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WICRERL 2 %5 & L TR SN TE - GT5D Ti. HEEER,LICH VTS D~
NVRT v v VEBEHL L TV v A midEBEm R EZFE L Tnd, 2k VMEC @ 3 Ik
TR T — 2\ ZHER T 212X, DVMEC O EESES St &G T 2 WAEERORM, B X
O, DG DIERE ST MVRT v VICEMT 54 02— 7 = — ADHBEBLEL 725
2o DIZOUWTIE GT5D DR R A {1 AR R (R,G,2) 7 & e AT R (@, 0, ) I T8 B L7223,
Z DR DOETIZ ST 0 e w=0 QI WA KRERE L 7> 72, GT5HD TiX 4 KK
FEEBORIEIZES 2 F— A2 DT WD, 0 R F— b & —f% RS R C b 2 g o R
IR\ TGS A 2 o0 Tl 21213, BERHC BT DR 17 7 v 7 2080 Wb b AL
D Z & RSO IR SAONAR ZE AT R AE S b REK 2 5 o0 Tl 2 TR o T, 2
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DM % 5\ i 72 3772 D12, BER BN 331 5 Bkt &R 154 B D5 R 4o % 7 7= L2 B
H LTz, DITONTIE VMEC 2B ) SN DML AT SNT — X 2D~ bR
TUUXMIEBRT DEXMA R ITHER L, WG T — 2 DA 2 —T7 2 — A& LT, 3
WICRESEALIZPEGRE L 7= GT5D OFSEMGEE B & LT, LHD % x5 & 3 5 i Ze s i
Z9Eh L. LHD (23317 % FEBRAFNT CAEYERYIC R & 4L T & 7o KIRBIE Ze Mk fg b - = —
R FORTEC-3D &ﬁﬂﬁﬁ%%rﬁx L7z K212 ORF~—7 HETH LN R RKOR;
IR, BLOL ZEMNMERTR, 2O0a— N TERMR B HR TE -, KRSk
2 b BRSO DR ZE AR R I OV T b E B — B R T & 7=,

_(b) ' ‘ " GT5D ——

I, x10"® [1/m?%s]

T, x10"® [1/m?/s]
o =< N W B~ 00 N

0 0.1 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5 0.6 0.7
te p

X 2 : LHD EefZiZH51F 5 GT5D & FORTEC3D D22t~ F~—7, (a)lFhi 1R D HEH
AR L, (DIIEFIRREBIZI T DR A RO ZEM A0 2T,

(3) HRVAMESR, TUARR. RXHE):

1) S.Matsuoka, Y.Idomura, and S.Satake, Global kinetic simulations of neoclassical
toroidal viscosity in low-collisional perturbed tokamak plasmas, Phys. Plasmas 24,

102522, 2017

2) S.Matsuoka, Y.Idomura, and S.Satake, Neoclassical transport benchmark of global
full-f gyrokinetic simulation in stellarator configurations, Phys. Plasmas 25, 022510,

2018

3) Y.Idomura, Y.Asahi, N.Hayashi, H.Urano, Full-f gyrokinetic simulation including
kinetic electrons, Proceedings of 26th IAEA Fusion Energy Conference, TH/P3-1, Kyoto

2016

4) Y.Idomura, Progress of full-f gyrokinetic simulations including kinetic electrons, 13th
Asia Pacific Physics Conference (APPC13), Brisbane, Australia, 2016

(4) SROFIATPE:

AAEE RIS U EAE R GTAD % & HIZEMEA A RICiE L, JT-60 12815 NTV
DFRHT, HDWIE, AT T L—XIZBIT 57T A<l it i LT,
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B S BETILERW-IERMAZEDY I 2 L—L a3 VR

RA HEdE
Bah & = L X —WFFERISE IR N PrEE R E AT ZE AT
BRE I 27 LWFFEBH 3

(5) FABM:

WG UiAD 77 A= B\ T T X< 810 OBE MBI 18R V= E THULEA~MEH) L.
HLER OO FEFIREE /3 AR A3 RS AN £ B o bl 0 MHD 23 JEL0ER O ik FERER AL kY
H—\Zie D BB RPN T 7 A< ISERBH S TWD, —JF, 20X RB%E Y
Ral—valZBWTHEL, ZOWEEEA A O LRI ETO L 2 AHRE
STV, ARBFFEO BRI Z O X 5 RIERFTT 7 A~ IWEO—Fl & L TR O mANC
P 7T AR COEIRE EAOEELZ I 2L —a VBN THZ L%
HOE T2, ZOBENHOMCRIE, e b & ICFRFIZRBT 2 EEE N L0
MZ & D REHIERA TR O BRR-CBIEINE 2 R LI-IREE Y 7 X~ i~ IS AN Wi ¢ &
Al

(6) FANE-FER:
INET, R4F a— F @ HAFMHD ©5 V) 2RV CEIEICEE Y — 2 &ZHN L,
ZHUC KD FERPrmE BN L, ZRRFERBE—RFTHD m=1,n=0F— F (ZZTmlL
AarAZVE—FR nldhrAFVE—RERT) CERTLHIZEAHLMNCLE D, —F
T, Vx A afika— REHWTHELGHIZ 705 ITGERY R =2 L—3 3 U EITWVD, IE
JRFTEE 2 FHRT2 2), T OHA . IERFTERE BN ST, BENCE, A A RS R
b L. ITG ELiRORhE SNBSSy, RFTSERICE EE0 . 27 01 U REO L bIX
L2 DR oTz, RFFRIZE WL, BEY — R LRET V7 OFEWRIERFTEEIC S0 X
DB EH X DR DT2O REF a— FEBH¥ L, BEY —ALEARES 7 2NA,
HERFHRED Y 2 2 L— a3 v &1T-72 3), ITG GLIRDOEE L1872 0 BRI DEAL
TSN RAF a— R TiTolmv S alb—a Ui REBRDIELI BN R L, V—
A, VT ETAVORBREED D L L HIT, A A VIREREZE O R6F 22— ROBAFICE
FL7, £72, RSF a— KO&Ky NARy MEFT 2TV, 23— ROF 2a—=0T7%1T-7,
B TIZERIRDEEE Y — A LIRS & 7 Z A A~EIN L2 & & DIRES MO REZ RT, Y
— ALV ORI RE S EESEHMORREF T, EFRELZELMAT 52
EIZROPNEEN ERTHZ LA LIER, ZFRUIEB L oTe, o, Y—REY
v BT, AIIIRES S E L CO BTN SN, TaiTo7-L 2 AR
MY == S, TR MOREZGISEZ LTS Z LB LT,
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X1 ERIROBEE Y — R LIRS 7 ZHIINE OB IR A ORI, T=13000 T —
AL AL T AT FD%, BEIRESMITREICE S CEX),

