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Spontaneous excitation of Alfven waves and their interactions with high-energy ions in a
magnetic mirror configuration
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IPlasma Research Center, Univ. of Tsukuba

In laboratory fusion plasmas, high-energy ions are produced with DD and DT fusion reactions and are also created with high
energy neutral beam injection and electromagnetic waves for plasma heating. Special emphasis is given to plasma waves excit
by such high-energy ions and their interactions with particles. For example, energetic alpha particles produced with DT fusior
process can interact resonantly with shear Alfven waves during slowing-down process, and excite plasma instabilities, that i
so-called Alfven eigenmodes (AEs). Recently, enhancement of energetic ion transport caused by these instabilities has be:
remarked on its deleterious effects. When a small fraction of alpha particles is transported to the first wall in burning plasma
devices, plasma facing materials can be damaged seriously. Many kinds of the experimental observations related to such way
particle interactions are reported. In this report, spontaneously excited waves in lon Cyclotron Range of Frequency (ICRF) an
their interactions with high-energy ions in a mirror magnetic field configuration are presented.

The ICRF waves are frequently used for the plasma heating in laboratory fusion devices with the mirror magnetic field con-
figuration. When the ICRF power and consequent wave energy levels are increased, it will become important to understand tk
detailed physics of wave-wave and wave-patrticle interactions. It is required to consider both linear and nonlinear processes fc
deposition of ICRF powers. In the ICRF heating experiments on the GAMMA 10 tandem mirror, the maximum ion temperature
in the perpendicular direction has reached 10 keV and the temperature anisotropy (which is defined as the temperature rat
of perpendicular to parallel to the magnetic field line) becomes more than 10 in the central cell. Alfven-ion- cyclotron (AIC)
waves are spontaneously excited owing to such the strong temperature anisotropy. The excitation of the AIC wave is one of th
common physical phenomena in space plasmas with an anisotropic velocity distribution. High energy ions, of which energy is
more than 50 keV, have been observed along the magnetic field line at the open end of the mirror magnetic field configuratior
The transport of high-energy ions along the magnetic field line owing to the loss processes other than the classical Coulom
scattering has been suggested. The existence of considerable energy transport along the magnetic field line owing to the Al
waves is discussed theoretically. The AIC waves in GAMMA 10, which has several discrete peaks in the frequency spectrum
are excited as eigenmodes. Their spatial structures are measured with a microwave reflectometer inside the plasma and magn
probes in the peripheral region. Low-frequency fluctuations around 0.1 MHz, which is a differential frequency between discrete
peaks of the AIC waves, are observed in the central cell. These fluctuations are also observed in the high-energy ion sign
detected by a semiconductor detector installed at the end for measuring ions along the magnetic field line. Pitch angle scatterir
in the velocity space owing to the spontaneously excited Alfven waves are indicated. The radial transport of high-energy ion:
owing to the low-frequency MHD instability has been observed, however, the transport across the magnetic field line owing to
the AIC waves has not yet been detected.

Observations of spontaneously excited waves in ICRF in the large tokamak experiments are also reported as lon Cyclotro
Emissions (ICE). The fluctuations in ICRF are driven by the presence of non-thermal ion distribution in magnetically confined
plasmas and plasmas with the strong anisotropy. Waves owing to fusion proddtie eihd T ions are clearly detected in
D-plasma and alpha patrticles in DT-plasma experiments.
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Nonlinear wave particle interaction of electromagnetic ion cyclotron wave

FNEG B T R B 2
SHOJI, Masafunii ; OMURA, Yoshihard
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1Solar-Terrestrial Environment Laboratory, Nagoya UniveréiBesearch Institute for Sustainable Humanosphere, Kyoto Uni-
versity

