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Relativistic Mirrors in the Ultrahigh Intensity Regime

James Koga

B E— AREERIEE BV R R SE AT
R FRIFATER SR L — YRR s v —

(1) FAEK:

Previously the reflection of low intensity counter-
propagating optical laser pulses from a relativistic flying
mirror (RFM) which is a breaking plasma wave
generated by an ultra-high intensity laser pulse
propagating in plasma was studied. We will clarify the
extent to which high intensity laser pulses can be up-
shifted, shortened and focused by using a focusing RFM
(Figure 1).

) FIRRE-ER:

Ultra-high Intensity
Counter-propagating
laser pulse

Up-shifted y-rays

Sharply
focused

Figure 1. Configuration

We have wused two

. . . . Breaking plasma wave
dimensional particle-in-cell vf‘

simulations to simulate the

. . source laser <=
collision of two strong laser

pulses counterpropagating

through an under-dense | Reflected source laser

@ -
laser

Breaking plasma wave

plasma. One laser pulseis

focusing (source laser) and
the other laser is
defocusing (driver laser).

Figure 2 shows a schematic

of the temporal evolution of

source laser —_—

Figure 2. Reflection of source laser

driver

Pa—
laser

the system. We have found that even when the source laser has the same focused intensity

as the driver laser the source laser can be reflected, up-shifted and focused.

@) SROFIAPE:

We will continue to investigate the focusing of the reflected source pulse by varying

the initial focusing configuration to determine what focused intensities can be achieved.

In addition, we will perform Fourier transforms of the reflected laser pulse to

determine the up-shift factor.
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(4) RBRVANMNZER, TURARE., RXF):

FERBNN

1) Relativisitic Flying Mirror in the Ultra-high Intensity Regime, = —% Y'=—A X, 77
)7 vNNTA, a7 T4 Ab, #8109 BN, Stepan S. Bulanov, B a7 7L
XY H— BT U—4 T KL 7T A, Peter Valenta, 45thConference on Plasma
Physics, European Physical Society, Prague, Czech Republic, 2018.7 (Oral)

2) Focusing and Up-shift of Ultra-high Intensity Lasers Reflected by Relativisitic Flying
Mirrors, 2—H Y x—AL X, 777 ®VAFA TualrRT T4 L, P IEH,
Stepan S. Bulanov, Erv 2”7 7 LXHh o X — ©T7U—%4 T KL 7T A, Petr Valenta,
[Elgs 433 AAPPS-DPP2018, 4R, 2018.11 (Oral)

3) Using Relativistic Mirrors for Photon-Photon Scattering, =—#4 Y= —A X, 75 /7
YN A, o rART T4 LV, MY E, Stepan S. Bulanov, ErYa T 7L
YH—, BT U—5 7 RLT A, Petr Valenta, EF# 72 HEDLA2018, %, 2018.5

(Poster)

4) Relativistic Mirrors in Laser-Plasma Physics, = — 4 ¥ = — A X, The 8-th Asian
Summer School and Symposium on Laser-Plasma Acceleration and Radiation(ASSS-8,
Momiji School), A#HJI, 2018.11 (Oral)

ERiT e

5) Relativisitcally upshifted higher harmonic generation via relativistic flying mirrors, =
— Vx—LRX TT)T VAFA, Zua R T4 LV, #PY IEYL, Stepan S.
Bulanov, Er Y227 7 L &4 % — Plasma Physics and Controlled Fusion, vol.60 no.7,
074007-1 - 074007-8, 2018.7

6) Corrigendum: Relativistically upshifted higher harmonic generation via relativistic
flying mirrors (2018 Plasma Phys. Control. Fusion 60 074007), = —# Y x=—AX, 77
)7 'V A, a7 T4 Lb, #109 IEYE, Stepan S. Bulanov, Er Y27 7L
&4 % —, Plasma Physics and Controlled Fusion, vol.60 no.9, 099501-1, 2018.7
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SFH FIE
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HmTRFFIEE s v — Y —RB e s v —

(1) FABEM:

BE, BTERFEFEANC B W T L —Y — 32 27 A Th 5 J-KAREN-P 23 h Th 5.,
J-KAREN-P # W20 B D 1 212, L—H—IIHIZ L D @mm p ¥ — A1 42 B — AR
DD, MTRNT —A A ZBAERT HITIE, BAIIXE VR —F—Z2H\2o 2 & Trlgg
2%, LovL, Bl L —Y—MET 5 L CRIEAMREL RIETRLF—A 4 (2200
MeVin) ZART HICiE, L—F—MEEIEEEZA+STH D, Lo T, IRMITHZFNLF—A
U EAERTHRMEE VI 2 L—va LR L, HERLETEWVWER LT —DA 4 %
RESELHELMIATHZENEETHD, —FH., L—F—A A INHEIT, 2 DOBROFEH &
ZERIMIETN NS NIz, FEBRIZT THIGEMRE R ORat 21772 0 DIIR#ETH 5, K- T, 2w
Ea—F—3Ialb—varzflVWEBROMBHA L BFPEETH L, ZZTE, b—F—AF
VIEIZIB VT, BRI E =RV — A A AT D SO A2 B S L=, 2 koo
PIC 2 = L—y a3 VO REZWET 5,

(2) FIRARE-BR:

Br—H—2 X7 A ThHDH J-KAREN-P ({1/)=783TW, HE=1x102W/cm2, = x/L¥—
=25J) % 1.0 pm JEDOKFOMEBIZTREAS L72FD 2D PIC v = b—v a3 UEREZX 112
AR, KIS x fil, TEEFANC y #IAER SN TR Y FUUI Y — 7 > o L—3
—HRSHEICE LTV D, BRRZNE, L—F— L 20y 2 — 7 > FEREICEET S
il & t=0 & L TRV, t=—67fs NIHRETH S, L—V— UL, wilickB\W Ty —7
v hOXNTER SN TEBY . +x HA~ET L TW5, AR F13Z Oz 3L X — [l TRy
INTEY, EEORECHEFIH AN —GTFTHLI AR LTS, t=33 fs 2B\ T,
L—W—r L2 X =7y NI LSHAEEHLTRBY, L—F— L 2DO—ILZ —57 > K

i L, F-—HIE y : -

HLTWD, t=183fs T o e b 0 I;\gmo
N |g

BWT, #—F v el | energy

protons

— P ADIHIAR

FIFTKTL, F—F~ v
R D AR (L — 1 —
HEAT AT (2B R
F BN ER SN TH
V. ZRHITHX TN
HEA TS, t=183 fs
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21T DR T DR K= R/ ¥ —1% 330 MeV TH

Do T2 L, ARFEMNTIX 2D FHETH Y, 3D FHEICH

NAERA F xR —ERES A STV D,
M URERZ . B OEINE CEo T LekiR % ¢

Protons

M 2105 F, ZITH, M2t=—6Tfs s —4y b g lZeom
BRI AT & 5 I, A5 — 4y R EEARHFICE
SIHEIHEIL AEROBT 2 L 1L RADEEA |
TT05, M1 EEDETRDZET, mTRLF—

B, L= R TH Db —x Mo (R
GORER) DK TND = & RSMND, 2 Brom (Bt oEaLE T

AN

KW LD B F U c BT, )
BT KL E— o AL, ORI L RO & — 5y MEE S K TNG = & R o T,
*7-. JJKAREN-P ZFHHW\E TR VX — A AU NEIRIZEONDIERLEZ R LT,

@) SERDOFIAFE:
INETORREZENL, LV BRIV —OREMERA 0 B — DRSO EHED D,
BATE YRR AT IZ B W Tk, J-KAREN-P # W R R @ = RV X — DA 4 Ak & L83 5
ZEIFEEREE o TWVD, BRI A F U ER/DLTOIE, R E RS Z ER
HETHD, PICVIalb—ya v, BIRA LVFEMCHAL, L—Y—Infic L sE=
IR —INOEE A T B — DER DS AR L TITL