1107 : 2510° : :
—me==0(0.2) % | === 0(0.6)
A 210% . i : .
510° ’ \
‘l
T=12000, W’ 1.510°%
g il g -
§ o e 7 s NF
5 i @ Py o ’
© A s S 110°
i i . "il‘
510% ‘E { b 'I 'f
'..l..' 5107
Y ¥ |
1107 & T=13000(cf T=1200000m @ Q_,,--"m
110 0 L __on ol
-0.004 -0.002 0 0.002 0.004 0.006 0.008 001 0015 002 0025 0.03 0035
-dT/dr(r=0.2) -dT/dr(r=0.6)

X2 BT T w7 ALREABNMZERICBT S 27 > 2fhfR, T=12000 TY — A L v
YU EHENL, T=13000 CZNbHE A7, KEFEHEI D IR 2T\ D Z L3 d,

X 2287 T v 7 A LIREARNMEZEMICB T 5 27U v A4 4, B2 isos
OEAITER EE2E 1T T THh D03, BRI A i VT 5, FER AT O IEEZEIL &
EZzbhb,

(1 HRIRAMZER, TURER., BXF):
(1) M.Yagi, N.Miyato, A.Matsuyama, and T.Takizuka, Nonlocal Thermal Transport to
Edge Perturbation in Tokamak Plasmas, Proceedings of IAEA Fusion Energy
Conference, TH/P3-21, Kyoto, 2016

4) SEROFATE:
BB AEIT o 126 FDEOIREN B35 72121%, FONEVE FIRFZAT 5 BERH

L Bl ab—a TN A 52, TN LIERICEZICY — A&7 %H]
ML TEY, FOMBEGITITAT > TR, HLiEE &8 TITW, [RIRCE G 21T
ST EI NI IREETHNE R T RER S L, Flo, VY — AL v 7 [THMICHE UF
RTHZTWDIRRL Y hOT T L—3 a3 VROHANRTIZE DA A MDY EEFE & S L
TELT, EBREDHBOTEDIZIXILRDIETVOEHEDBLETH D, 5%, ZhHEHE
ELTWSFETHD,
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EFHRIBESAEICL DEEANTFRE=S2 ) VI FEDRAR

e %
Sl AWV S e 2 i S N (5 & e S I S b 5 S
TBCE HR A W s FAIF 2 08

(1) FMABEM:
L FRIBRICB W TIBR A BT 588X, 77 v 7B — ([ & BN —%7 25 L 5 Ik 1
FRDOAFT =X N F—ZEIRT 5, Ll BSOSO RENFICL > TT Ty T E—2
NEPES HENC TN D ATREMEN B 5720 R L N7 T v /S — I \[EE T =4 U
T D FESE IR ST 5,
Fex O T N—TTIE, RO B S5 =3 L F — DRy (30~100 keV) X ##
ERIHT S, ME ORI THE=F U > 7 FEOHRBEREED TN D, AL 22 FFE |2 FHE
AEIFZE 2 B AR L. SRR 25, 26 4RI KRG RS FX900 # R L CHEM LT T Hbmr &3
2 b= g UKo T RLFRIAHR ©— L 08U & i S X B FERG S, ZIKEFO
HEZIAE L CTRAET S X (CREFHBNEN) ThoZbaREibdlz, 2o X#K
TR TH D120, IBEEIT> TWDESICEDOHEORFHROE=4 1Y JIHEHTE 5,
Flo, AT —PNELS, WEBa ) A—F 2 H WA A=V 0 ZIEE TR S ICHBILTE 5
7o, IO B AR TE L LW IHIFLE L H D,
Alal, ERAMERGEOT=OOMIEO—ERE LT, Erh— B XEH A T8 DR -HRrOKH
RO B LT EME 2 ICE X 2RI L THRET L7,

(2) FMARE-ER:
£ T v aE 2 — K Particle and Heavy Ion Transport code System (PHITS) version
2.96 (T. Sato et al., J. Nucl Sci. Technol. 55 (2018) 684) #HW\W T I = b — 3 v & FEhi
Lo M1IZ¥ R a b= g BT 28 FAREOR AN 279, a2 b—3 9 VRIS
EAJEAER A ER L. FARUEFHIKZ 7 P A& RE LTz, K77 b AIE 20 em X 20 cm X
10ecm ORIFDZENTZT 7 VNVBEOERS (BFEROE ST 0.5em) & ZDONEOKNLHY | &
O3yl BICAIET D2 XD ICAE LT, K77 P ADEEIB L TUN20 em X 20 ecm DOHEIIEE
NI xz2 B X xy FlIC AT T, Il L OKIE O y BT Z I y=—-9cem XY y=9cm
& L7z, Kol x i b —H S8, EITHIE xBoEDORE & —HSE,
K77 FAPBH 100 em BENLZAZEIZ 1 BOE U R— AT XA AT % z4lix LT
4 IRFROTGIRZ RO L D BLE L7z, 20 X0 A ZI13ER 0.16em, BINA £15° OB R
— N b O T AT RO E . TOPEICEE SN2 2 cm X 2 em X 0.1 cm DOHRAIRD
HRV=UL - TNANI=ZTL-TITUL-T—%v  (GAGG) Ffar bk D, GAGG fiidh D
Hiof 1.57 cm x 1.57 em % 0.1 cm OFEIIT 32 x 32 HO Y7 B /ATHEI L, K- HRELRD &
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gt SN B HEEN 2 o R — AR a ) 2 —