Spacecraft observations and simulations show generation of coherent electromagnetic ion cyclotron (EMIC) triggered emis
sions with rising-tone frequencies. In the inner magnetosphere, the spontaneously triggered EMIC waves are generated by tl
energetic protons with large temperature anisotropy. We reproduced EMIC triggered emissions in the Earth’'s magnetosphel
by real scale hybrid simulations with cylindrical magnetic geometry. We perform parametric analyses of electromagnetic ion
cyclotron (EMIC) triggered emissions on the gradient of the non-uniform ambient magnetic field using a hybrid simulation. Ac-
cording to nonlinear wave growth theory, as the gradient of the ambient magnetic field becomes larger, the theoretical threshol
of the wave amplitude becomes larger although the optimum wave amplitude for nonlinear wave growth does not change. Wit
a larger magnetic field gradient, we obtain coherent rising tone spectra because the triggering process of the EMIC triggere
emission takes place only under the limited condition of the wave amplitude. On the other hand, with a smaller magnetic field
gradient, triggering of the emissions can be caused with various wave amplitudes, and then the sub-packets are generated
various locations at the same time. The concurrent triggerings of emissions result in incoherent waves, observed as “broadban
EMIC bursts. Broadband emissions induce rapid precipitation of the energetic protons into the loss cone since the scattering k
the concurrent triggering takes place faster than that of the coherent emissions. The coherent triggered emission causes effici
proton acceleration around the equator because of the stable particle trapping by the coherent rising tone emission.

Keywords: triggered emission, electromagnetic ion cyclotron wave, wave particle interaction, acceleration, scattering
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Solar energetic particle spectrum at the Sun and the Earth
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Coupling between ULF waves and high-energy particles in the inner geomagnetospher
based on a drift-kinetic simulation
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!Solar-Terrestrial Environment Laboratory, Nagoya UnivergiGraduate School of Science, University of TokyGraduate
School of Science, Nagoya UniversifyGraduate School of Science, Chiba Universifgesearch Institute for Sustainable Hu-
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Understanding of acceleration mechanisms of electrons to cause drastic variation of the Earth’s outer radiation belt is one c
outstanding issues of the geospace researches. While the radial diffusion of the electrons driven by ULF waves has been cons
ered as one of the candidate mechanisms, efficiency of the mechanism under realistic ULF characteristics and distribution is f
from understood. GEMSIS (Geospace Environment Modeling System for Integrated Studies) of STEL, Nagoya University, is the
observation-based modeling project for understanding energy and mass transportation from the Sun to the Earth in the geospe
environment. The GEMSIS-Magnetosphere working team has developed a new physics-based model for the global dynamic
of the ring current (GEMSIS-RC model). The GEMSIS-RC model is a self-consistent and kinetic numerical simulation code
solving the five-dimensional collisionless drift-kinetic equation for the ring-current ions in the inner-magnetosphere coupled
with Maxwell equations. In contrast to previous ring current models assuming a force-balanced equilibrium, the new model
allows the force-imbalance to exist, which generates induced electric field through the polarization current. The most prominen
advantage of the new model is the capability of describing fast time scale phenomena such as injections during substorms ai
MHD-time scale (ULF) waves.

We applied the GEMSIS-RC model for simulation of global distribution of ULF waves. Comparison between runs with/without
ring current ions show that the existence of hot ring current ions can deform and amplify the original sinusoidal waveforms. The
deformation causes the energy cascade to higher frequency range (Pc4 and Pc3 ranges). The cascade is more pronounced ir
high beta case. It is also shown that the existence of plasmapause strengthens ULFs outside the plasmapause and widens
MLT region where the B (toroidal) component is excited from initially-givenhi (poloidal) component. We also report the
basic characteristics of the ring current driven ULF waves and its effects on the electron transport in the inner magnetosphere.

