Taylor & Francis Group, 2008] TK® 3. X2l —>a v TEBIRININFOEELGEAR KR VOEIS DR
ZilE, ENODV A VHARDERDHEHET.

BEDHRETIE, 74 7BROTCHRIC, BREE & ICRBEMNMERT 2EBIRFNBEN, t=469At (F
M3AmMmIEY) T —SVEEIEOSNDE -0, FNLUBOEEIFIToTWAWL., LAL, RFETIEDAL
EEV A VR (FR#N0.4m) MEX TORESHBAROERIVEELEZITHY, BHIROZRITH
B, YA VRAOEEARDOEMEIOREKEZRFT L TVWS. EFOREIMEAMICEALTE, ;]
I— NDt<469AtDEHETEHENTHY, V1A VABITREIILFE—LEOEFEELHREAHA, V147
BRAGTIRE—DE—LBRSHREAHI,ELNTWVWS. BIEE VA4 74D SRAIICED > TERBIRENIC
Ho TREBMICENADEFICKE>T, T, BEBE VA 7HMUDPSRHRAISHENAL D ETHEFNERD
PBEZICLYRFINDZ I EICL>TRETWSR EEZIONS.
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Particle Simulations on Near-Spacecraft Plasma Perturbations in Polar
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Numerical Modeling of Plasma Wave Electric Field Effects on
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