2% LT GAGG #5fh Licfite 4, £E7 ¢ Y
/LT 30~60keV DT R/ F—(1 5 OEGH &t —— S
B9 5 Z LA Lo TREF-RR IS A 1ERR L=, : ‘H

V3o b=y a VR FREOER R (RFE g
A F ) O FEEICOWT T 7. B Ffic o
VT 100, 139, 171 MeV @ 3 -, ERIFHRIZD //

WTIE 218,249, 278 MeViu @ 3 SD AT /L ’ E > rk— L8
X —lZONTHT o T2, 28, AHBFHITIEIC T X@h AT
2.22 x 1011, 3.46 x 1011, 1.40 X 1011 &, AKfRFE
A F TR TOAF =R L F—T 4.7 x 101 {F
L L7,

X212, YIal—varickvEohnizhit
HREG 2R T, B, BRI RO MEHEIC OV T, KO 2 fICE 52 TRV, £72,
TRNAF—OEACI L) E— LR OR S OE L iT- & 0 EEBIZHNTND DR DND,
7 ENHTE0DOH T S OFRKMEX, B T~19 [ Th 2 D%t L, BERLF#RI% 480~
680 flHl & 72 o7z, ZAUE, BRI TERREABROIE DN, A3 AHHT D O ZREFH
RN ORAEBNZ N LB L T D,

-

M1 vIalb—a Bl bKk77
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D11, 218, 249, 278 MeV/u OFRL FHROFER, TR LHEHRITZNENKT 7 > b A
DAFHE T T v I — I B EET,
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Al AR — A X R AT & T EEST F N X 2R #R O g o "TRENE A4 E
YTANEY I al—ra AZKDRHME L, XA A T & A CORA BB A Bk T & 5]
REMEN D D Z & &R Lz, 15Dk RIE, i #iaii ek COM L 72 FERFER & & b2 3K
DFFITE Lo, EFfamGEcE sz RV 2 b 1-3), £/, ARAEICONT 2 7
DT VAR T2 (Y A b 4,5),

(3) HRVAMESR, TUARR. RXHE):

1) Mitsutaka Yamaguchi, Yuto Nagao, Koki Ando, Seiichi Yamamoto, Toshiyuki Toshito,
Jun Kataoka and Naoki Kawachi, Secondary-electron-bremsstrahlung imaging for
proton therapy, Nucl. Instrum. Methods Phys. Res. A, vol. 833, 199, 2016

2) Koki Ando, Mitsutaka Yamaguchi, Seiichi Yamamoto, Toshiyuki Toshito and Naoki
Kawachi, Development of a low-energy x-ray camera for the imaging of secondary
electron bremsstrahlung x-ray emitted during proton irradiation for range estimation,
Phys. Med. Biol., vol. 62, no. 12, 5006, 2017

3) Mitsutaka Yamaguchi, Yuto Nagao, Koki Ando, Seiichi Yamamoto, Makoto Sakai, Raj
Kumar Parajuli, Kazuo Arakawa and Naoki Kawachi, Imaging of monochromatic
beams by measuring secondary electron bremsstrahlung for carbon-ion therapy using
a pinhole x-ray camera, Phys. Med. Biol., vol. 63, no. 4, 045016, 2018

4) (P AFE) RFRRIEEICSL OB -7 B — AT HULIEZ B I~ BT L 2 WO B FRse
BERL OB E A A4 v 2 A LTl ~, | R EIrmFIEB 58 pAsE, 2018/02/15

5) (FLRHEER) KiAHD “UTNEA LA RIS 58 FE~RYNIh > THAE
5 HE RIS E B ~, EFREEBANI LR R, 2017/03/28

(4) SEROFMATPE:
FOESRAN AT (AR Y A—AR X EH A 55) %5 LT, k0B S
S AU EBNT G AR OB OBENFTRE L 725 = L NP SN 5. A% . ICEX % FH
LT, ZOEBRMREEELRTFTLTETH D,
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Delbriick Scattering Calculation

James Koga
T — LREBRIT BB
BT RHRRFTEE mRE L — YRR S v —

(M) FAEKN:
We wish to calculate the scattering cross section of gamma ray photons off of nuclei at
photon energies around 1 MeV with high resolution in angle and energy. By performing
such a calculation we will be able to determine the photon energy and scattering angle
regimes where the vacuum contribution to photon scattering can be isolated. This would
lead to precise measurements of the vacuum and the possibility for the discovery of new

physics.

(2) FIARE-ER:

We performed Monte Carlo integrations for equations of the differential scattering cross
section of Delbrick Scattering. We surveyed various scattering angles, photon
polarizations, and photon energies. Via these results we have shown that linearly
polarized photons irradiating materials having sufficiently low atomic number and photon
energies to avoid higher order corrections with polarizations parallel to the scattering
plane, can be used to measure the vacuum contribution to the elastic scattering, Delbriick
scattering, with near isolation and high precision. With such precise nearly isolated
measurements possible deviations from quantum electrodynamics predictions could be

seen with high flux linearly polarized sources indicating the need for new physics.