F—U—F: FUT MEEELE, V2 7 AL 2 b, R, MHD ), NERAE, R T RS
Keywords: drift-kinetic approximation, ring current, radiation belt, MHD wave, inner magnetosphere, drift resonance
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Radiation spectra from relativistic electrons moving in a Langmuir turbulence
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Fine Spectral Structures and Their Generation Mechanisms for Solar Radio Bursts Ob

served by AMATERAS
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JERAIIRL TNV E Ntk FFETE ORNERE, B OBKGHERE, (EHOERE TERZZ I TSR I HN—=Z F D AR
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Co-evolution of upstream waves and accelerated particles around parallel shocks
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We have investigated the co-evolution of upstream waves and the accelerated particles around the parallel shock. Hybr
particle simulations are performed in the exactly parallel shock configuration with Mach number of “10. The upstream waves
convecting into the shock surface contribute the particles acceleration as reported in Sugiyama et al. (2001). The appropria
wave-length exists for the particle energization, that is, the longer wave-length wave leads the higher energy particles. Simul
taneously, the higher energized particles excite the longer wave-length waves in the upstream region. Here we report that tt
higher energy particles and longer wave-length waves are observed as the time elapses later in the simulation runs. Therefo
the present process is "co-evolution” of the upstream waves and accelerated particles.

F—T— B MEEZE R, Rk, R A R

Keywords: collisionless shock, particle acceleration, wave-particle interaction
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Colliding Two Oblique Shocks: Shock Structures and Particle Acceleration
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[H. Hietala et al., 2011] &% [l 2% 1 52 35 0N KRG R v B2 2 ki) 2 & EAVBIIIE N TV 5 [J. Y. Lu et al., 1999] C
NHEOBHGITBW T, HEEEHEEDZLORFONHE « IEE & OYELEFEIE AR TH 2,

EER A O ZSEfE 2 e L7z 7o A EHEGIEESEER & LU Tid, RN 7Y v FEIRIC K 561585 D [Cargill
etal., 1986] Hilif S E S A L O@EZIC BN TIRNAR T (14 ) IEME T 5 2 EARE SN T2, LM LAY
5, —fICNA TV w REHRETRBETFXA T 27 ARz, hiOFANEERRIC BB w2y 5 2 % nlHert
DH B, EIEHTEOE RO I 7 afhEE TIRE L EEI MR,

F T T, AZETIE. 1 0T Full-Particle-in-Cells 2 2. L—3 3 YR W T DO EG O « Fosmfe s e %,
R, BRI ORIV TRD 3 HOFERICEHT %,

1.¥I2b—yaryTl, #ELDDH S 2 DOMDER K TET IV F—EFHmEE N, chbldk, =
DO KX 5 KPR DR UTRIERICIE (7 o)V Imd) SN THBO . PhndEh 7 O—iBid, EEimIenEiciy
i & N B WSE I DRI K > TESIEEI NG T ehah >l

2. BZEENC BN T, BRICRAH LIcE FIC K > TRIRIEEEIDEE S NS T o> Tc, T OB ORI, ki
FOIEIEPE R ME N DB 20T 5,

3. EERPEE IS D PRI T O 7 T X< ORI DEETA T2 (MHD) IC X D3RO ENBHEK D RN T LA
Motee ZOFRKE LTREEZRINVF—DEFD LRICHH LD THSLEZ LN, o, MKTRIAIIZTRD
5N BEFE OB R OYFiE HEOKE S, EREOHZ etc) L PICY I 2 L— 3 VOB EDIEZITV, &
BRI OB 2 T 5.
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Particle acceleration in high Mach number quasi-parallel shocks

hngg EZ
KATO, Tsunehikd*

VIRERY:

'Hiroshima University

We study particle acceleration process of electrons and protons in high Mach numl@&0jMjuasi-parallel collisionless
shocks by particle-in-cell (PIC) simulation. We found that a fraction of protons which consist of the plasma are injected into
acceleration mechanisms and efficiently accelerated around the shock. The energy spectrum of the accelerated protons becot
power-law like distribution. A part of electrons are also accelerated around the shock although they are roughly two orders o
magnitude fewer than the accelerated protons. For both protons and electrons, the acceleration processes are often not diffus
and their time-scales are even shorter than the respective gyration times. We also found that protons reflected at the sho
generate circularly polarized Alfven waves with very large amplitude in the upstream region of the shock and that, because o
the strong perpendicular magnetic field of these waves, the structure of the collisionless shock itself is in fact similar to that of
quasi-perpendicular shocks.