(4) BRVANESR, TLRARER. WXE):
N
D b—HF—AF IR IBT D2 =57y MEEORE, sFH FIE, ot - &7 — 2B A
UIRY T L 2018, 5UHB, 2018.5 (Poster)
2) Achieved ion energy behavior with target density in laser acceleration, T.Morita, The
2nd QST International Symposium, &K, 2018.11 (Poster)
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BB — AREAFSEE M BV R A ST
SRR B &SR 7 e —

(1) FABEM:

1. B MoSe D @i L — I — 5 Tt 1 5 IEMIE A v 0 —BE FE BAEH O fiftT

AAFFETIE, TFEAE CHUEEAERIC X D2 REEER L& L THIfF SN TV 2 HE MoS:
DY 7 fs FEIRCE & 5 EEEHIEIEBE OMRH] &5 TR A R D,
HiJg MoS2 (258 L — " —45 4 B L 72 RFC YR E D b FHRSE~ L B SN 2 R K O E o L
— P —EHEEREEEZI O 8 U, ESEM L0 EVSEERD FTRE Th 2 iRt 75,
HAZ @ AR A OB L O MR O & FEREETISEOBEBREA LT HZ & T
nano material (Z LK 2 YA A v T B L ONEHT A AFFE~OFE#HZ 52 5,

2. A7 L LB . Maxwell FRER, o FEVFEHREAZME LTy < 2 L— 2 Bi%

AT T Si O L —Y —Fhid i IR e 2 REF K 75 LR (TDDFT) &
Maxwell SRR Z @G Lic LA TIEEZ TN+ 5, 300 7E 0400 b E TR
FEO~ 7 a2 A A HIE & U ClE IR SRR D 2 IREE T /W K D& INEAE FH5E
L. T T TEIIF3EEIT ).
INETOL—P =LY 2 b—y a3 V3B FRELR S EMRET L TORMRITETF L
THYEMECRIT D, SOITNLCHEELRYEOWBAELFLR TERY, T b3
MR E & B TRV FRIRAMAE S5 2 &L THRIRT 5, o fiRinG
I T FT OF AT E DT 24T L— Y — I .o ®E LR L O 2 XK 5,

2) FIARNE - wEHR:

Hifg MoSsz &L NNV A L —H—DIERIEMHBEAERIC LY BAET HEmRkEHARE (HHG) %
A CWEAR AR 2 AGU TR F2 BB EGE (TDDFT) 2 W CEHR L7z, L—%—D
fWEITEE N P& KK 51 & LTz,

T@IFAH L—H — L[] UfR 7 (parallel) TH S5 HHG O8E4 R L2 DO TH
% o BEMFEEAE DA )L — 53 2 m il OB, Mitslh | 3 R AT RV DT
BN R TOETH 5, Parallel 51D HHG 133 DORFED B AR D, HMIT L —H—ox
JVADE— 7 REORZNZ X L CEGOIRBOAAH (Carrier envelope phase=CEP) D&M
E DAY M7, CEP 2% 0 ld Sin P & 720 0.5 7 Tli& Cos PIEH DT 72 D,
MEZG DN T2 ERITFHETHONTND AN FF Y v FE2R LTV D,

1)L L —F—D Rt & BB 7 M OfFEE RS HHG 5545 Tl 5, MoSz 7 £ D KK AL
FHETHDRRA A T VT 4 2RO TIIAEM S D 53 WD IERFRED B I E T ARG L7
B O HHG BHATHENAOLN TN D, KEHETHZOREPHBELS N T ENS )
%, K 1@t b, 3LLED HHG v —7 38 X O O Hifi] = L ¥ —fF31 T\ CEP K77
MRS DZ LB h D, BICETIRBE 2 AT R ELFROMBRIRIZOT TZOMELEK 1(c)
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R LTz, ENZENOBRTEIIAL ORI OEHIFEYS LT\ 5, HHG 382l B
DA T VT 4 DOEAD CEP \ZHELABRFEL TWAENSMNS, LLEOFENS CEP LW 3D
YA TNV T ORFIA 7 — IV TCOEAR DA T VT 4 DAL TN DIRWBDER 2T,

6 ! Ci g ?00 ‘” (Sin type) |
| S| B 1 (@0WBE MoS: 22 b0 HHG 227 by
| - 1 ROQHHG DA VT 4 OHED CEP KM

i wef ParaIIeI
§ﬁ° T_ X 2(@)-(iz> Y 2 REIZ ~°—%%%Lt
_‘é mj: (b) Perpendicular ﬁfﬁ@ﬁbtfﬁ%ﬁ (‘f"ﬂ#" j’ Eiﬂﬂ) }L%ﬂ

ZHOBREE (FE8R, 26h) &:ﬁ§%10>ﬁ%ﬁ;:n;ﬁzva
— IR L2 O (kR Al 2R L7z,
BRI Y a o Rmh L OEHTH L, L—H—
DIREED L7258 D\ THENBAE AN R -0 THE BB %L
AL E T2 Z LN nnd, —J7, BT - ZZHLO#E
TRV Tl —EDEIZ > T d, i
i%ﬁﬁ T MRV L DN FETH

Harmonic Order DITHK LT miB“C T2 R FEERD
TEF—EHY ﬁ%ﬂf%i*»%~ﬁlﬁéhé$’

X 321« ZCILOEE (1/eV) OZEfIpAi%E L Lz, 5?7% B CHENZELTHD, KHl
AU CIEA W RV —FHIR I JE 5 5 -ﬁﬂﬁ®$ﬁﬂt%éﬂ*%fi%m®izw%—
RRE~DOE BRI FN TN D,
bz et b—F—phi SV a > ORESAMITRE EEHBTREIELIHNBED
0. FIUTEFRHEIERREOEWNC I 2FERHL N E R T,

©
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X 2 TV aryEmEZBITDEEET 3 VY aryEHIZRBITIEETFEELEED
R, BHEE & EFREDOZERSA, TRVX =45, ARIET Y =2® DoS,
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@) SERDOFIAFE:

L AEVEGER AR A EA L2 LIc kY | BEARS F R e 0 VR ORI S A S
AEWA D XTI otz, FRCREICEBIIGEZT DBMNEMRIND bR 2 Uik
DINE ZRIT T 5 F CTHHDED TS IBITF T2,

2. L—HF—MLTOY 2 b— 3 V&) ADET IS i E 91 DG E 3 A HE
otz, BONEREEMEET NV ENTDHZ L THIMSTEINF LS, MTHEOLK
BIZBLTETH D,

(4) BRVANZESR, TLRARER. WXE):
FRRER
1) @E L —Y =GR H D InS ICBIT 5T MEXOLTFIE, L B, AR AE
FRIEEE S, RO, 2019.3 (Oral)
2) 3C-SiC @ 2 /)L AFHEITIAT D& - 2L DR, L8 B, AAMEESKF RS,
HAB, 2018.9 (Oral) "
3) Effect of the hole states in time-resolved dynamical Franz-Keldysh effect, &% 1=,
Ultrafast Phenomena, Humburg, K- >/, 2018.6 (Poster)
Al ER L
4) Anisotropy and polarization dependence of multiphoton charge carrier generation rate
in diamond, M. Kozak, T. Otobe, M. Zukerstein, F. Trojanek, P. Maly, Physical Review
B, Vol.99, 104305, 2019.3
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BEMFHRICESD DNA BIFOYMEBES I 2 L—Ya VR
AR s
B E— ARETIEET BV R AR ST
B AEMmPANER R DNA #RIEEHTIE 7 L —7

(1) FABEM:

BRI KD D AR E WVRE R EZF S RN TRY . ZOEBEO—DE7 T
AH—DNA HBIEGEEELNH EEZHLNTWD, LM LR D, 77 A% —DNA 150 ERHE
XD o TR, Z OMEN DU, £ 0 EWIBIEN R Z L O AIBIR O EIEIZ 7223 5
DTIERVNEEZ, Va2 b—a VTREMTOY 7 22 —DNABEOLFHEBE LD
e RfET,