() HRUYRMESR, TLAREK. RXHE):

1) J. K. Koga and T. Hayakawa, Possible Precise Measurement of Delbriick Scattering
Using Polarized Photon Beams, Physical Review Letters, vol. 118, 204801 (5 pages),
2017

2) TUAKE BT E— AR 2017/05/15 Koo & O BAEFH ORGEFIEE R
- w20 A TR L 72 BLG 0BRSS S S -
http://www.qgst.go.jp/information/itemid034-002196.html

4) SEROFATFE:
We next plan to do the next higher order perturbative calculations of the Delbriick

scattering amplitude.
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TILVIEERES =7y FEAV-L—H—MEDOPIC>Zal—Pay
PIC simulation of laser ion acceleration with an aluminum foil target
SFHOFIE
BT — AR EERM BT DR RSP
S FRMEITEE SR L — PR E s e — 7

(1) FMABEM:

L—P— A FVIMETHELNTWDEA A O F—1F, ZDEISHI ﬂbfiitﬁ<
A A DET ANV AP BEERETH D, MRV —A U AERT DI, B
LB —Y—FHWHZETHRETH D, UL, BUERHATEER L— W —TRE X, B
BET DT, BISHITREERDIET R A A ZERTHITTEEELS, £72, mlE
L—HF—Fax MUIZLIEFICEMTH D, £ T, DEMICHEHZRIAX BT (142) 24
T HGEMEEY I 2L —va iDL, KVERWRED L —F—T, Xh@mhmxL¥—
DT (A AY) ERAESELGUEEMATLZENEE LD, o, L—WF—A F T
BIRRFE X OVEM D IR I CThH D720, %%tffﬁ%ﬁ%&@@ﬁ%ﬁ@o@il%f%
By FIT, avba—F—3Ial—ar2HVEBS AL RanEEE 5,

BE, BAFEYERMEIFZERTICR VT, HiL—F =3 AT A TH D J-KAREN-P 3 5#+H CTH 5,
ZIZTHEH, 2O LWL —F = AT AL DA A IO 3IE PIC v = L—3 3 OGS
EET D,

(2) FARE-BR:

RIS, EBRERE VI 2L —va UIEROREEZRT, KFEIX. BL—Y—Tbhbo J-
KAREN L —#%#— (H1/1=196 TW, #&E=2x1021W/cm2, = %/L¥—=7.5J) % 0.8um JED
TV I 45° ARTH D, K1 IcH —F v MEKERT, ¥—47 > bEREIZHE
HICHWERORBAIE L TRY, SHICE0 EICKFOENERSNTND, K21 | Al
V3o b—ya UEERERT, WrmEsO BB THES IS 0&2 1y R LTERL
TW5b, BFiXZO VX —HTEZTINTEY . RW0ESIEEm=RLF
—ThDHILERLTND, S THLNEBFT R L¥—=38MeV, $tr4 K1 Target
T3 )LF—=13 MeV/u : —

-~Laser ; I, .
TV, ERTOMNEE - pulse . “'Alions | €rema— 13 MeV/u
TLn<i 40 MeV, 16 - \‘ - 1 : Feions |
MeViu Thotz, I = ',‘"“":"'%- A - 7 O e ; [
Ve URERIIERE - : ? ”é ”‘; tons |

| 3 | rowons |
LR BT, -— i Ruflected g g c = 38 Mev

t=0" e t=1337 " _t= 333fs Rt

I2JKMEN%%®/\:V—79/F%
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wIT, (A U %ERR L o P,

b L= F—T T oo T = . MW
| - T _
» 5 J-KAREN-P 1 | ¢ ol Al ions _ Fe.max. ‘E: u
- N . Feions
ERMWTRBL = - QP e g W . .
BEHEOYIal— - Thﬂ I T fizﬁ [
CaERET B e 3 Protons
. ffbid, L—y oo —fgl -Reflected B | o S e
t=0 - =133 t=333 fs - Tpmax S

— % J-KAREN-P o —

(HiJ) =783 TW. 3 J-KAREN-PAZHWHEOTIab—ra Tl
FREE=1x102 W/em2, =R/NLF¥—=25J) IZEHELSMIEEFRLCTHS, K3 Ialb
— v a UiEREZRT, JJKAREN-P % 0.8pum JEDO 7 /L 2 JEREIZIBE L7254, ok —
=89 MeV, #A 4L =3/ ¥—=35 MeV/u DA AL NELNDHLEDY I 2L —r 3 Filllx
mLTz, Z—7» MZ CHe, HiO FDKFEEZ L GUMELZMNN5 Z LT, J-KAREN-P Tix
K#J 160 MeV OB 03MG 65 Z & ZLRETIOMZE TR LI, &R% —7 > M, M= /L¥—
BT & WV O BRI DITAERI T AW E S 2 5,

AHFZEIZE D, PIC ¥ 2 b—a Y CRUBMENGOND Z EBgnol, iz, O
HORFRIZ I D HG A TR LB A TRD -, EHI1Z, JJKAREN-P L—# =2k 5=
L—ya rTllER LT,

(3) RBURNESR, TLARR, BXSD):
pRTR

1) SFH I, iEE2HW L —F—A A IEHO PIC ¥ 2 b—3 g, W BEFE—A
BT R L 2016, KB, 2016

2) T. Morita, Proton energy behavior by variation of the target density in laser
acceleration, Physics of Plasmas, 24, 083104, 2017

4) SEOFIATFE:

INETORREEENL, LV EZRAX—DOFEMERA 4 v B — LRSS O % i
D5, BRI BV T, J-KAREN-P Z WA RS RV —D A 4 Ak %
RHTHZENEEHREE oo TND, BTFNAX—A A2/ D 0L, a2 &0
ABREETH S, PIC I alb—ra T, BGE2 L0 IEMIZHIIL, ElRA 4Oz xL¥
—%E LT 2121%, 3D FHAENKETH 5, 2D FHHEICH~, 3D FHHE CIIRTNHZ 5 2
LT LY BRI E HWDRI RN E LN 5, EhiC e bR, MBS T 5 REE
FUIHR L, @mWEEENZAT 2 KRG EMA LI L 725, £z, Z< OFERR b L3 L
2o TR B, St KAGFHEA T 3D KB E R 2 %0 L TIT< TETH 5,
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(1) FMABEM:
a. g MoS2 D& L — % —I5 1 T S 2 IR A ¥ 0 —#liEE BAE R OfighT

AW T, TERE CPUEHEAEIC X 2 RCERIERF & LTI SN T 5 g MoS2
DY 7 fs FHICHE & 2 & EIERIEBLG O &S ATREME A D,

ZOEDIZET A B AER 2 ZE LI ZREHERE 414 77 A3HHE a2 — N2
BT D, THUIX 2 AY ) = EfEoT=, #]8TO non-collinear 72 [EKE X A F I 7 A5t