F—T— R RFIE, 75 X<, MEEZem i)y
Keywords: particle acceleration, plasma, collisionless shocks
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Particle simulations on electron acceleration at Quasi-Perpendicular Shocks
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SHINOHARA, lku'* ; FUJIMOTO, Masaki ; NAKAMURA, Takuma?

Vo ATZE TS B S ERRAS T RIERE ST, 2 1 AT D AN ST
Linstitute of Space and Astronautical Science / Japan Aerospace Exploration Adevgplamos National Laboratory

We found efficient production of non-thermal electrons upy4e20 in results of three-dimensional full kinetic simulations

of quasi-perpendicular shocks. The seed acceleration occurs in large-amplitude electromagnetic wave excited in the most fro
region of the shock foot. A small portion of electrons keeps staying in the foot region due to the scattering by the large-amplitude
electromagnetic wave, and these electrons can get energy from the motional electric field in the shock rest frame. Since th
large-amplitude electromagnetic wave is only possible in 3-D simulations, no electron acceleration is observed in previous 1-L
and 2-D simulations. After the seed acceleration, these electrons can be further accelerated at the shock lamp region by t
shock drift acceleration. The acceleration process occurs during the steepen phase of the self-reformation, and the accelerati
efficiency depends on the phase of the shock self-reformation. In contrast to the standard Fermi acceleration at quasi-parall
shocks, the electron acceleration process at quasi-perpendicular shocks is much quicker (order of the ion cyclotron period
however, electrons cannot experience effective acceleration again and again so that there would be an energy limitation of tf
acceleration. In this presentation, we will discuss the energy limit of electron acceleration at quasi-perpendicular shocks by usin
simulation results obtained from the K computer.

F—U— R EERIE, R R a b= a3y
Keywords: shock acceleration, particle simulation
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The fast acceleration of particles scattered by MHD wave in parallel shock

RIAR BR 1) KBy 2240 2 ; 2y Hhl, 2
MURAKI, Koudai'* ; AMANO, Takanobd ; HOSHINO, Masahird
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R FHAROEIF I IR RN ORI BRI E RN TH S L EZA SN TED ., ZOEKICET 2BHEHRE LT—X 7
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T LT EMERTHY, BHEREOLER L WS B S NTR O T/ TR 2 % < i3 L < B8l
FEHIATE RV, T ORIEOMERO I ZhmEE U <X X 0 3RS hndiiEn ko 55,

EERHHEO M I HELEED BB ER A S BEOWZE TR EY T VD X 5 R EUEEELE 7V O/,
GERLIC X B HELDEUEY R 2 L—r a VIS > TR b THIz, 795 LB A O TE B & 5T 5 HE
BB ORI ET (MHD ) I S NIZRi FOIEMEH SN TV S, R TOEMICB WV TIE. MHD
SIS R LT3R (Kuramitsu& Hada, 2000 1 X > Tlafahi F-ORIRMIC KA ERELE NS T WV RE Nz, F
I T 55 C D L — )% = O KIRIE MHD 32 FIIH U 7z 8ELiEfE (Sugiyama et al., 2001 1%, RV 7 b hm#EICAE S &
PRI FEAGERE ] 2k W T o)V S IEO e Z R T %, ARITZETIE. TNE TOMREREI S, P11
BTN D MHD SLIR7Z BELA & 5 2 T O E R IEO rTREME 2 RS, 7 X MR 2175 T & T, MBI RE
B —L 2 A fio oGl KIRIER B 72 5 A T B nsic DWW T & &9 %o

F—T— FoRFhsE, TR, ERI, 7V TNV, ae— LA, KiRiE
Keywords: acceleration of particles, cosmic ray, shock, Alfven wave, coherence, large amplitude
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On statistics of a plasma in a nonuniform flow

I % 1
HADA, Tohru'*
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Keywords: Fermi acceleration, Nonequilibrium distribution

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

PEM29-13 243:503 FFRd:4 A 30 H 14:15-14:30

AN O VORI E E— R, 75 A hEuEfio> I 2 L— 3 >
Helicon wave propagation, mode conversion, and plasma heating