7 7 A4 —DNA BEOHE % T 5 121d, DNA 5D ZER /54 2 T D M & 5, DNA 18
BI%, BRI FRRIC K DEEEECRAET S _IRETOEBEMAEEH, KO KE T L/KEDHEA
TERMOATTE OH 7 VML DMIBEMAERNOAL L EZEX 6N TR, 2005 mit =
WEFNEDE I REEBZTININEETHLHEEX, ZOFEHOVI 2L — 3 VETILH
FEITH Z I LT,

FRFAREZEEREC L 0 “RE 72T T BN OG A TR ERT DR, 2051
A B RFTHNC BB EEERT 5 DT, 2R SDNTFA 4V MEDBKES (E) A KE
DIEMIZEET L0 TR EEZ, ZOBLORELXZE L _RETOEHO I 2
—a VETNAORBEEI T T, TOREBEORKE W LERRLEBRIBE RO, Frxrons
2 b= a VEEOBAEOEM ZHH T2 LIS L, YR a—va vy T LORYMEE
MR TXx7-, Thbb, 20OvIal—Ta ik, CIRETOES)R DNA HBE 02/
(2 L CHRISEWVRIZ BB 2 2 E IR T . ZhUc kv 7 T A # —DNA #1504 ik
RO OLIRED Z LR TE 5, EHIC, ZOETAEHAWT KEFDOEFHDOL I 2L —
v a & HWT DNA HBIEOEM S Z RS D OISR AR TEALFHRD AR OTE R E I
AV SN T DEVEMRESAR (ERLFRROBLE D OEE 2Bk E LaRE) OvIalb—
T a VETIVORELITo TS,

FORL TR TR O TR R O I 2356, fia oA o ¥— [HikgE
(FE721X LED) IZx§ 28BMEEZME LTS, LLERL, ZOETAVEHWDS—HOA 4
VEFLX— LRHIEBEDEN O R EDBRMENMEFHET LD, BUEOA— R—a B a
— X —EHOTHEA#EN»D, £/o, B7 L, 23— FHCEMET, AREZ LR # O Z &n
TERW, 22T, ZZTHELETTVE VI 2 b—y g VBB B E I & 5 <
WhkTHZ e HBL, QLAT, EHLULZERXEZHN Ty I ab—ra VR ZE LT 2 &0
TELETNAVEREL, MEROET NV E ZOETANLELNZEIRENE T 5, X5,
(¥ 2 b—v a3 b B R R & BT 2 EXOEMN 21T,

23



2) FARNS-HE:
S AU CAERT BT A A & B ORES Eix
E = _EAE? (1)
4se, IR, ¥

{

LEFD, ZIT, e a g RAITNTHN, REW, HETOFEE, IFHOA AL OH

Wi, 1 ZHDO WRE T L I ZBHOALT L EOHEERT v ERT, Fxr OLIRTOWE
[Moribayashi, Nucl. Inst. Meth.B, 408, 241 (2017)] 7>56 Z O %

2
€

'~k [k~ 7.36 x1019 (V/m2)] 2)

Nz _r

EIRITCE D2 ERboTlz, T2 T, Naw tionld, TNEI, T OBERE, A 4 E2%EE
BB 2 L HITRTH D, (DA TIE, BREOWRITIE 3RILDRY ML THDHDIZK LT
QA TEABT—EERD, M 1ICARA AT —% 500 keViu OEHOAGHA A
BRETHERT D0 A AV PMEDE I L TOREHWHE & QXA W -GG OB HR
BOMOFRERT, T2 T, ZHILIRERODERL AR A A XX — rion DfE
W L ClERIIRW—FE2 R L7z, QX&) ik v Iab—rvara—RRbihR
TR, vIab—ra VEEZKRIBICHIKCE 20T, ET7 VO KITENLD T & AR
Tx5,

107 108
(@) 7,,,~0.5nm (b) 7,,,~0.15 nm
> 106 P = 107
o) s )
8 ¢
g 10° [ g 10° I o
B ®
= sl
104 e 105 |
103 i 104 1
0 4 8 0 4 8
AFAFDYPENSDIEEE (nm) ARAALOHENSDIERE (nm)

X 1 B E AR & ASA A4 OBLED D OHEEE OBIR Y A 4> OARES IR LT
DO EHWEEE(@ TR EXRQZHWESS OOV ab—ya UREREZRLT,

AIEI CIR R LI 1 SO ESA ZFHHET LD, BIEOA—R—a B a—F—%
HANWTHEEA#END, 22T, v alb—y g UHERAZ2EHET A E2 R0, ZOFEFTLTOA
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INFAKA A DN T —(Eon) EFLIEEE (S)72T B D, 1ion DD VI Sp & i L7z D1,
FEEBRTIL S, OFPMEHBENRZ N2 ThH D, AHA T X NF—BEEIND &, Tion &
Sy TG DR E 725, K210y I alb—3y g LiERNLELN-BREES T Z R L
77o X2 TiE, riZ8nm FTLAVRI o7z n, fEEIX. —REBFORLF—(FE50NE
ELRTOHEKE TEMTE S, 22T, ZHILIVvRS WD, fSERUE Ein=100 MeV/u,
Sp=600 keV/um £ TV I 2 b—ra URREZHELT L2 N TE 7, ZoOfE%E Vi,
HET LR CERMENM 2RO D Z ENTE | B FHIEIRIRE OTREE GRS EBR O T I F
Ric/e s 2 EnlifE T 5,

107 107
> (a) >
& 9
o 105 = 10°
Sl 2
= =
10? - 100 L—
0 5 10 0 5 10

ARAFORENSDIERE (nm) ARAA L OBEMN S0 ERE (nm)

X 2. BYERRES A & AB A A OBLE) D DOREEEE ORGR: FHETALAHEH LY S 2
L— g URER R OFERD O RO B E N & 2T, 5O L EMTR LI, AG
AF DR F—ENLE MeV/w) &FRIERE (keVium)iX, ZiZ4(a) 10, 119.66, , (b) 10,
201.43 Th 5,

) SHROFATFE:
()27 7 AH—A A2 EUV-FEL Tid, HA A2 L0 HROEGNAERT D RN S 5 =
ENFHERRBL U0 bbhole, ZTHODRFIZ K AHELTRLZLICLVEL LT
N EOZEM A, Thbb, 7 7 A% —DNA#BEOLENRE L OBURNBH LMD
EEZ, INOLDOEFE—LTERT 2 ZKEFOEE T I 2 L—a VOET VR ZIT
I EETIET D,
X1 X2 TRLIEEDICARA A OBUERIT T, EFICRFTMENREL 25, Z
DIEF IR Z 72 WP EI TR ETHIROIRE % FH S22, Z ORE EFIIBZRE 5] X
ST ZERTFHTED, EBRICBIERICEIVAELDENTFRE LTS TS, ¥
a2 b—ya UCHRONEERRES AP OIRE EHEZ ALY, BWWEDO IalL—v s
VETNERET DL L ETET D,
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(4) RBRVAMNZER, TURARE., RXF):

FRRK

1) Role of ion impact ionization cross sections in radiation biology using swift highly
charged ion beams, K. Moribayashi, 19th International Conference on the Highly

Charged Ion, Y AR (AR/v FH L) ,2018.9 (Poster)

2) HA A E— AN Lo TAE U 2 BWPEN S| S & 23 DNA GO FTRENE, bk f1E,
JRF- 224> 2918, AT AR, 2018.10 (Poster)

3) HA AT T A~ DT NF—ff 5. & DNABEORR, Fik f@iE, TR0 i
&) - REEV G OEEALD LT V=R L DT T A~ BEORM] s, R
i, 2018.12 (Oral)