Beld,

HiJg MoS2 (258 L — W —45 4 B U 72 RRICERR RO b FREA~ &L B S D 2R RO D
L— =BG A 6 & L, SBESE L0l VA ATRE Td 2 MR 5,
b. YEAED L —P—INTIZBIT DX T A UL ZABE O - SiC DI TEMEAL T 20 H o fif i

JUNRKRZFZDOR T V—T" & DILFERFFEN S . NV ARRZRE L2 T ARG XY
SiC DI TN EED Z N LN E o> TE T,

KN TIE =D H DOV ABEROEFIRBOAPIMLBRICEZ 20 REH LN ET DD
LEHBET D,

i#ﬁ%ﬁﬁ#%ﬁbﬁwZNwz%%%Vi:v~h#éowm RIS IET D
Tz INHEREL, 2L —Y—%RBETLH L T%%Eﬁﬁ?ﬁ@ﬁ) ENTET AT D )
BT D,

(2) FARE-BR:

Spin-noncollinear 72 %R - RefElfkfFa—r v AFRAGHE 0 77 A2H% L, HE
MoS2 DI L —F—IEE DY 2 2 L— a v &{To T, ORGSR afs ORBE VA L—

—IZ LD H ZmIE S L — Y — L mE R AR o TS S o FR oo 7o, BIfEFERR
BEILT T URICTT-TE Y, SEMOFEHEITIEZ 720,

3C-SiC DX TNV ABFIZ L DEREDO Y R 2 b —ya v &a{ToT-, XTIV A
S ORFEZE TR £ 2B M £ PRER SMER THILIEZE 526 F FNTO
NESE= RN — LB — AN BEL AV TEFRELZEINT 52— REER LT, TOkE
R NS TR BhEEFE & 72 D L — Y —FRETO 1 7V A TIRAEFL & &1 DI

WCREREHERH V| SIC TIEEIRENELS D ENnholz, o ETZEILENE
MO Z AW AR DFT GHEMAERZHIELE L7 2 SV 2R I 2 L—va v
ATl & ZA, EFELIREMROVEEFRIEDRD ERDENP SN o7, ZORER
ISR, 77 A VIRBENE FIREICL > TEMT L2 ERRELTWD
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ZENGD o T, ZIVUTANE RN NSV RECETNET TS 2 L CIITHRETE R
WINEL 2D 7T REAREEN ERHFICHE LTS LRl S D,

UL EDOFERNG 2 7V ARGHTEFhERNEZ M ESE 508, EFREAHIECENIZES S
R HNFROM ENRIAENDFERHALNE R ST,

(3) HRVAMESR, TUARR. RXHE):

1) T.Otobe, Analytical formulation for modulation of time-resolved dynamical Franz-
Keldysh effect by the electron excitation in dielectrics, Physical Review B, Vol. 96,
235115, 2017

2) T.Otobe, T. Hayashi, and M. Nishikino, Effect of plasma formation on the double pulse
laser excitation of cubic silicon carbide, Applied Physics Letters, Vol. 111, 2017

3) M.Nakano, T.Otobe, and R. Itakura, Anomalous photoelectron angular distribution in
ionization of Kr in intense ultraviolet laser fields, Physical Review A, Vol. 95, 063404,
2017

4) H.Akagi, T.Kumada, T.Otobe, et. al, Isotope-selective ionization utilizing field-free
alignment of isotopologues using a switched nanosecond laser pulse, Applied Physics
B-LASER AND OPTICS, Vol. 124, 14, 2018

5) i B, L—F I H L EMRICI T DR REIR Franz-Keldysh #5552
Y7L /w;/f V~#~ﬁf§§ Vol. 45, 226, 2017

4) SEROFIAFE:

PHERCHBARRE COMEE BB LOEFRED~ 7 oo 3O EEZITV, ThEd)
I & L FEV SRR 5, 2RI X0 TR SO TIERAR O FE & 2 O akE
FREBEAELSHELNNCT S Z 2 AT,

T REIEIT % B U 72 BRI RN 7 B SRR S AL 5 o IR 130 38 O S CIE A 72 il
BEHAREICT 2 Z e lifF SN D, ETIIMBE S TOIELSMES I 2L —va v 2 A%
ERE LTIV, AU REREED B O ATRetE 2 R D,

HE MR O & 572 DILEEZ X H << BRRIEIERIEM B Tr-DFKE O&HHR %17
9. TOBITH E 5 ORI m iRl FEAE ORI O W THRHT L. B2 22 6 2l e o Tl
> HET,
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ERFHRICEL D DNA BEOYERES I 2 L—2a VR

A s
BB — LRERIEERMT B R AR SERT
B AEMBATZER B DNA {87 1 — 7

(1) FIAEM:

BRI R K DB AIBEITEWVIBRDIREZ B LR MbNTEY ., Z0HEBO—Er T A
4 —DNA HEZELNDL EEZ LN TS, LxLANDL, 7T A% —DNA 81504 sl X
Sy TR, ZOER S UL, L0 EWEEDRE L OB ATEEDEIEICDRNDH DT
TV B2 vIalb—ra rTREMTOZ 7 A% —DNABEOESEH LT Z L%
HiEd

7 F A% —DNA GO E 3 5121, DNA B LM 04 & R~ 5 0313 8 5, DNA 15
X, R RC K D ERERECRAT S ZIREFOEBMAER, KOTRET LK E O EAE
AMNGAETTE OH 7 VM X DMBHEERNLA LD EEZLTEBY . ZO0MmIE KET
MED L N AT L0 PEETHLHEEZ, ZOEIBHOV I 2L —rva VBT AVHBEEITH
NP N Y i

