Pt 3¢

N H |

BxXc—19

HEMREMERER (HEMREGREE) HRARBEE
Pk 2 5455 A 2 9 HEBIE

HEEERS : 12601

HEFER - ABHE (B)

22 AR - 2010~2012

REES 22340169

MREEL (X)) MERREEELE-BEMRHTIATS— EOBAE LR FINE

IR E4L (ZEX) Particle Acceleration and Dynamics of Relativistic Plasma Sheet
Mediated by Radiation Loss
MEREKRE
2% Esh (HOSHINO MASAHIRO)
HEKE - XZREZRMER - &2
HEEES : 90241257

WHIERCEROBEE (Fn30) « HFRNmRIR 7 7 X~ TORR Y 2 %27 v a U3, @& 77 X<
= e UIAD 2 1 OISR IR CHET 20T, U axs v a ORBIERICHE > TE
LN DFEXERAY S = R T =R X, 7\ be UERE ST D, WBEREDREZ I Al
T AR AR 72— R TU a7 v a U ORTF IR Z i~ T2, £ OREER, BRI K -
T TR = FEHAER TR (@l axr va URREDZ ERDIoT, TR,
MR TOY axy a2 T, BEOTT X~ — FPMAERNT 28 OBKEN
FHEERTRIZOWTHIE L, R IRDOHENRZF LM LET5Z L a /il L,

WFFER R OMEEE (FE) : Relativistic particles generated in the course of relativistic
magnetic reconnection is subject to the synchrotron radiation loss, because the strong
magnetic field is needed to confine the relativistic hot plasma in the plasma sheet. The
nonlinear dynamics and its particle acceleration is investigated by means of a
relativistic electro—magnetic, particle—in—cell code, in which the synchrotron radiation
effect is implemented. As a result, we found that fast magnetic reconnection can occur
by the feedback effect of the reduction of gas pressure due to the radiation loss. In
addition to the above isolated reconnection system, we also studied the complex system
with multiple magnetic islands, and found that the efficiency of particle acceleration
is dramatically improved.

AR ERA
(BHHAL - )
[ERESE MEESET & &t
2010 4 3, 600, 000 1, 080, 000 4, 680, 000
2011 47 4, 200, 000 1, 260, 000 5, 460, 000
2012 4 4, 200, 000 1, 260, 000 5, 460, 000
FHE
FHE
&t 12, 000, 000 3, 600, 000 15, 600, 000

WP Er - 77 A< BT
FHE D3R - fH © 7T X<
F—U—F: R 3R v ar, MRS T A~ R, B

1. WFEBsa S0 5 Lett.,1994) X Lyutikov & Uzdensky
MR ERBORER Y a7 2 a  O#F%EIL, T (Astrophys. J.,2003) 72 E\Z X 0. FEAEXGm
1272 Blackman & Fields (Phys. Rev. H72 ) ax 7 v a il % FE sk 0o fE ik 1



JEBET 2B L0 Thk, X EmiETTE TIE.
FERRERIC IR T, R RV =0 F K
SRS D Z EmiEmShic, LrLIh
SIXERIRAMEBIR I > TE Y, FEE
B = R VX — R IR Z O = R L X
— « A7 MOV TR R TR0,
F - BOREE I S W T L RS HRNTET
INTHo T2, EEFRIEHR O OBFIEH MR
=iz,

FZTHAIT 10 FIZERIND, BRED
W= X —HohifE 2, hif=2— N&H
W CEBIRR O A TR T X 72, EfET
OREGHORIBIEIZIL, () ’OPAT OS2 &
LEHNTEE D RY 2317 v a > (MRX) |
Ly (D) EIMA PN~ MriFFo [ R
U7 kX7 R%E KI) ) bbb (K&
M), @ OISR D 7 T XA~ — T,
(a) D MRX MWEHELT VX —HhEHH =
EDRHBN TNV, FAITZEND DRELE
PEDARX EREIER CED X D IT > TV 5
MEFRDZ EPBETF LI, ZOREE (1)
FOVATRGGTE R O & & 1X, MRX Tid72 < DKI
2. FEARESE O 3L X —HoRIEFE AT,
FRWVELIE 2 LD 77 XA~vv— b~ RS
HZ L, (2) AL, EiEE B —k2et
Wy By) 23d % & & 1%, DKI 25881l & 41, MRX
DERICRKETHEEHOLNICLE
(Zenitani & Hoshino, Phys. Rev. Lett.,
2005) ,