AL BT LTI A Bk BRI
ISAYAMA, Shogo'* ; HADA, Tohru! ; TANIKAWA, Takao? ; SHINOHARA, Shunijird

PIUNREAREE LAY, 2 SO ARSERR A RARAN I, ® BGUR TRAREER LAk
!Graduate School of Engineering Sciences, Kyushu Univef&tgsearch Institute of Science and Technology Tokai University,
3Tokyo University of Agriculture and Technology, Institute of Engineering

ANV AV T ITARE, T Vin EORMEN AICERBE TH BN VP (HRERNS 2550581 A5 —) %
i U THERT 2T ITARTH S, BENTENRICKER, SEEOTIAIZERTEL S, TIAITHEARE
FEHEEREER 72 & JRVWEIPICOICHD AR SN T WS, —/5 T, ISR E 75 X< B RBERSIC DWW T 7R 2 P
RDRDENT NS, N AV TFTARERD TR AN AL E LTI, N I VSO EEIR, H2e - Mz X
37T A O, R OERE - S ZEE L0 BIRORRBEENE T 5N 5,

AFERTENY OV T 5 AERZERET 5 L TOYHERE E LT, N OV EBOERE E— A, 7o X<
BUBRIC DWW Cakand %o Shamrai (1996 1< KU, NV I IR H#HERZIE TH % Trivelpiece-Gould (TGYENFIE
E—REHL, T—FEMICK>TEUE TGHEMME L., SIRICE 72T 5, UL UHEERIZ, T— FAESR)
TG IHDRNERIEHORDO K E ZIHEIKET %, TT TR, ik Ial—yary, PICYIal—yaryEHVT,
E— REHGHR, WERE. WE-RiAHEEHIC K 2 75 A OV TH#RT %o Flo. ANY I VO R 7 ik
B, HEEOFEEICHITF RN FTO T T AT EEAREZRI-LS 52 L 2R,

F—TI—R: A\ AVT T, NY AV, TG (Trivelpiece-Gould #, E— RA¥L, PICY T2 l—Y a3V
Keywords: Helicon plasma, Helicon wave, TG(Trivelpiece-Gould) wave, Mode conversion, PIC simulation

1/1



Japan Geoscience Union Meeting 2014 /0 <9 ’

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’{;‘sgiem

Union

PEM?29-14 243:503 FFRd:4 A 30 H 14:30-14:45

A \ﬁ/iuc_ KBTI D NSV RV« Y OB GREX L RIRT 1

Hamilton-Jacobi equation based on exterior derivative

R [ 1
NAKAMURA, Tadas™*

VRN R A

LFukui Prefectural University

BRSO WIA TR & OZE RN RIS O A S5O 11543, Ehd, Rz 8T A—2—t L, GzHEHEED )]
Eﬁaﬁ&bf%ﬁéﬂ5oLhﬁﬁ@@®a$ﬁ%%ﬁﬁ®M%%@%LﬁMmﬁ%@ﬁﬁﬁﬁﬁfﬁéﬁ E
B EDGE. HAREDR TORMEIER ST A—2—L LTS 720, #HFERNED OO TR RN Ea—1L >
/Eﬁﬁb‘?’@bﬂé&b")ﬁi'ﬁb‘%% iz, TOT7TO—FTld, BHEEELTF =505y —Y HHEICH
JIGUTEBOBEHEMEZ 572, AL OMHEMZEN LR NEREAEXOHDE DR E>TLES W
SMEEH S, TDles, BWHOFEMRGRI 77—y r—ykEou— L 2y EEsEic Lizyr —YERT %
M HBVET 1Ty IO K S MR T 7 =y ViS5 iR E LT T OMERRT T\ 5,

HIEIDYE2T, Cartanic & > TRERIE NI IERX DT L 2> T, K & 220 EFD/8T XA—2—L LTHL,
RIS T — L Y RES It J122 e SR 4 2 JT1EIC DV T Lz, COTFEICEK D, F—VREEREZLELTE
P T — VGO 12 RERTE D L WO RIS H 5, SRNEZFDNIV Y - Ya FEXAN\DIGH &, Wik
EANDMF AT RETEIC DWW TR S 5,