R AREEEREIC L D ZIRE T TR, BIHROS T A A EAERT D, 2051 A
T DRI EBEICART 20T, ZNHDA L PMED T v I RT v v Vs RS
DEIET LOTERNEEZ, ZOBLOXELZBE L _KETOEHOT I 2L —
varvETNDOREEI T T, ZIZT, NI v I RT Uy bR, BRI CERL RO
WEATICAE U DBHEMNMEDRT v LD L Thb, TOME, ZORBT, FEFITKEN
TENRTIal—yarTPHITEL, £22TC, ¥Yalb—a VORYMEREET 5720, b
T I RT Uy VOEBEOWIEEIT o7, BT, ZORBORKEI N L AR LB
Pe#L L 725 C[Nucl. Instr. Meth. Phys. Res. B193, 661(2002)] #¥ R L., Fix D I 2L — g &
Z OBRIE & O AT - 72,

(2) FARNE-BR:

T I RT T VIR TIREF ORI EE 5 2 DBENFET 212 0hb b7 1t
KOV I2alb—va BT ATIIHOBRY, FT7 v I RT v VB AN b DI D>
oo DD, PEROY I 2 b—3 3 VTR KRB FIIASR A ROBENSHND — )7 TH
Sz, ZZTHBEELEETAVTIHEENIREFILINT v 7R T Uy VICHEI L, BV,
BB AT TR X — 2B 535,

e LW Ialb—ra BT AT OO FERRIEEEIZR D XD IR FIZHMm S
H (PEROET N TIHEMITER ANV N . GDE %~ D5y 1125 L TASRL 112 X 5 fif
ZEmFE A B P, QDA L7l 2 O “REF Ll x OB (A A2 Lo ZkE
1) Loy —aMAEEREROE S, 207 —a FHEERN T v 7 RT X Vi b,
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FTxDETNVEMEM LI I 2ab—v 3 VIFBEDA—"—a v Ba—F—%2 L TH 1
DDA F B OWRER N5, Thebb, HEROET LV EHE L T2 1970-80 F{Rod =
Ea—d—THxDETNVEMEMN LSS, FHEERNEND T THIRICR LRV EERD
ZEIMNTED,

R BIRE S5 SRR 04 S ERL-OWLE ECEB S, 2L 001t A AN b
T I RT e NERKT D, M1 NT v IR T X VEEDBLOBELZRT, 20O
D, BT/ r BT 25 Z ERbooTz, T2 Ty Gie r Id. TNENA A 2
EHETIRRE, ASTRLFOfuEN D OEEFRHE A RS, REMPMEDLELIL, /A IZHET 50
T, ZZTCHERKLIEESIL. LITREND L OICHEME Y b REHEICERT S22 L0800
S, ZORBEBNCEVEBVWCIRETVDEDICNT v IR Ty MZHEBEIND EE XD
ZENRTEDL, ThbL, NIy IRT UV AREBOIRESEHETE DB ZEEN
W BT LT,

X 2 Tldoinm P E LTDO T v 7 RT v AL OBHIEREZRLZ, FT v 7R
TUVXNEEBLEGAEER LESED r= 10 nn (2 IREFDEIET D50 LA H
RIHYTH, ZIC, riTEAAOENSDOEREZHRT, r=10m Tr7 v 7 KT

X NONRITNFERL D T L IIMRFE A TH D, M2 b, BH#ERT, 12X, Jo, 12

n

KHHlT 2 Z L onolz, 612, ZOREIL, ik OBHEOME R & Bnw—%%E2RrL, &
Sal—YarRNEFICEELTWAZ ERMEETE, K2 Tk, Ao xL¥—

(E) % 500 keV/u & L7=2MN, KiFDOZ XL —NEL->THZOBBRMNIRY.THZ L bbhno
7=,

1 N T T
M
0
i\t
iy N
# X
Ay
(e
H ©
2 L3
ﬁ‘
U;'mr AY
\
01 1 10 100 1000
AFHFOHE SO EE() (nm) -16 2
") (nm O, (1016cm?)

X 1 o, KT DITVIRT VY LE X 2 E; = 500keViu O AFRIF 2% LT
R+ AEE L r L% o, = 3 X10° Gion & _REBEFDNT v I RT U ¥IL
15(A), 1015(0), 4x1016(0O)em?2 TH Y | N OFHfERORLE : Ol Fexr D
SR U (23 2 Bk, SRR BT O 2 b—va URERD Ao, 05 KT,
B (c1/2) #FET,
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(3) ﬁE%UXI‘(%z&jDX%i WX F):
KYRF

1) K.Moribayashi, Simulation study for the motion of secondary electrons into materials,

IUMAR-ICAM 2017, F# KRS (ERH) , 2017 4 7 A

2) K. Moribayashi, Role of ion impact ionization cross sections in the irradiation of swift

heavy ions into condensed matter, International Conference on Photonics, Electronic and
Atomic Collisions, 77 X (A—A 7V 7) ,20174 8 H

3) etk fEE, [EAAVBIICLD T T AYERET VDY T AKX —A F 1 ~DIEH] |, TIA
BT 0 7T ARRHEEFE S AR DU LEMERIIE R 7 T A — A I B — A<
R, Z Ry (<X , 201749 A

4) FAR EE, TEA A OPEMET TERT D T/ T T AHFOBEB ORI ALFXF—] , H
AW 2017 ERF RS, BT RY M) |, 201749 A

« BR3CY A B

5) K. Moribayashi, Simple formulas for heavy-ion-irradiation-induced electric field, Nucl.