E-HIZ (3) FHXFRMY axr7 3T
X, 77 A~ MBI 2 TIEBVY 22 = L
X—h PRI AEREND Z & &R
L 7= (Zenitani & Hoshino, Astrophys. J.,
2001), Z ORI FIMHEOFERIL, KA Y DT
N—TI XD RHAEFHETHLHEERIN
(Jaroschek et al. Phys. Plasma, 2004) .
INODOREREZIT T, NTEER EOMEX
L —i & R ETOBREFHT D
728 DR = 3V X — R E IS L7
MLt hbhd koo (Kirk et
al. Phys. Rev. Lett., 2004), Z®D X 91T
FRTFRA) 77 X~ 2 — b TIL . MRX 3 L OVDKI
LD, LI E RV F—R 0
R S AL, & DIEBATRL - D T A JE DB 7
FTADHAEICHK L TEMETE <D
KBTI > T BT M- TET-,

S TIHEBIRL D = )L X — 5 )N AR
TERWT I Xw o — IFREREINDZ &
DO TEZDOT, WITHRT ~Z MBI
BERTH D, B F =Rk LT,
vrrna ka7 8O R D AR
TERL Y | BHDIRITT 7 A~ — D
S LICEE 0D, BEEETT 7 X~

— FNOREIZTRDHDT, R a2
FIH T A — NI L. FRVEFED
WMNDDTHRENPELS 2D EZEZ NS, &
I TCHREFE AL, R a—RIZT T I A -
n— L Y R A AIA AT R & B A
LTW5, FOEATIS DA OO 5T,
DKT & MRX Hili# & b ETH L 12k
DM, EEEN WSS S X OB T,
DKI 1Y H MRX O FHLSRETHEWVIE
TREEMNMRE - TE 7= (Jaroschek & Hoshino,
Phys. Rev. Lett., 2009),

ZOXIIEFE, BREIRT T A~ — T
BT AT T AHEEOL AT I v
I ADBRENZI SN2 > TE 0, FX
7T X< OHFFEIIRTZRHAMTH Y | KRR
OMBENLIFE L T\ 5, ABFZE T, A
FOMPENIER CTE HHEMNO|E T
Wi £ TEH O T, 7T A~ — b Ok
b3 X ORI DWW TR 2175 2 &
iz L7,

2. WHEOHEM

PN RS~ 7 R X — (BB R
1K) 7R EOFHT T X~ T, @B L
A BNT-HEEIE T T XA~ — b TOWY
T VX —BAGEFE Y, AEREE Cm R
NFX—RL TR CEELREEHZH > TS
LEZLNTWS, 2O LI RET R LT —
KIETIZ, TR BEEMNMTITEE RS
O THX R BFEWAMLETHY . 2@
TR =R NODOBPNEEL T D
DTHE T T XA~DOMEERbLEEL 2
5, LLIZ DX Mxtiw T 7 A~ ToM
BiX, IERIEMEICHEL XS D2, £ D
BEMEIZORMbDL T HEVEHMEIEALTH
RN, AT, BER YT X~ Tz S
NHG7 I XA~ —bNTORKFETT X< L
DOMFHETEE D, MR axrva s
RUZ b« X7 REEOIHBIEHIELE .,
B D h B A B AU 7o FH X R ) FE AR
Fa—Fr2HWEYI 2L — g TR
HIZ IR BT L X — R HEARE &
AU D RIS R & 5T 5,

3. #ED kL

IHETHMBICER L CEZMERGRNE
fhr a2 — KNIz, T4 7 v 7 IBXOT 7T~
Lo m— L Y HRRRICHE - T, BESRE
B0 Avizki - =2— R (PIC) & 7= BA% 9
%, F LT LTz 22— R & HW TSR
BRI A — DEAFI w7 A%H
~5,