4) BA AL E—LBEIZBIT D7 T v 7 E— 7 (L TOMRE E5, B @HE, B ARpELY
20 T4 RS, @ [ BAs i i, 2019.3 (Oral)

VK

5) Application of simple formulas to track potential in heavy-ion-beam simulation, K.
Moribayashi, Transactions of the Materials Research Society of Japan, vol.73, no.5,
267-270, 2018.9

6) N. Shiakazono, K. Moribayashi,and P.R. Bolton, Application of laser-driven particle
acceleration, (Chapter 10 Using laser driven ion sourcer to study fast

radiobiological process D& #i%E) 388 (15 for chapter 10) , CRC press, 2018.6
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ABERSDFOEE. FATIVABRDEODL I aL—2 3 VEMORAREE
TDEIT
E F#2. Luo Di, #E &
B B — LR EIEER BT ORE R T
BEEMBPER ARSI alb—v g I—"

(1) FIABEM:

DNA 05, R, EHE, ML, EMEHORBEZRTIHRTHL, M a2ED, B
MO DNA 12, £2EH A — FUI kS DNA NEEHIH S 7 o OO Rz 37 MR
MENTND, ZOIHN SN AEEDOEARFPEEN X 7 LAY — L ThDH, ZOX 7 LAY —
DL, 5, ER, B, A e EOWRFE T, BEE & FEARIC XV OB TR
BERTNWDHD, ZOHMARENN BT L TEHEIZONT IS Do TR, RFETIT
B CHRRIICHEND X 7 LA Y — AR OF OLHEROEN A, & DR ENVERED) I &
DX 7RENEELH L THDOMNHLNTT D,

K&Fi tEANCH3D 42 FHADOT VT = OFERZEMD, X7 LAY —LDREMHICE

%}ﬁn%ﬂﬂl\fvo

(2) FARE-BR:

EA R H3 @ 42 BHOT IV BELET VX =03, VAT UER % T 5, Z D&
WZOWTE, B FRBZEHR LTS LW oG EAHE LT LV IBETL2®ENRH 0 | #Ein
DNz > Tz, TAFXF=2 DOV AT LI, 1R LXK D ICB MR (asymmetric &

2 5 @  symmetric Arginine dimethylation

arginine) MB{EET D, _ /_7/\ " Asymmetric Symmetric

anti-anti anti-syn

Hox 13, DA F LT H %\beykj§gf Jﬁm Aﬁ, -

STH.UAFMEEN |

DAL OE, T 2b ﬂﬂmmy\l

N S — promote limited limited
t)‘ A ﬁ‘/l/ﬂj?/l/% '( unwrapping \ effect e effect
VEMRIZE ST XY Unmodified vs. R42me2a Unmodified ys. anti-anti Unmodified vs. &
LAY — DR ‘ “ e
5 A BH BN 2 A T e
535 22 A
F% 'fﬁ%%\éﬁ - '?/ ""\1“1 --‘-T“‘I\'J b

BrEEZzTWSHEEZ
1. VAF LTI EFD 5 B, 250X F)LHEN

o, 22T, HEMEEKIC O ) .
SR éMWMﬁMéﬂtTw%%/kﬁ%;HMéMKTw%:V%m
ﬁo#ﬁ%mx%»méntﬂwf@xyv;>DNAﬁ%%k%
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1) Free energy profiles of the intra- and inter-nucleosomal interactions by all-atom
molecular dynamics simulations, H. Ishida and H. Kono, % 56 [a] H A /EM# 24
2, [, 2018.9 (Oral)
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2) Investigating the influence of Argine Dimethylation on Nucleosome Dynamics using
All-atom Simulation and Kinetic Analysis, Z. Li and H. Kono, % 56 [a] H A /E¥ ¥~
DHES, 1, 2018.9 (Oral)

3 ru~FUHA T I AL DBARTIHIGME, BT EMPENIERE 2 MRS,
L, 2018.5 (Poster)

4) A—R—a L B a—Z THHHE N 7'E, DNADELEiE, Ao 2550 in I
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AR A SC

6) MNase, as a probe to study the sequence-dependent site exposures in the +1
nucleosomes of yeast, Luo.D, Kato. D, Nogami.J, Ohkawa. Y, Kurumizaka. H, Kono.
H, Nucleic Acids Research, 46, 7124-7137, 2018.6

7) Investigating the Influence of Arginine Dimethylation on Nucleosome Dynamics
Using All-Atom Simulations and Kinetic Analysis, Li, Z., Kono, H, The Journal of
Physical Chemistry B, 122, 9625-9634, 2018.9
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JEPEREZ#%E Lz ABMD H =L ¥ —3HREEZ FEM L7, 2hIC kY X7 LAY —24 DNA
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(4) RBRVAMNZER, TURARE., RXF):
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1) Free energy profiles of the intra- and inter-nucleosomal interactions by all-atom
molecular dynamics simulations, H. Ishida and H. Kono, % 56 [B] H A/E¥ B2, [
(LK%, 2018.9 (Poster)

2) Model building of overlapping dinucleosome based on SAXS and SANS profiles,
Matsumoto.A, Kono. H, Inoue. R, Sugiyama. M, Kato.D, Arimura. Y, Kurumizaka. H,
%5 56 [Al H A2, LK, 2018.9 (Poster)

AT R S

3) Free Energy Profile for Unwrapping Outer Superhelical Turn of CENP-A Nucleosome,
H. Kono, S. Sakuraba and H. Ishida, Biophysics and Physicobiology, accepted

4) Dynamic analysis of ribosome by a movie made from many three-dimensional electron-
microscopy density maps, A. Matsumoto, Biophysics and Physicobiology, vol.16, 108-
113,2019.4

5) Matsumoto. A, and Iwasaki. K,Integrative Structural Biology with Hybrid Methods, 16,
Springer Singapore,2018
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T.Shimada, K.Itami and T.Hatae, 14th International Symposium on Fusion
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AT DORFEIE B A /56 S &7 kG R = — F TRESS+GKV #BA% - RS HE, ZhET
FERTITONTERL T I v I Ay F U7 OHBLERA D, SMBINEAO FCTHREI S 5
ITG/TEM &L %7 2 HERR T 36 K ONIERRIARAT A 920 L . JT-60U SEERAFEHTS° JT-60SA THIFH
BICHEAT 5,

(2) FIRARE-BR:
PIMEREE— RiT b A X OVEHECZ OHE 712 X ofiffﬁ“ﬂ:éﬂé ZEMNHBITWD,
JT-60SA (23 THRFIMAEE — FOREMMIT 21T 5 72012l MEET ML D haA X
[BIER AT O TRNME LT D, £ 2T, Hﬁ%A@/%)ﬁ51@km45»E%%?ﬂ?é
7ed, PC7 7 A% ETiEM L TWAHHEA=— K TOPICS & ICE X LTS E7- FORTEC-3D
EREAGOE T, Frilrdl h oA ZURE (NTV) #BE L7y Iab—ra v &fTto7, 77X
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~ DOEELIREOSAIXEE L, baA FVEREOREFEF RO AFE Lz, NTV IIRES I
BITHRAFT 52—, buA ZVEESEEIIRELORKE SCTEAICHR BET IO T, #VIKL
AR E DR ME L 725D, JT-60SA Tl b a4 ZVERROERENR & L CHPERL - E— A A
S (NBDIEE 21 2 TWA DT, T LIS TEOME IRAE TOEH b 1A Z VA5 T
W AT T2, & buA XA EEESE(TTORM) ORI R A XK 118, & bhaA XAk
B @& L IHREERT 577 XA~ OAEEEEZ R L TBY | MENHO NTV HEO O HIZIRIC
722> TWVWDHZ ENRTEND, 788, NBLIZXL D hLr3HHIL 0.5 s &, RESITRKEH
INTEY, NTV FHlIXICRE TIZEt 6 FMEEL R o7z, ZNZ1D NTV SA0IEK 2 1ITR S
NTHEY, SAITIRE L2085 bRERITEBE VTS, kDO NTV iR L /o7 6.8
T NTV 2852 672K TTORM OZfb %M1 TRD &, 1ZEAEERELTWRNT &R
"o, TPbH, 6.8 TH NTV O AT 7T X~ DEEESARICEE 2 RS ol d =
ETHY ., ZOREO NTV A IIERELC b v A ZOVEERO 5546 & FIEREOREETH D L0 )
ZEBRGMD, THET haA XVEERGA T T T XA~ ZEMEIT I S = [1],
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@) SHROMAPE:
A% UG a— R LA DO NTV GHRE 2k T < & JRIT, PRk 30 41T %
Lo B OFHEICBE L THEBL TWL FETH D,