Instru. Methods Phys. Res. B, vol.408, pp.241 — 243, 2017

6) K. Moribayashi, Effect of track potentials on the movement of secondary electrons due

to irradiation of heavy ions, J. Phys. Soc. Jpn., vol.86, pp.024301/1-6, 2017

7) K. Moribayashi, Effect of the track potential on the motion and energy flow of

secondary electrons created from heavy-ion irradiation, Radiat. Phys. Chem, vol.146,

pp.68-72, 2018

8) K. Moribayashi, ‘Proposal for experiment systems using laser driven heavy ions and

XFELs to understand physical phenomena occurring near the incident ion path,
Proceedings of the 15th International Conference on X-ray lasers, vol.202, pp.121 -123,
2018

(M) SEROFATFE:

BAEDY I 2 b—ra BT /ME, TELMRVBLIEICELS T2, nlafliod, 2hR
MAEAMEH L TWDHT2D, DD :<<ﬁofw50#@b%\ﬁﬁ®¢mbt%7wiﬁﬁ%
—ThOHBHETHZENELY, 2T, XV A RMUTKRDENT v I KT v LOff
FRE Y Ialb—vara—NIEATII E7ARDNYRTRY | FHRREH G FEHE T
X5 B2, ZoOMEREZEALTa— RE2EKRL, Z0a— RCTHE LR EBIED=
— ROREREZ T 5, SHIZ, ZOa— 27 FAZ—AF v — A% EUV-FEL 7 PHEx
RETE—ABERAMEOHT NI v IR T U VERTT A ET VICHB L, N7 v 7R
T UYL ERMEE (=L X502/ A) OBIROMER 2 BiET,
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REERSDFOBE. AT IVABRDOLODIIaL—2 a3 VEMORKEEE
DRT

{T8% 5. Li Zhenhai. Luo Di
BB — ARVEIF TR B R R SE AT
B EMBLEEE ARy e —yva s —7

(1) FABM:

DNA o#ir% | i B, Az id, AmEEORBE2RTEHLTH L, £ N EED, BEX
AWD DNA X, 2EE A — P2 ks DNA DERHEI 7 e OOz 37 MK
ENTND, TOWMENTAEEDOEARBMNIEEN X7 LAY — LA ThDH, ZOX7 LAY —A
MG, 55, R BE, MM R EOBRTHATNELZEZ D, EIN7ZY LTS
N, TORIEEILIL Do TRy, AV 2 lb—3 3 T, KB CHRENICHENDS X
7 LAY — LR OE DA FER OE N DIEIE DR EMECALE DI ED X 5 7iE A2 A L
TWDDONHGEMNTT 5,

AAFFETIX, FIZ, X7 LAY —LEHRLTWHE R N Z 7 E o N ORIBER O E
LALFEMDPEE I EZ DA /37 MIZOWTHN D, N RigfikoK 30 7 I/ BRIKIEER O
ST AR TV EMEEN, SRS ERFEMEZIT. X7 VA Y — LD EE R
BREZRIZLTND, LLRRD, ZOMEDORED ENIFFICRE | EBEET e &0k
B L - TEBRMICHEEZIRET S Z LN TE e, Fxld, 2014 FFERIHEEY 7Y 7
D TEXDLALSDEZBHRE LIz, ZOHEEZH T B A R T — /L OEED R EZ I HMNIT 5,
Flo, TEVRT AV ADEERTHDLE A M T —IVOLFHEMNR X 7 LAY — L& X
BALNRT FEFWARDHILT, X LVF Y —LOEREAHASNCT S, T, ER Fra— R
(B R b rofbHEfmRES M OER (53k) ZRDTND LW ) RGEL) 12k LT, EffiDE
WE X7 LAY — MEEICRTT D BOEVICHEN H 2 OO0 OnEH L NNIT D,

? 999
NSOGROKAGCKARAK HIA KTESHHKAKGK ~C

999 9

NPEPAKS Kﬁﬁ_xu KA MM KAVTKYTSSK -C
699 o 1?9
Tl 9feTe Topsjels
NARTK AKST K AK K. AKS K.(H)

¢oQ @

| |
NSGRGKGGRKGLGKGGARRMRE V. Hé | ~C

2= =—@

X: X7 LAY —A5 (£), BN DNA, FRAB¥E R T —)b, #RITEY OT— LN DE A
Ko B RIE, B AR T—VDT X/ ERECA| RO E & FEFE (F), R Y Uk,
N T v F A, N AFALEFRT,
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(2) FARE-ER:
YRR 28 4EE  ALSD ¥ TH L MNT R o 12T — /L OF B AR O Rt

Fxlx, X7 LAY —LMER S DNA (U A

77 —DNA) {HIIZALE L, & OfEEICHL 2%
525 ARNCH3DOT—AD 1) TEFLE
nTWingk e 2) RENRTEF LIS
BITHD 14BEBOY o RT7 T VLI
"%, OD_ODFDY I 2 b— g &1 (h
A, TOMEEZERT L LI, TETFL
{E23 7 —/LR° DNA O IZ MIT 3 2 Z A~
Tre ZOFSHE., T—IVICEET D OO AEERD
KRB O Ele o, —DOHDOFMEIR, TEF M:vIalb—arn%k (A), /8T A—
JALDOHFIEIZEAD S, 7 — /L DNA 7~ & fihf 2 DAL (B), {REHLHEE (C)
LWt Wnos 80 THDH, ALSDIETIE 2D %
DNWTIUTEBNT S, NTFA—=F NDENETLHZLITED, T7—/15 DNA L GFREL 72
SEREEERGOND (FXIB, C), LL, BEHECEL > TR INZ A= 1ITRHET 58 FE
DFRTIL, IO OGO HBMERIIMD TK) o7, 2O &1, 7 — V3 igBE L 7- /1T
TRNAF =IO TREETHY . TEFIRICE DB MOFFINY > —FRE72T TlEE
DX D IREEITR Y F2nZ EERB LTS, TeTF X, 7 —/L% DNA b il S
D& IEE L EFET HOTIE L, BIOAI=ALTrZua~vF rOiifEE5I &2 LT
WnEEZLND,

TOHOKHEIX, EBICEBMAE LDV VU ETAX=UDIEIEVOENTH D, R
HDHV T ETNANX=UDOREZFARTE A, ZNEDOT I JBITZ ZSOZONT I
TH, BH EOMEITK LT Y o ATEEICEE LT < 74F =X DNA &8l LT
WEWIHIEHMZERFOZ EBRH LN E /T, Vv ETAF =03 E I+l OIEER 2RO
D, PlEST=HEOT I VBEEZLNNRLTHDL, L LEXOFRETIE, VI idxRElc
BHLThox 7 LAY —LEDMAEEREZMI L, TAF=1EX 7 LAY —A5D DNA &
FHEH LEOAEMEZFTMT MR H L, LW RLRDIMWEND D Z LN ahol,
RE 29 RE T RFAM, A TFAALDOREMFT
t Ay H3 @ N RKEEIRICIZ, 7TODT7 BF LI E 4 DD XA F AR HDH, ZD