7T R R A T RV — GE I L



NHLOTELSLEHGET T AT D, i
BB R T A& L LT, i ozh< t8
DR NEIRE CRET A2 LT Y
ax7aryBIXORY 7k X0 REE
D3 B iR & R IR 2 B 724 %,
77T X~ v— FOPIEILEIZ OV T,
TITR— MIBIFAIMN L= 2 x7
a VOB REL T TR, Vaxrsy
3 VN L DMRE D ZEIRIRFIC B S D
RIZOWTHMRD, BREROMEIEMIC
X DRI IEIL, BFCE T R X —RIKHEZR
WCBWTIHEETHI EEZ LN TWND,

4. WFTER R
FPHIDEICHONTIE, BEICHRE LR
3 (Jaroschek & Hoshino, Phys. Rev. Lett.,
2009) T, VaxzsiarickviEshi
TR — ROHAEN, WHBREZT
KFL, 77 A~y — bR LOSENDE
TlVaxsyarynNERcRETH I E
o LTz, AR, 22/ 3 koo~ L LR
7o REBLEHE B 47U, 2009 4F PRL DL OHE
BRI T A X —fEIE TR D St D 2 &
TN D Z BT,
WOMEE LT, HEEARTOY ax”
Va VRN ENS L&, BERER R
FEBNAY 72 8 = L X — K- IR A H Sk B s
EY k| BHEBIROMEE T A X —THl
Wz LTHRAZEIZLE, B XLF
—RIFICRUE R D1 E, Yo rm hr U
KENRKEL 7250 T, WHERDREEKE
KFTBE, Vaxrsa ORREITIRI D
HLOD, FHTFAX DT RLX—DHE
KDIEE DO T, FEEATRL T IE &V D BLS
T, EEHRICITINHENB < = & 0o Tz,
2, 2RO ax7 g VITMA T,
Vaxsvay NEEEPT CRIFFICE X %
B ax 7 v a R TOR A IR ZE

= |1.2

0.8

= | 04

= | 00

50<v<200

10?

16‘ 108

X/

bBIotm, B1ITRLEOE, 22/ 2 &k
gt It E L T4 DT I A~ — &
g U, B E & R I oR RN U =
R aIilEoTIEREIND L EDET
Tho,

@05 )IE, T —FEEHRTT I X<
B AROBIRE R LTS, T=80 (X
(@) Tix, Vaxria r OBBERLZEIZL
D IRILDOBEREDTERR S TWAH P, REf%
BIlCLv T=160 (K (b)) TR ENEERE
WE, T=320 (K (c)) TIE 2D KX RS
BAaLEELE, MW IX, #OBox 3L
X =AY ML THY, B O RLF—|L,
02— L Y RTT 1000 BREFE TIE ST
BY ., EFITHEROBDINE A 7 =X LHM@)
WTWDZ ENTND, 2— L VKT 1000
DB ARNNT—ORL DT ¥ A v 22817,
Bty Ial—varorAXERoT
WwWo,

B (e) B LONE) 1Z, T=320 (2B T HHH=
FNF— R FOTRLF—Dur—L V[
T3 20 M5 200) 3 KON E T R X —RL 1
(m— L Y RF2 200 LLE) Firaiskst
LCHELEEEZR L TWDN, xR
VX — DR IXR S Z LY BT X 5120
L TWDHOIZx LT, @ prLX—3f
K DIMINZIFEL TWD Z XD, B
— LY RF 200 D E T R LVE—DRIF D
Ur A R, BREOYA X e O
o TW 5,

RO L WRLFINEED A T = X KD
TiE., BREOERIC L > TS 5k 1
N, Vaxrya O sRe —oi
RD | WK O OFEA~ L TEA S
HWENRH Y . - ORAFIIWRES RS
DYVaxrsavickoTEenl=TILT
RUMEEFORmEY =y M EMHAEEMAT
HTEMTED, HEOBREDKEIZRW

15 09
10 06

8 | 05 03

=l oo 0.0
W § 0.09 N [ 0.012
‘o.os : 0.008

0.03 0.004

0.00 0.000

X/x



() cosmic ray
(energetic particle)