NIV - YA EREENT 2 OBREORBKICTTL %, HEOEMEOZVDIT DL LRWECEFILL
WA R=INHEN (ZLTZNIZDHEEELWAY), HILPED 58T T1HAD

gL & UTHEREK®RZED, X, MEmTNAKE LT, FEEOICHRREICIENETE, B2 RORAR
BRI IZABBER T H %o AW TIEIMTIERZAAE > Te T 12 DIEH E L TNV R Y - Y a e s 28 Lz,

£S5V EDDEEE LT, WilBlDO PR THE LINRIZBRAUENDIGH TH > 7203, hOEHANDISHATEENEE &
%o FXRRINETRIAD RN 1122 R BN DN TUIREIC W S DDA D > T2, m—L >y EgthiciE N H - 7z, F
FTIIARNGL DN 1N TFIEZ A IS 2 ATREEIC DWW T S i&amd 5. Kambe (2010)c KHuU, wiAJ12#0
Eular SRR E @SRRI LICK > Ty 7 AT )V E A URICERTE S, ThZzISH LT, #iikl
DFRNT 12272 KR T Z B HEMEN B % o

ZESHR

ATE, PtEREZE, 2003 (http://hdl.handle.net/2433/97295

T. Kambe 2010, Fluid Dyn. Res.

Y. Kaminaga, Electronic Journal of Theoretical Physics, 2012
(http://lwww.ejtp.com/ejtpv9i26)

F—T— R WEDTER, KT 127, NSOV R Y - Y a v R, ik

Keywords: exterior derivative, analytical mechanics, Hamilton-Jacobi Equation, fluid dynamics
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SR E KR e I s 5 AMATERAS THEHITE N7PEmEURRAE I Type-1V /83— X
L & F DL RS

Study of the slowly drifting narrowband structure in type-1V solar radio bursts observed
by AMATERAS

IO HEN T A —IE 2 PEA fAdR L R AR L SR I 3 )R skl 3 /N e !
KATOH, Yuto'* ; IWAI, Kazumasd ; NISHIMURA, Yukio! ; KUMAMOTO, Atsushit ; MISAWA, Hiroaki3 ; TSUCHIYA,
Fuminori ; ONO, Takayuki

VLR ZARABE B A SRR B A8 K, 2 [N R SR B LR R S AR, 2 AR AR AR B A SR R a2
TR« R&set v 2 —

!Department of Geophysics, Graduate School of Science, Tohoku Univéidipeyama Solar Radio Observatory, National
Astronomical Observatory of JapaiPlanetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku
University

We show the type-1V burst event observed by AMATERAS on June 7, 2011, and reveal that the main component of the burs
was emitted from the plasmoid eruption identified by the EUV images of SDO. The slowly drifting narrowband structure (SDNS)
appear in the spectra of the burst. By a statistical analysis, we reveal that SDNS appeared with the duration of tens to hundre
of millisecond and with the typical bandwidth of 3 MHz. For the generation mechanism of SDNS, we propose the wave-
wave coupling between Langmuir waves and whistler-mode chorus emissions generated in a post-flare loop, inferred from th
similarities of the plasma environments between a post-flare loop and the equatorial region of the Earth’s inner magnetospher
We assume that a chorus element with a rising tone is generated at the loop-top of a post-flare loop. By referring to the propagatic
properties of chorus in the magnetosphere, we assume that the chorus element propagates downward along the magnetic fi
line and then propagates away from the central region of the flare-loop toward the outer edge of the loop where the plasm
density is relatively small. By the magnetic field and plasma density models, we quantitatively estimate the expected duratiol
of radio emissions generated through the coupling between Langmuir waves and chorus during its propagation in the post-flai
loop and find that the observation properties of duration and bandwidth of SDNS are consistently explained by the propose
generation mechanism. The characteristics of SDNS are its intermittency in time and the negative frequency drift in the limited
frequency band. While observation in the terrestrial magnetosphere shows that chorus is a group of large amplitude wav
elements naturally generated intermittently, the mechanism proposed in the present study can explain both intermittency ar
slowly drifting narrowband structure in the observed spectra.