(4) BRVANZESR, TLRARER. WXE):

FRRER

1) Resistive Wall Mode physics and control challenges in JT-60SA high beta_N scenarios,
L. Pigattoz, N. Aiba, T. Bolzonella, N. Hayashi, M. Honda, Y.Q. Liu, G. Marchiori, S.
Mastrostefano, G. Matsunaga, M. Takechi, F. Villone, 27th IAEA Fusion Energy
Conference (FEC 2018), Gandhinagar, India, 2019.10 (Poster)

Pt 3L

2) Resistive Wall Mode physics and control challenges in JT-60SA high beta_N scenarios,
L. Pigattoz, N. Aiba, T. Bolzonella, N. Hayashi, M. Honda, Y.Q. Liu, G. Marchiori, S.
Mastrostefano, G. Matsunaga, M. Takechi, F. Villone, Nuclear Fusion , Volume 59,
No.10, 2019.8
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EERPINREDMY ANERME TSI XTIIETAHRSE - NS HEEER

b
Bk & = L X — WP FEBASEET T IRETEZ Rk & I FEET
St 7T AW el 7T XA~ T ) T T N—T

(1) FABEM:

BRhe 7 7 X~ Z s LB ER O —DICRRZENSGIC X > TAE T % Mode Locking/Mode
penetration 3% 5, R ITINEN D 52 DWIGEENE B X H 2 LR TE 5720, WiHEE
T 7T AT DINELETRD Z ENBROMINZ SRR D, RIFRITT T A~ INE %,
MHD - E#Em 57 bR LB O - M OBEBI 72 fil il FiE L2 ML T2 2 L 2 BN & T2,

(2) FIRARE-BR:

IAVORYE - PRI OWMFR TA L DR EMSIZ K > TR E A Mftsnsey 7 FE—F
(LM) 1Z7 4 A7 72 a yOFERTHY | BT 2MBEEIRS “BES” 2w <77
A~ (Bl 2 BRE) L, RRZERGS TR S WIS 2 fR S 2 ReEhfil i 23 mhkE 3 2 FB D 1 > T
bD, TIVE TOWNIE TIIRR S & AN I B < SR K - THRE D EAIREVEFRE O
JE BB DRI & 5 2. % 9 T\ RS OB IREN 2 bt U, BERUS & iR 7225 0> DRI L 72 3
b ZDIREEZMHI TE 2ENH SN o7, —I57 T £ OLEALOY AR OFEMII AR T
Hot=i=d, HEHHE MHD v 2 = L—3 3 > a2— K AEOLUS-IT % F W T B 207 & 7)MC
L7c, fRa TRICRT, BRSO J8 5 A FE S (20,000 7V 7 = ) 726 36 (1,222
TN = ) ~E SRS &L K@Y X D IS D RS & 5 2 T A IS O Al
KSR —FRIZAD T 5, AMNEBBES IR ISR 2 2B AL R TSI e & i 5 B TR O (i AR
ZZCHERMNCIEI S5 A [Fitzpatrick93], MRS & AN & ONFE 22 % [BlisRLE5 O — J5 1
IZHEY ey P LHER L. (KD), K& 0 IR [mli5i5 2 - 7o 5 B IR RUE & REse
EMENAITH Y | IG5 BRSO 256 AR SCER LU BESRS BRI
FHELTOWDEDH LN oTz, ZHUL, B E Y 7 OFINART O X 5 ITIRET 5 BIHERES 1
F o TWUNRIREN S S, IR AN LZ E R CER O IRBE AR L TV D A BEIR L T
W5, AR AREIZEZ IR0 TBER T T X< TRk 7 E LB Rk L TR T B & 5

LEBR~OBEM 2 B LIFEZ2 D 5 TETH D,
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(2) 0.18 4——— (b) 1.0 Tr VT
016-; & 054 I
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K 012 L
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0.10 - o _\] J I
008 : T _10_ T T T T B
0 125000 250000 0.00.20.40.60.81.0
TILT T B B ([EERREIE2EER)

(R EME & )M S SRS B ONAIZE ORI R R, BAREIZILE3 5 X 5 Zeallspiss
Zh 2 5 F T, ARG BR S OMAZENR Y K LKEET 2 F T (Kb)) . B TR AS EE
BN « kT 528 (K@) RSN T,

(3) SHROFATFE:
HWEF— 4 OWF DR, BERHIUTEHAZT .

(4) BRVAMER, TLRAREK. RXE):
1) #RE) 7 2 LIS RISEENC L D BERERR OIIH], H b FkE MHD #FJt, kR, 2018.12
(Poster)
2) SN LIS RGBT K D RS IRE O REBY I & & OB B R EICRT 2 ZEE, HE
B, 25 35 B 7 ARG R4, KR, 2018.12 (Poster)
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AT TS XRIZEITDEFED R BAEEDRENT
RH f2%k. A% FE. MPH BF
Rl G = L X —RFJEBHFS P BB R A B SE T
Fetlt 7T X~ fFEEs et 7T X~27 ) o S —T
(1) FABEM:

ERAIF LT 7 X~ OVERRIZ T 7 A~ DBREICKREL EAIND -0, BESA O EMER T
BINARER T D, LA IR Tk & BEEh 3~ 2 BB OB DU £ 503, & if ik ic
HRT DR R A2 ERmAICHHE L, Rl G I OMERE T I AW B DA Bl = — R
FRiATe T ENTE DT IVIIFIE L, RBFFETIELY ¥ A mifdhin = — N & H T JT-60U 5
B2 kPG & U TR PR AT 217V Sk R O R AR I T 0 F 5 A 61T D, &6
2, EOfRERET —F_X=2 L, =a—F Ry NU—ZICLHFE 2175 2 LT, D
WEHEE IR T, BTk O PRS2 e X TR A TS 2 BT LV EBIRT D,

(2) FIRARE-BR:

LR TS MEAT 21T 512 H 72 v | ELIRRL TR A2 MERE R CRELTE A Z LA EL, &
T OBRACELIERL 7T 2R D L 91253 T, = D(R/Ln, + CrR/Ly, + Cp)o = ZC, DIZHRAL
SNTHIFHEBIRINC D Do R/Ln, & R/ Ly | ZETF OBMSAVHEE - IRE AR Th Y . EBRFRIED
bh 265, HUOFEINNOE —HITILH, H_ « ZHF T FIZznEnsbc LTEY ., G
ECHITIE A FEEL LT FORE I EMELZRITHREE oo TWD, RBFFETIE, Cr LG %
Ty A vilE#Ehn 2 — N GKW OREHENGRD, Lkl i e & ek o Btk 2 71~
7z, GKW OFHETIX, =R (BT - BAKFE - RESMD) EZXIG & L, Hi%E L BT, 7
7 A DERIROHREZR L T D, Cr&Cpld R/ Ly, & R/ Ly, DZALIZ T DT DIRIFEN D
B SHL. R/Ly, ER/ Ly, DWEEZE 2 o = — ADFENRLEI R D, —/r—AIZ 64 27 T 20
RS 5720, — o0 R FRNEICK LT 64 a7 R 2RI 5, EBrT — & 2%t
G LT LT, B ENDREL ONATLEHWT, EARETHIDE M X DR
DOFHAEZTRD LD,

