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0. Old tales
1. Ton dynamics
2. Electron dynamics
3. Perspectives




U. Tokyo, STP (Solar Terrestrial Physics) group

"Super Terasawa Physics”  "Masahiro Hoshino Dynamics”

 We initially considered:
e Relativistic magnetic reconnection (SZ, Ph.D thesis 2006)
e Reconnection in rotating systems (Hoshino, Shirakawa, 2013-2015)




Relativistic reconnection: o

Particle-in-Cell (PIC) simulation J A

e Relativistic reconnection is a particle accelerator

e S7 & Hoshino 2001-2008 (5 papers; 440 citations)
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Selected topics on Relativistic
Particle-in-Cell Simulations

S. Zenitani (Kyoto U), T. N. Kato (NAQOJ), T. Umeda (Nagoya U)

: » |. Loading

— Loading velocity distributions by ran

-----------------------------------------------------------------------

dom variables

(Sobol 1976, Swisdak 2013, Zenitani 2015)
— Lorentz transformation for the spatial part (Zenitani 2015)

2. Computation

— EM field (Haber 1974, Vay 2013, lkeya & Matsumoto 2015) 5
— Particle (Vay 2008, Zenitani & Kato 2018b, Zenitani & Umeda 2018¢) :

: » 3. Diagnosis & Interpretation
i — Relativistic fluid decomposition (Zen

itani 2018q)
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Relativistic fluid mechanics is a nightmare...
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—> Fluid analysis in relativistic
reconnection (SZ 2018 PPCF)
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Masahiro-Hoshino Dynamics (MHD) is

very different from the standard MHD




Beyond MHD

Our recent results (5Z+ 2013,2016)




Magnetic reconnection in near-Earth space

magnetopause
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Burch+ 2016 Space Sci. Rev.




Magnetospheric Multiscale (MMS) mission

magnetopause

2015

2017~ Magnetotail reconnection region

(Results coming soon)
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Central engine of maghetic reconnection
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Ton Velocity Distribution Functions
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Nonlinear particle dynamics

e Poincaré map

 One way to categorize
particle orbits
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onetic field-lines

by T. Wadd (NAOJ)




Confined on a
hyper-surface
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by T. Wada (NAOJ)




Ton velocity distribution function (VDF)
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VDF & Poincaré map

Two choices from § free parameters (X, v, Vx, Vy, V;)
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Ton orbits in PIC simulation

8-shaped orbit
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First demonstration of
8-shaped orbit in PIC simulation




Electron VDFs in PIC simulation
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Electron VDFs vs electron orbits
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Do we really understand electron orbits?

lons Electrons
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Trajectory analysis in PIC simulations
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Trajectory analysis in PIC simulations
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Trajectory analysis in PIC simulations
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Trajectory analysis in PIC simulations
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Our simple solution

Hard drive
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Our simple solution
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PIC simulation & full Lagrange analysis

t= 35.2 » x10 © ° 2.5D
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2 x 107 particles

e 20,000,000 electron orbits
from 1250 snapshot data

e 3,000 orbits are inspected

with eyes




Electron Speiser VDFs in PIC simulation
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Electron reqular orbits
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Noncrossing electrons
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Noncrossing electrons
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Noncrossing regular orbits

( Trapped on flanks of
the midplane
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Noncrossing regular orbits

( Trapped on flanks of
the midplane
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Orbit theories

Noncrossing
Speiser orbit

: .
T <— (Speiser orbit)

A AU

A related theory
came out recently:
Tsai+ 2017

Zenitani & Nagai 2016




e Cold core is occupied by
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., Noncrossing electrons: Spatial distribution




1

Noncrossing electrons: majority in number
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State-of-art picture of electron orbits
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Summary

0. M.H.D.

— Particle acceleration and electron dynamics

e . lon dynamics
— Poincaré-map analysis has revealed figure-8 shaped orbits

e 2. Electron dynamics
— Full-Lagrange analysis has revealed many new electron orbits
— Noncrossing electrons: majority in number density

e 3. Future direction
— Better usage of PIC data: Orbits, particle mixing, and entropy...

e References
— Zenitani, Shinohara, Nagai, & Wada, Phys. Plasmas 20, 092120 (2013)
— Zenitani & Nagai, Phys. Plasmas 23, 102102 (2016)
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