P — o KB, 710, WKL T L
Keywords: solar radio burst, solar corona, wave-particle interaction
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ERAE L — Y — BRI 351 2 AN AR IC & B 5 TP s DBt
Numerical simulation of magnetic field generation by relativistic effect in high intensity

laser experiments

JUTT e 15 T
KAWAZURA, Yohei'* ; YOSHIDA, Zenshd

VR URSERT EURI R A TSR

!Graduate School of Frontier Sciences, The University of Tokyo

BUHETFHICTET 25 >E ORIRIE R X Lk Th 5. TRIATRIC B 2 75 X< TR IE 12 LA L, IE
HEHEHN R D curlic X > THIESI NS . BANRREIC B W TR AL AR T 2 72 DI 5 DIEFEL M O %2 LIz HHH
WAEL L 75 % JEHIERINEEAR 75 X BV TIRZ R R U 5 2 IE5ERTHIG B P AR EIERIRY Tx Vo DR TH 5. Th
I3 Biermann® Battery#isk & L THIGN TS, L LE 2RI RN RIC K B i B BT IS IRRE TR & 7l
ZFRFCIR VT2 DHIIAFH 72 £ T, EERERIC X 2 ERIE N E W E FRENS. UK L Tl Mahajan and Yoshida
IC Ko TIREB S NIAERFRIFRIC K B ERK [1] EBCPEIGE TERERMEZFFOT LN TE 720, FH OMUSE
OB IIREHICIZ D D TRV EEZ BN TV [2]. xRN 7S A Tld 2 DDOMERIE Sr=y "1 VTIx Vo &
Sp=T Vy “Ix VoWFEET B8, BEHIES TV 0=V OTH->TH, Vy ~Ix VO LW IERIE (FEmrE
HERR) 2RO N TES.

T D& D ITHERINIC TIHITE N7 AR U R R 72 FEBRINICHREE S 5 C LB L SN 5. ok D mssfE L — Y — 28R
TIEHXERINEF TS A 2L L, £722 0D & EICAE U 5O GG RREMTbN TV A 728 [3], L—H—%ER
ICBWTHMERIETE R Z BT % 2 &N TE 2 IR T X 5. RUZE TN 72 X< OIFEEBER R Z 110,
L—P'—3ZERIC K 2 MR I OMEENDIE S 2175 .

TNE TOFERER TIESE R [3] 1T 475735 A — 2 TR ERAE R RIS B 2RISR O 10770 1
BRETHD, HEMEEIREOBHIZH#H Lo e Vb o Te. £l I XA DRERE FREE 2D, AFVEESIAr—)V
YA XM FEE BT LI K> THNGRIETERNIROLLERE 5 MW TES (X). IEZERTH % & ARERIEER)
RIFBSPANEENRE O KA —INcBN TR RS T b o T,

[1] S. M. Mahajan and Z. Yoshida, Phys. Rev. Lett. 105, 095005 (2010).
[2] S. M. Mahajan and Z. Yoshida, Phys. Plasmas 18, 055701 (2011).
[3] S. Mondal et al., PNAS 109, 8011 (2012).

F—T— R GRS A=, @R L — 9 — 328, WA
Keywords: relativistic plasma, high intensity laser experiment, magnetic field generation
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FHIRRAS B & PR R _ .
The acceleration rate of cosmic rays in the cosmic ray modified shocks