FREOFELE JT-60U O {alsmﬁﬂlﬁ (b) EVFIEH
“SOHE—FKEA LB s %
WCHA L7, A & BT E S o T
S NI S v 27T R S x| os g
RO T b RSO ‘ =

0.5 -1.5

ThHB.ADITNEARE
AR A HE DRI LT oz s od o es or oz 0s 0 0s 007
BENMIEATH, b A K 1JT60U O HE— FEEA & BoQ@fiHe: b ey Fick
& BTk LT, sk W DBURALELHORL 1RO A7 [0 554

v F IO AT W A &

RKOT-FER 2 1R, AR CHRE) S H50H0E A DJ7 THME & (TR E WRLF- R &2 ARk

46



T 508K 1(a), B FITRERT ZNAEICRKE BT RPIERZRZE L T Z ERNbhoTn
1), 2D ADOHMEOE L FH, B & FEREOR TG R CORREEARDOERTH 5
EEZLND,

WIZ, LRLORL AT OFE R A B E A O TRIFHEICKM S D720, TR E T —
HR=2f L, =a2a—TF Ry NT—ZIZKDMWTFE AT 5 2 & TRk e 7T VA REE L
72 JT-60U ® HE— FitEALZ A L BUAMIBHE L., 2 b OERE A HEIZ, 2000 SFEREO
2L TTNE IS LT GKW OFYERH R 2 F0i L, JL8k - B FHERD 72, FHICHNS T —
HR—= 2%, ARG NEOYEE L | K - BT HERD DO DIRETHLHCr. Cp. D
@%%%m?%@&&ofkb\_®%%%ﬁﬁ¢6%1—7w1ykv—&%%%btol2
IRT LI, ZoDREHHT =2 —F 3%y NU—IPEETE TS, £, HBoh
fema—I Ny U= ZHWd & ERFANEHT-V 0.001 FPFEE TIE - & FHIZS
FRNROLETHIT D2 ENTE D, ZHIIEROEIEE T /L & HARD L1035 O T
Hb, TO=a—FNFy NT—7 & HOTZHkE T v E AR 2 — K TOPICS (ZHLAA
I, BESAAOTRFHEICHNZE ZA, ERD A & B OE CHIRI S TN =B E AR O E
w%\%ﬁ&t/%ﬁ®%%mbﬁﬁgﬁﬁf%to

0 7 5
al 10
-0.1
= z 3 & o
= % z & z 1 o
< -0.2 &% < ’ z
e v a 2| o8 < °§
(&} ° ,g.:;- @ o - ()] ﬁ
0.3 @ | 14 g‘fa}d 0.1 o
) ?q:!%m [} °
¢ 0p,=0105| o[s¥ ¢, = 1.72 op = 0.268
V%4 03 02 01 0 o 1 2 3 4 5 D'%.m 0.1 1 10
CT.va] CP.val Dva]

X2 FEICHN T RWKEER T — 2 (fifil) &b == —F b3 v N U — 27 B3PI
% B Ok, X Dol D RIERE A RT,

) SERDOFIAFE:
Za—F ARy FU—7 EZHWEEE T VORSE DR B, 7 05 A OYEED 2
W, LV OFT =Xty MK LT GKW OFEREZFEMT 5, £z, K rko Rk
LEREOTZD . HEHIEERIC L D FERRT 21T 9,

(4) BRVANZESR, TLRARER. WXE):
N
1) Density profile prediction using the neural-network-based particle transport model, f¥%
M f23, A% I, il &3, &H KT, ik FH1E, 4k 2, 20th ITPA Transport
and Confinement Topical Group Meeting, Daejeon, South Korea, 2018.4 (Oral)
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2) Dependence of density peaking on particle pinch in JT-60U H-mode plasmas, %H #&
X, KZ £, Ml &ZF, HH WA T, K HZ, 17k F1E, 21th ITPA Transport and
Confinement Topical Group Meeting, St. Paul-lez-Durance, France, 2018.9 (Oral)

3) Gyrokinetic Modeling of Turbulent Particle Fluxes towards Efficient Predictions of
Density Profiles, ik #23%, A% 7, il &2, 5H KT, 7k FHE, K 2,
IAEA FEC 2018, Gandhinagar, Gujarat, India, 2018.1, (Poster)

4) KiFMAG 2D a7 7T X< ITB T DRI & B 2 T DR IERIT R 2 5%, ik

M #23, A% 5, H B35, HH KT, R E, Mk HE, #E3b 77 X~ - i
A?é%\ 2, KB, 2018.12 (Poster)

5) Bl G 7' 7 A~ 21T 2 w72 43 A T 7= 80 ORI 8 & W ek e 7 Y v 7, B
fe3k, A% I8, H &2, HE AT, R ME, 7k FE, B3 ET T A~ - HRE
TR, KBk, 2018.12 (Oral)

6) JLH L ' TN a7 7T A~ OEE - WENMIRIC G 2 2880 Y v A v @87
fr, BH #23E, A% I, il &5, HH KT, 3k 0z, Mk HE, BARMEERE
74 [FERRZ, i, 2019.3 (Oral)

R

7) Neural-network-based semi-empirical turbulent particle transport modelling founded
on gyrokinetic analyses of JT-60U plasmas, E. Narita , M. Honda, M. Nakata, M.
Yoshida, N. Hayashi, H. Takenaga, Nuclear Fusion, vol. 59, no. 10, 106018, 2019.8
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KEH D v OBEFRETIIC K DEBHFRT 5 XA THERT

PR TZ, M mE AL x
Bk & = L X — WP FEBASEET T IRETEZ Rk & I FEET
St 7T AW el 7T XA~ T ) T T N—T

(1) FABEM:

AWFIE CTIIM R G 7T A= \Z360T 2 8l st | LR O B R 2 B E LTV v A
EEERAY R v A ZL 5 ROt full-f A1 7 —a— K GT5D OBF & H#HEE L T\ 5, FEFE O]
RECIIBEAUEIER GTHD % BA%T 5 & & bICEHTA AU RET NA~OIEEEET L, A4 4 VR
FERBCEREN (ITG) ELIRDOBIE « B F~—27 LA 4 o Rk gk~ F~—7 1
U BRI IREERGEE 5 T Uiz, AFEEIIBAUEER GT5D I8\ CEERAE £ 7 v
DIFREATV, e VO &2 e L 35 & L b, BHA AV RETAZIGH LI VT A
7 2 OR T B E AT (T AR AT

(2) FIRARE-BR:

GT5D @ X 9 7 KR full-f £5 /L CIXBRNET VAHEL L TR LT, %, #ENTT
UBHNHND, BENTT LV CIEERE 25 H T 5 LRI O@EiRE InE (ki#0,
ki - BETIRRIT T H0) (2 K DR A AHEEERA T LT R OFENmR L L TENLD Z
EW, BRI A b, HERBEOBLEOOIEE 2D, TNEMIRT S 7202, GT5D TlidA 7
U v RETET /V[Idomura,JCP2016] % B3 L=, ZDET N TIX, EHERETHRT Vo F
X E Mk & ke# 0 & 72 2 IRl B ELR IS /0Bl L, %38 [ B il o 18 % (K
ET 5, AiEIE k=0 L7258 ES (m=n=0, m: A A X /LE— KK n: bAoA X LE—
F¥O & ky#0 L7250 EL (m#0, n=0) DEIET D3, 1EROET /LTl L4 ik
WL CTRELO A% B EEERHOE FET NV CHRET L2 & T, @A, A XD[alkE & ik
FEEMN. LTV, L LS, sttt 28H5 5 & A2 — K (GAM) &FEE
NDEBHIRBCKTT 2B T INENER S NS 720, GAM OJERRE EBEENMEIE SN D, BT
BWEET L0 ITG SRR R O 2 OB IEO B LELIRE S I L2V 2 &8 B3R
TR EN TSR, GAM 1F UIE LIRFEBRMICBII S NS Z &5, GAM Ao 35 &
DWE 2T O BRI AR BN EES NS jBMEE 725, Fiz. il O ARk fE AT
[Donnel, NF2018] Cldxtiii /L 23 @ Z A OEIEIZEET LV oMmELH Y, ET LD
BERME L 725 T, Zhucxt LT, BRI A 7 U » RE7-E7 L [Lanti,CPC2019] 23 #2 4
ENie, ZOEFETATHEREE MK LT HELY: & RIROWBANE T ET VERET D Z &
T, GAM OIE LWEREE, HEREREHFET L E LI, SmE/LORYFWVEAEEE Lz, 2
DFE T )V CILE T oA BEUA AU ) U ORGSR sy & 2 DS CE T L2810
ZBREEIT O M, RO M FEEFEM GT5D Tl R-Z i £ TORKIE F¥LBL O 22 A K
ERMRREE NI & 72 o Tz, ZAUSxE LT BREEER GT5D Tik Z 4L 6 O RBE R L,
JERRRIANA 7V » REFETNLVENERDONA T Y v FEFET NV ERBEDO X N THET S
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ZENAREE Mo Tz, GAM O F~— RN OB ET VORI HER TE 72, (K1)
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tvy/Ry

¢ 1 ARIRIREE T A MRS 2 MIHER S 2T — F LR ARt o i, PERRR (S-W)
IZHARTHRERDANA TV v RETET /L (old) IFRWERE, muvEERELz RT3, kB
BoNg 7Yy REFET LV (new) ITREVW—HEZ/RT, 72720, BEHREL~UIED
5 b B HL %,

WEAEFE\CBRFE L2 HiA AV RET NN EHANTH v 7 AT Ol Mgk 2 i Uiz, &>
T AT v (Z=74, A=184) DIFLA~DOEFEIL, BEIORIUZ L DREHIE DR T, HDHWE, —
FNX—DEHRRIC L DRI T2 272230 AL I ~DORBERRE N Ehb, X
T AT AR DB 2 BfET 5 Z SIXITER OREEREE > T, L LARRS, # v
AT DX D@ L AR T O FEKFL ZEAKFR IR THEES K E B E R —
HIRREER R D Z LD, & Z A EEHEHA 4 2DV 2 b—y g VTl E MO~ L
FAF—LMEE D, ZOLI) e~V TF A7 —/VBETIE, EEEROMGE, BLO, 77—
1 BRI K B 22 [ O R G &@ﬁﬁXT/7%#ﬁL<&é LMD WEAR R BAERL
FESEH IR - DRERIE Y VN ZBRSE LT, Z ORI FERHE DX 7 AT TR D
BNGE 2 BGRET D 72D\ & > 7 AT > Oy Bk A 2 520t U | 22 das 23 [Hirshman-
Sigmar,NF1981] & o bk 2 56 L 7=,

A EIOfENTCIE DII-D #EOERT — X 2 UL U CERE SN/ N REEE T X — 4
(Cyclone Base Case) ¢ L. 3 FiHD b L—H—FHli#n, ~U 7 A (Z 2. A=4) | k5% (Z=6,
A=12), > 7 AT (R 77 X< REIZXT 5 2 v E 7 /WS & 2 EBREREOFHEN &
zmosz4&wa5)%ahim$77xV®Mﬁ%%mLto__T A A >
B EITEFEED 104 500N bp 5 FL—h—L~YLIREL, ZEI/NIW | L—H—
At R oD B -1 2L B B T I R LT

EZEPERSERRR ISRV T JRTE B Zs ORMI ORI T T cs OITUBEITIERAREL Ds & B
MR Hs Z N CTUL T D L 9 IR S5,

I'cs ~ngDyg Lins — Z LiD ZH, LiD

Z ZTC. Los=nd/Vns . Lis=TJ/VTs 1Tk FFl s DEEAILRT A —H  IREAEL T A —H

R, Fio, BGERGRENIR TE B TR E WBIR T He=1/2 &V fRATAR 2 Ff
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2, ERXNS . M—Y =M ORI E & OB EARIC L AIHIE B 1H) L ET TR~
DFEEARIC L ANF X B2, BLXO, 77 A~ OIREAEIC X D400 ik (6F
3IH) OBATREY, R, XV T AT DX S 70m Z AP OGEITITE 2 THLEE 3TN G
R D IPLRARE DS A & 72 D 2 E 3D, X 2 ERINR TR E AR &S 2 ik
FEtEZMRGE LA R Tl R Z A o~Y 7 AT, 8 1 HOKFERR HDDIZx L,
B LA DK v T AT TIERRIE FE AR )T DARIFERIN 2 E bbb, —FH, X2
FENC RS ET T XA~ IR AR KT 2 B Re 2 MEE L 72 f5 R cid, BRIz k- T
R/Lip=0 (—ERILE) DA L T R/Lw=1 OBEAITITHmE S kN K& KT 5 2 &b
ND, ZOMHTCIE, EOr—RZBWTH GTED & i ZSMEla s B G O MR il s & | —
BT 252 LR TE, ZHA A ROEHEARBAENTER 2 LB 72 1 22 M ok e i
EEBMICHIEZ D Z LI LT,
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of—

— Rollnz=22 o — Rollr=0
2e-09 —— RolLn; =1.5 oo — Rollr=1 )
—— RolLp; =038 0. O

-2-09

sp: W 184

3e-09

%

o5 06 02 03 04 05 06 o7 08
rlao r/ap
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I ADT T A RS540, @) (IR E E AR ST A — 4 RiLns #1714 (R/Lnp=2.2,
R/Lip=R/Lts=0) . (d)-OFXEAFIREABXT A —% R/l EKFMH (R/Lop=R/Lns=2.2,
R/Lts=0) %77, E#E GT5D OFHFEAER, Mot XMt i im O Tl 2 7~ 7,

() SHEROFATFE:

Ltk BAFE 2 — R & HW2 JT-60U/SA FNLIC BT BT E OMGEE S HICHED, £
A AR T T A~ Wik fEAT I3 1T 2 L & Bl ik O BEAER, xhie Lo
B DT, KBRMEELED Y I 2 L—3 g VBRI #ie,
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4) FBRVAMESR, TURRER., WXE):
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1)

2)

3)

4)

5)

6)

7)

8)

9)

Enhancement of neoclassical impurity transport by a geodesic compression effect in
full-f gyrokinetic simulations, Y. Idomura (JAEA), ITPA 20th Transport and
Confinement Topical Group Meeting , Daejeon, Korea, 2018.4 (Oral)

Computational Challenges Towards Exascale Fusion Plasma Turbulence Simulations,
Y. Idomura (JAEA), 13th World Congress in Computational Mechanics, New York,
USA, 2018.7 (Oral)

Status of GT5D, Y. Idomura (JAEA), 4th US-Japan Joint Institute for Fusion Theory
Workshop on innovations and co-designs of fusion simulations towards extreme scale
computing, Princeton, USA, 2018.7 (Oral)

Development of GT5D for stellerator configurations, S. Matsuoka (NIFS), Y. Idomura
(JAEA), S. Satake (NIFS), M. Honda (QST), Y. Suzuki (NIFS), 4th US-Japan Joint
Institute for Fusion Theory Workshop on innovations and co-designs of fusion
simulations towards extreme scale computing, Princeton, USA, 2018.7 (Oral)

Numerical study of impurity transport using the code GT5D, K. Obrejan, Y. Idomura
(JAEA), M. Honda (QST), 79 X~ I a2 L—& LRI 7 A 2018, IR, HAR,
2018.9 (Oral)