L]

vaC e e

mwk

4
A& T

u[ L5
£ c

T, 2O >0oWEEE25HE, ERIZRL
L ORETNVERETE D,

K (a) i, 7=V INME L HBPT =
I THY | RELEZ RV —HT
MNT DR LB E AR KT 2
LT R FIT R X -2 ST 5, 2 LT,
Z ONEDFIL, BIRED T & LTl Ve
N c DD 2F|eA—HF—ThHDZ LI
LHNTWD, —FEREFERL LA =X A,
X (b) IR L TH D, REOED
DICHREDODEREZEZHZ LT, BTx/L
F—RTIX, Vaxrrarovzy ek
RIIZTE R TE DD T, MEZRN T LT
VR Va L e D 1RO A —F — Tl x
LI EREELL,

5. LR
(WFeE . ey K OSBRI 72 5
=)

GEEams) GBr1sfr) (X TH&E#HA)

DA. V. Artemyev, M. Hoshino, V. N.
Lutsenko, A. A. Petrukovich, S. Imada,
and L. M. Zelenyi, Double power-law
spectra of energetic electrons in the
Earth magnetotail, Ann. Geophys., 31,
910106, doi:10.5194/angeo-31-91-2013
(2013)

@Y. Kuramitsu, Y. Sakawa, T. Morita, T.
Ide, K. Nishio, H. Tanji, H. Aoki, S.
Dono, C. D. Gregory, J. N. Waugh, N.
Woolsey, A. Diziére, A. Pelka, A.
Ravasio, B. Loupias, M. Koenig, S. A.
Pikuz, Y. T. Li, Y. Zhang, X. Liu, J. V.
Zhong, J. Zhang, G. Gregori, N. Nakanii,
K. Kondo, Y. Mori, E. Miura, R. Kodama,
Y. Kitagawa, K. Mima, K. A. Tanaka, H.
Azechi, T. Moritaka, Y. Matsumoto, T.
Sano, A. Mizuta, N. Ohnishi, M. Hoshino

cosmic ray
(energetic particle)

ﬁ{ﬁ]
E C

and H. Takabe, Laboratory
investigations on the origin of cosmic
rays, Plasma Phys. and Control. Fusion,
54, 124049,
doi:10.1088/0741-3335/54/12/124049
(2012)

(@M. Hoshino and Y. Lyubarsky,
Relativistic reconnection and particle
acceleration, Space Sci. Rev., DOI:
10.1007/s11214-012-9931-z (2012)

@Y. Matsumoto, T. Amano and M. Hoshino,
Electron acceleration at high Mach
number shocks: two—dimensional
Particle—in—Cell simulations in various
parameter regions. Astrophys. J., 755
(2) 109,

DOI:10. 1088/0004-637X/755/2/109 (2012)
(®J. Birn, A.V. Artemyev, D.N. Baker, M.
Echim, M. Hoshino and L. M. Zelenyi,

Particle acceleration in the
magnetotail and aurora, Space Sci. Rev.,
DOI:10.1007/s11214-012-9874-4, (2012)
®)Y. Kuramitsu, Y. Sakawa, M. Hoshino,
S.-H. Chen, and H. Takabe, On the
universality of nonthermal electron
acceleration due to quasi—turbulent
wakefields, High Energy Density Physics
8, 2068,
DOI:10. 1016/ j. hedp. 2012. 03. 016 (2012)

(DM. Hoshino, Stochastic particle
acceleration in multiple magnetic
islands during reconnection, Phys. Rev.
Lett., 108(13)

DOI:10. 1103/PhysRevLett. 108. 135003
(2012)

(®K. Higashimori and M. Hoshino, The
relation between ion temperature
anisotropy and formation of slow shocks
in collisionless magnetic reconnection,



J. Geophys. Res., 117 (Al)
DOI:10.1029/2011JA016817 (2012)

©E. Grigorenko, L.M. Zelenyi,

M. S.Dollgonosov, A.V. Artemiev, C.].
Owen, J.—-A. Sauvard, M. Hoshino and M.
Hirai, Non—adiabatic Ion Acceleration
in the Earth Magnetotail and Its Various
Manifestations in the Plasma Sheet
Boundary Layer, Space Science Review,
164, 133-181, DOI

10. 1007/s11214-011-9858-9 (2011)