TR EE o By Hal L Ky L
SAITO, Tatsuhikd* ; HOSHINO, Masahirb ; AMANO, Takanobd

VRO ORI AR ST R RS R A I
LEPS, The University of Tokyo

FRTRANTHLE « R E N TV 2T FHINE, HRN Tl X 28 2@ IR 2 H5Rik 72 2 Ol LTw»
%, ZTDhEA /1= X L\Z Diffusive Shock Acceleration (DSA [Blandford & Ostriker, 1978; Bell, 1978t L THIS 1
TWABH, ZTIKZZ < DHEERIREDFIET %o ZD—DIC THILER T (FHR) OKIMERARIER DID AhsNnT
WEWENETBEND, THUTDWTIE Drury & Volk (1981)1C & » TFEFDENZN LT RVERIRETIVHMER X
NTW3, TOETIVIIERT TR EFHERZIIOHRKE LTS 720 NR2RETIV] LIS, iz, FHRO
RAEFRZ32), Mtz KE LT ST ER L TP adE R | N TED . SEFEOBIID 5 Z DIFEN /R
INTW3,

5. FEERNHEIC K 5 FHEOEMFNRICBE L TR, IEFICENRTEREIN TV S &V S Efll (Helder et al. 2009;
Hughes et al. 2000 %% —/7C. K TH 2 &9 28I (Fukui 2013)EH D . M—IIEREBELNTOERVDONE
KTHB, R TIE. TOEERE TCOFHMOERNFICHL T, FHMOKIEAZER LI IEA =X L] =25
A% T EICE > TZDEHFZEMHEW LT,

TR E RN TlE, IR COYERIRARICN U T MROYBLIKEN 12 72— DR X 518 O (KIFHDRW) EEGIC
LT, KT 3 DOFHIDERNFED IR ZIRENFF SN, IEFICRRNGEDTH %,

AWIZE TR, TO FHROYHEIREED T2AHiME ) ICEH LT, 2FAET V2 AV BIERTREIC X B REREZI TV, 84
DR EFIRBDLENZMGE LTz, ZORR, 3DD 5 B FHIMOLENRIHRED “REEWVIRE” & “REIWIRE” O
2ONIEMCIFETE, Z0O “HHERIRE" BIALEICEL> T “REMMNIREE” NEEBRB LTz, T5IC, ORI
2ARETIVICH L TORGOMRZEA LI GA S, DERKEE TORN FEANRZEA LA TEEMKETH >,

AT, FIENCFHRD R OWIFEHEIIREN D ORRIFHRE 2R T 5 &, 20 2 DDLEIREED 5 BAERIED “&K
EARUVIRRE” DM — IR EHIRRE L L TIFHETE B T e o7,

F—T— B EER, RNk, FHIERO R AER]

Keywords: shocks, particle acceleration, feedback from cosmic rays
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i\ XS B 0D 2 RoehEiE & R IRICBE S 2 7 Uk _
2D Full Particle-In-Cell Simulation on a High Beta Collisionless Shock and Particle Ac-
celeration

FRTE f&— 1 5 KAAR AT 2
MATSUKIYO, Shuichi'* ;: MATSUMOTO, Yosuké

LIUNKRE, 2 THERS
IKyushu University?Chiba University

High beta and relatively low Mach number shocks are commonly present in a vriety of space and astrophysical environments
like the earth’s bow shock, the heliospheric termination shock (effective beta is rather high due to the presense of pickup ions]
galaxy cluster merger shocks, etc. Even such high beta shocks show some evidences that high energy particles are possi
accelerated there. Voyager 2 spacecraft revealed that the fluxes of non-thermal electrons and ions (the latter are called as t
mination shock particles) are enhanced at the crossings of the termination shock. Radio synchrotron emissions from relics c
galaxy cluster mergers imply the presence of relativistic electrons accelerated in the merger shocks. In this study we perforr
two-dimensional full particle-in-cell simulation to discuss structure of the shock as well as the acceleration process of electrons
The one-dimensional simulations performed in the past showed that under the high beta and relatively low Mach number con
ditions the shock is more or less laminar and time stationary and electron acceleration occurs through the so-called shock dri
mechanism. Here, we reveal that two-dimensional structure of the shock is highly complex even for such a high beta and a lo\
Mach number and further that some electrons are accelerated to high energy but their acceleration mechanism appears not to
so simple as that reproduced in one-dimensional simulations.

F—T— B HEEZSE R, BUESER, R hnE
Keywords: collisionless shock, numerical simulation, particle acceleration

1/1