Development of GT5D for 2D/3D experimental configurations, S. Matsuoka (NIFS), Y.
Idomura (JAEA), S. Satake (NIFS), M. Honda (QST), Y. Suzuki (NIFS), Kinetic
Theory Working Group Meeting 2018, Madrid, Spain, 2018.9 (Oral)

Introduction of multi-species collision operator in GT5D and its application to heavy
impurity transport, K. Obrejan, Y. Idomura (JAEA), M. Honda (QST), Numerical
Methods for the Kinetic Equations of Plasma Physics (Numkin2018) workshop,
Garching, Germany, 2018.10 (Oral)

Global full-f kinetic simulation of neoclassical transport in stellarator/heliotron
plasmas, S. Matsuoka (NIFS), Y. Idomura (JAEA), S. Satake (NIFS), 2nd Asia Pacific
Conference on Plasma Physics, Kanazawa, Japan, 2018.11 (Oral)

Numerical study of the role of higher order flows in neoclassical transport of high-Z
impurities, K. Obrejan, Y. Idomura (JAEA), M. Honda (QST) , FAUiA® - EibifFEss,
I B, AR, 2018.12 (Oral)

10) Development of the global full-f gyrokinetic simulation for stellarator/heliotron, S.

Matsuoka (NIFS), Y. Idomura (JAEA), S. Satake (NIFS), Workshop on Configuration
Optimization of Stellarator/Heliotron, Kyoto, Japan, 2018.12 (Oral)
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Predictive first-principle simulation of energetic—particle-driven modes in
JT-60SA tokamak plasmas

ETU—4 T RLT R
G = R L — WS BRRE T 7S » FrEZ & IR 90T
Bl B o AT AFGERRRE, 77 A~Hims I a2l —Yva v I —7

(1) FABA/M:

The final goal of this project is to determine whether so-called Abrupt Large-amplitude
Events (ALE), which have previously been seen in JT-60U, may also be expected in future
JT-60SA experiments. This is a unique opportunity to test the predictive capability of the
simulations in advance of the actual experiments.

While exploring the ALE trigger mechanism, we have made a new discovery: our
simulations indicate that the magnetic topology of the JT-60U plasma is locally broken by
some unknown mechanism during the strong wave-particle interactions that occur during an
ALE [A. Bierwage et al., Nature Communications 9 (2018) 3282]. This surprising result
indicates that energetic-particle-driven Alfven waves may cause magnetic reconnection,
which has (to our knowledge) not been observed nor considered in fusion plasma research,
and only speculated about in magnetospheric space plasma research. If confirmed, our
finding may have far-reaching implications for applied and basic plasma physics research.
Therefore, we have changed the research strategy of this project. Our new near-term goal is
to verify the newly discovered Alfvenic reconnection phenomenon and clarify the mechanisms,
taking into account both numerical and physical possibilities. The results obtained will also
be useful also for understanding ALE physics, so the final goal of the project remains the

same.

(2) FARE-ER:
We have commenced a sensitivity study with respect to numerical and physical simulation
parameters. In particular, we vary:
- Spatial resolution (higher resolution is needed to explore regimes with smaller
dissipation coefficients),
- Number of simulation particles (controls noise level of particle-in-cell (PIC) method),
- Ratio of MHD time step to particle pushing time step (so-called “subcycling”, affecting
temporal averaging of noise and wave-particle interactions at very short time scales),
- Dissipation coefficients (electrical resistivity, viscosity, thermal diffusivity).
Note that, due to limited computational resources, this work was performed in part on ICE-

X and in part on the JFRS-1 supercomputer (QST, Rokkasho).
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So far, ALEs along with the Alfvenic reconnection phenomenon were robustly reproduced
with higher spatial resolution and without subcycling, which raises our confidence in the
prior simulation result. It was found that ALEs tend to be triggered slightly earlier when
PIC noise is larger, which is reasonable since the total fluctuation amplitude (consisting of
signal and noise) is a key factor for the ALE (for instance, the wave amplitude determines
the onset of phase space island overlap, which leads to avalanche-like transport).

Interesting results were also obtained from the resistivity scan. It was found that the
ALE amplitude increased when the resistivity was decreased, so that the initial size of the
magnetic islands tends to increase with decreasing resistivity — at least in the range of values
considered (normalized resistivity = inverse Lundquist number = 106, 0.5xX106, 0.3x1076).
Moreover, the threshold in the fast ion pressure at which an ALE can be triggered tends to
decrease with decreasing resistivity as shown in Fig.1 below. This, however, does not affect
the ALE interval (40-60ms) because the larger ALE amplitude also causes more transport at
lower resistivity, so that it would still take about the same amount of time for the fast ion
pressure to recover and trigger the next ALE. This means that our results remain consistent
with experimental measurements, although the simulations may still be overestimating the

confined fast ion pressure by 10% or so (which cannot be determined experimentally).

MHD fluct. amplitude A (t) [2.u.]

n=05x10°

05t n
n

a0 ao 100 110 120 130
Time Imsl

Fig.1: Temporal evolution of the magnetohydrodynamic (MHD) fluctuation energy

contained in the toroidal Fourier harmonics n = 1,2,3 (green,red,blue) for three values of the
normalized resistivity, n = 106, 0.5x106, 0.3x106 (top to bottom). The initial conditions for
the simulations with reduced resistivity n = 0.5x106 (middle), 0.3x106 (bottom) were taken
from the original long-time simulation performed with n = 106 (top) [cf., A. Bierwage et al.,
Nature Comm. 9 (2018) 3282]. The yellow shaded region shows the times where fast-ion-
driven instabilities develop into Abrupt Large-amplitude Events (ALE), which appear as

large spikes.
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We have begun to report the results at domestic and international conferences. Listed in

a separate file are: 1 poster and 4 oral presentations given during fiscal year 2018.

Q) SEROFAFRE:

During fiscal year 2019, further sensitivity tests will be performed and we will try to
resolve numerical problems encountered at the simulation boundary when low resistivity
values (n = 0.3x106) are used.

We plan to publish the results in a peer-reviewed journal and report them at several
domestic and international meetings, including an oral contribution to be given at the 16th
TAEA Technical Meeting on Energetic Particles in Magnetic Confinement Systems - Theory
of Plasma Instabilities, Shizuoka, Japan, Sep 3-6, 2019.

The positive outcome of the present sensitivity study justifies more in-depth physics
studies with the goal of (1) clarifying the mechanisms how the large-amplitude waves break
the magnetic topology, and (2) exploring the implications for magnetically confined fusion

plasmas as well as space plasmas,

(4) BRVANESR, TLRARER. WXE):
ST

1) Magnetic topology change during large-amplitude Alfvenic oscillations driven by
energetic beam ions in a tokamak, A. Bierwage, 12th HEDLA Conference, Kurashiki,
Japan, 2018.5 (Poster)

2) Magnetic topology change during large-amplitude Alfvenic oscillations driven by
energetic beam ions in a tokamak, A. Bierwage, 4th Kyoto U.-UNIST Workshop, Uji,
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3) Energetic-ion-driven instabilities and transport: Multi-time-scale simulations,
validation, predictions and insights, A. Bierwage, 2018 Korean Physical Society (KPS)
Fall Meeting, Pioneer Symposium 8: Data-based Plasma Science and Simulation for the
Computer Aided Design, Chang-Won, South Korea, 2018.10 (Invited)

4) Simulation of abrupt massive migrations of energetic beam ions in a tokamak plasma, A.
Bierwage, Kyoto Workshop on Nonlinear Wave Particle Interactions in Plasmas, Uji,
Japan, 2018.11 (Oral)

5) Energetic-ion-driven instabilities and transport in fusion plasmas: Multi-time-scale
simulations, validation, predictions and insights, A. Bierwage, Max Planck Princeton
Center (MPPC) Workshop 2019, Tokyo, Japan, 2019.2 (Invited)
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