@ON. Yokoi and M. Hoshino, Flow-turbulence
interaction in magnetic reconnection,
Physics Plasmas, 18(11),

DOI:10.1063/1. 3641968 (2011)

@C.-C. Hung, L.-N. Hau, and M. Hoshino,
Magnetic reconnection in an anisotropic
plasma: Observation and theory, Geophys
Res. Letters. 38, Issue 18, CitelD
.18106  (2011)

@S. Imada, M. Hirai, M. Hoshino and T.
Mukai, Favorable conditions for
energetic electron acceleration during
magnetic reconnection in the Earth’s
magnetotail, J. Geophys. Res., 116 (A8),
CiteIDA08217, DOI:10.1029/2011JA016576
(2011)

@Y. Kuramitsu, N. Nakanii, K. Kondo, Y.
Sakawa, Y. Mori, E. Miura, K. Tsuji, K.
Kimura, S. Fukumochi, M. Kashihara, T.
Tanimoto, H. Nakamura, T. Ishikura, K.
Takeda, M. Tampo, R. Kodama, Y. Kitagawa,
K. Mima, K. A. Tanaka, H. Takabe, and M.
Hoshino, Experimental Evidence of
Nonthermal Acceleration of Relativistic
Electrons by an Intensive Laser Pulse,
Phys. Rev. E, 83 (2)
DOI:10.1103/PhysRevE. 83. 026401 (2011)

@Y. Kuramitsu, N. Nakanii, K. Kondo, Y
Sakawa, Y. Mori, E. Miura, K. Tsuji, K.
Kimura, S. Fukumochi, M. Kashihara, T.
Tanimoto, H. Nakamura, T. Ishikura, K
Takeda, M. Tampo, R. Kodama, Y.
Kitagawa, K. Mima, K. A. Tanaka, M.
Hoshino, and H. Takabe, Mode
Experiment of Cosmic Ray Acceleration
due to an Incoherent Wakefield Induced
by an Intense Laser Pulse, Phys. of
Plasmas, 18 (1) DOI: 10. 1063/1. 3528434
(2011)

@Y. Saito, S. Yokota, K. Asamura, T.
Tanaka, M.N. Nishino, T. Yamamoto, Y.
Terakawa, M. Fujimoto, H. Hasegawa, H.
Hayakawa, M. Hirahara, M. Hoshino, S.
Machida, T. Mukai, T. Nagai, T.
Nagatsumo, T. Nakagawa, M. Nakamura, K.
Oyama, E. Sagawa, S. Sasaki, K. Seki, I.

Shinohara, T. Terasawa, H. Tsunakawa, H
Shibata, M. Matsumoto, H. Shimizu, F.
Takahashi, In-Flight Performance and
Initial Results of Plasma Energy Angle
and Composition Experiment (PACE) on
SELENE (Kaguya), Space Science Reviews,
154, 265-303 (2010)

@®T. Amano and M. Hoshino, Critical Mach
number for electron injection in
collisionless shock, Physical Review
Letters, 104(18), DOI:

10. 1103/PhysRevLett. 104. 181102
(2010)

@N. Shimada, M. Hoshino, and T. Amano,
Structure of a Strong Supernova Shock
Wave and Rapid Electron Acceleration
Confined in its Transition Region,
Physics of Plasmas, 17, 032902 (2010)

@W. Baumjohann, A. Matsuoka, W. Magnes,
M. Delva, K. Schwingenschuh, T. Zhang,
H.-U. Auster, K.-H. Fornacon, U.
Motschmann, I. Richter, A. Balogh, C.
Carr, M. Dougherty, P. J. Cargill, T. S.
Horbury, E. A. Lucek, F. Tohyama, T.
Takahashi, M. Tanaka, T. Nagai, H.
Tsunakawa, M. Matsushima, M. Shinohara,
H. Kawano, A. Yoshikawa, H. Shibuya  T.
Nakagawa, M. Hoshino, Y. Tanaka, R.
Kataoka, B. J. Anderson, C. T. Russell,
Magnetic Field Investigation of
Mercury s Magnetosphere and the Inner
Heliosphere by MMO/MGF, Planetary Space
Science, 58, 279-286 (2010)

(FasdkR) GRlefth) (T THREARER)

(DM. Hoshino, Magnetic reconnection,
turbulence, and particle acceleration
in magnetotail, AGU Chapman Conference,
Reykjavik, Iceland (March 10-15, 2013)

@M. Hoshino, Particle acceleration
during magnetorotational instability
(MRI) in collisionless accretion disk,
Nonlinear Wave and Chaos 9, La Jolla, USA
(March 4-8, 2013)

®M. Hoshino, Particle acceleration in
plasma universe, 8th International
Conference on Computational Physics
(ICCP8) Hong Kong (January 7-11, 2013)

(@M. Hoshino, Particle acceleration
during magneto—-rotational instability
(MRI) in kinetic accretion disk,
Asia-Pacific Center for Theoretical
Physics (APCTP) workshop on
Astrophysics: Magnetic Fields in
Astrophysics, Pohang, Korea (November
19-22, 2012) (Keynote)

(®M. Hoshino, Plasma dynamics and magnetic



reconnection with anisotropic plasmas
in magnetotail, COSPAR, Mysore, India
(July 14-22, 2012)

(M. Hoshino, Magnetic reconnection and
particle acceleration during
magneto—-rotational instability (MRI) in
an accretion disk, COSPAR, Mysore, India
(July 14-22, 2012)

(DM. Hoshino, Magnetic reconnection and
particle acceleration during
magneto-rotational instability in an
accretion disk, US—Japan magnetic
reconnection workshop, Princeton
University, USA (May 23-25, 2012)

(®M. Hoshino, Particle acceleration in
collisionless accretion disk,
International workshop on Particles and
radiation from cosmic accelerators
CA2012, Chiba University (February
20-22, 2012)

QM. Hoshino, Collisionless
magneto-rotational instability and
particle acceleration in an accretion
disk, Frontiers of Plasma Astrophysics,
Berkeley University, USA (January 26-27
2012)

(OM. Hoshino, Magnetic reconnection in
magnetotail and beyond, Workshop on
magnetotail current sheets, IKI, Moscow,
Russia (September 26-30. 2011)

@M. Hoshino, Stochastic Particle
Acceleration in Magnetic Reconnection,
2nd International Space Plasma
Symposium 2011, Tainan, Taiwan (August
15-19, 2011)

@M. Hoshino, Particle Acceleration in
Turbulent Magnetic Reconnection and in
Accretion Disks, 11th International
Workshop on the Interrelationship
between Plasma Experiments in the
Laboratory and in Space (IPELS)
Whistler, Canada (July 10-15,2011)

@M. Hoshino, Stochastic Particle
Acceleration in Multiple Magnetic
Reconnection Sites, International
Astrophysics Forum Alpbach (TAFA) 2011,
Alpbach, Austria (June 20-24, 2011)

@M. Hoshino, Lecture on Kinetic
Reconnection, Summer School of MHD and
Kinetic Processes in Laboratory, Space
and Astrophysical Plasmas, KIAA, Peking
University, China (May 30-June 3, 2011)

@M. Hoshino, Particle Acceleration in
Relativistic Reconnection,
Understanding Relativistic Jets, Krakow,
Poland, (May 23-26, 2011)

@M. Hoshino, Electron Acceleration in

Reconnection, ISSI Workshop on particle
acceleration in cosmic plasmas, Bern,
Swiss (May 16-20, 2011)

(BFE) Gr2 i)

OEFEIL, R axrvar : FHRA
T OFEFEERE (17 F) (p. 573-p. 590) |
AT H R ARSI RS
(2011)

@F. s. =—¥—, P. L. 7UF=v b, B
BPELHL B E—JRERA O BT B R RS
. 2N T g (podp 1) ALEHR
(2011)

(ZDfh)
2012 A SCEAE (M. Hoshino, Stochastic
particle acceleration in multiple
magnetic islands during reconnection,

Phys. Rev. Lett.) %, B55i# (2012 44 H)
72 LI

6. WFZEAREE

(1) pFge s
B EHL (HOSHINO MASAHIRO)
WHRORS: « REFEBEPRSRIFZER - B%
eE %5« 90241257

() BFFEm s 2L

(3) HHEHTIEE 7oL