1T A_NTUIOWT Y R 2 b= [ IeS1551907—h—, EARSAFIULE, ROLAY—LECHDI
GVBER L. TEFLEML. AT | Aarnners e o s Soar s RN
U e s (MBS i PAN Rl ol B
LT, 7T, AFARICEE (2]
boF. NREBEEITT Y Me | ooy 0
WiEx LD enbhrotz, LorL,
2287 MAEBIZIIMEE OBV D | cHpaar stNuDUEFS - 0REEEAB T £ T, AFOIOYF R
R, TRFALDBE. b METRAINENEIOYFY) XD XAORREEIET

X : K9 A F /LA Y L TD H3 7 — /L DZERM AT O
EEEDZEMELIBRDHDITRL, A

FIULDGZETED X 9 REFEDOHIEIT R bR oTlz, TORDY | N Km0k 7%

ERARVH3

00

AFILALERBTET. CHDI/AAH
Y BETIERRLONFE MRS,
DNAD S BB T (FRLVER
) SERRSMLE

JOSEXF. AN AMILA,
OFrA5=XK. PAAFPRE
ISR

asTid
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ENFEEIC XV BEH LT, AFMRIZ L > TRONTEREFRI = RV X — %/ 5 L 5 etz &

HZENGhoT, OFBHDY DV UATHONWTIX, S OIZEEMICHNT L7z, %R, 9FZHDY ¥

YD AFAL(KImed)iE, b A b H3 O N RKIEROB & 28 L, FFEOHATICE 0
TN L, TN DNAZE R MU LHNTZ EEZRLH L (RMOREEHT) ., Z OMWEIL,

NMR 7283 R =2 b—v g LN EZBR CH MEE S 7z, K9me3 (3, MlaEZN O DNA @
PHRIRIEZ 2% NurD VET 77— 10X —57 v MIRoTEY, xDop1+ET Y 7
5NurD VETF T —FOEODON2ODX Y LAY — LA THIENRBENT-, b
D% IE Cell Reports & Nature Comm. [ZFF L7,

() BRYRAMZER, TURARR. RXHE):

1) H. Kono, S. Sakuraba,H. Ishida. Free Energy Profiles for Unwrapping the Outer
Superhelical Turn of Nucleosomal DNA. PLoS Comp Biol. 14, €1006024, 2018

2) MR E, BUE 2, B BE X7 LAY —LAHIZBT O A N T VORI E T
tF LD E 2 (H3 Histone Tail Structure within the Nucleosome and the Impact of
the Acetylation). H AL PEF LS55 5T, 0957, 2017

3) A. H. Tencer, K. L. Cox, D. Luo,J. B. Bridgers, J. Lyu, X. Wang, J. K. Sims, T. M.
Weaver, H. F. Allen, Y. Zhang, J. Gatchalian, W. Li, J. Ikebe, P. A. Wade, J. J. Hayes,
B. D. Strahl, H. Kono, M. G. Poirier,C. A. Musselman, T. G. Kutateladze, Covalent
modifications of histone H3K9 promote binding of CHD3. Cell Reports, 21, 455-66,
2017

4) D. Kato, A. Osakabe, Y. Mizukami, F. Adachi, Y. Arimura, K. Saikusa, S. Akashi, Y.
Nishimura, S.-Y. Park, A. Matsumoto, H. Kono, R. Inoue, M. Sugiyama, H.
Kurumizaka, Crystal structure of the overlapping dinucleosome composed of
hexasome and octasome. Science. 356, 205-8. 2017

5) H.Ishida, H. Kono, H4 tails potentially produce the diversity in the orientation of two
nucleosomes. Biophysical J. 113, 978-90, 2017

6) J. Gatchalian, X. Wang, J. Ikebe, D. Luo, M. Gibsono, Y. Zhang, K. Cox, C. A.
Musselman, M. G. Poirior, H. Kono, J. J. Haynes, T. G. Kutateladze, Accessibility of
the histone H3 tail in the nucleosome for binding of paired readers. Nat Comm. 8,
1489. 2017

7) M. Andrabi, A. P. Hutchins, D. Miranda-Saavedra, H. Kono, Nussinov R, Mizuguchi
K, et al. Predicting conformational ensembles and genome-wide Transcription Factor
binding activities from DNA sequences, Scientific Reports, 7, 4071, 2017

8) Z.Li, H. Kono. Distinct Roles of Histone H3 and H2A Tails in Nucleosome Stability.
Scientific Reports, 6, 31437. 2016

9) J.Ikebe, S. Sakuraba, H. Kono. H3 Histone Tail Conformation within the
Nucleosome and the Impact of K14 Acetylation Studied Using Enhanced Sampling
Simulation. PLoS Comput Biol. 12, 1004788, 2016

(4) SBROFIATE :
BRI ORER FICXE Y 7eF b, A FALLISNOFREE D R 20> TE TV 5,
SRIT ZNODEMDX 7 LAY — LBIRIZE R DX 7 VA Y — AR O EAERIZ
52 25 EH~Tn <,
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MEHREZ BTN T 2 RBENRE S FOMEEFRIR A h = X LFEHT

A TE, AR E
BB — ARV B TE YRR AT
EAEMBERITE ARSI alb—vary s —7

(1) FMABEM:

AR TR, AR e O RRIC K
DNA Z®ICHEEEZ=Z T T\ 5, #15 DNA ©
Mo BIGERNPOEU D RE ¥ BT
BB & Z AN 570, IEF e 4E
(RHERE 2 HERF 95 723D D ARS8 b R 7]
KTohD, RFFRHETIEL, Pk 27 FEET
\ZHE D 7= A AR B RE T B & MR AT - 5 7 kR &
\CHREE, md kb LC. DNA o, EHE, i
BIZH LB E 2T X7 VA Y — L&kt
% (K1) 1T, BB 2 KA R R 1: 2% o2 L2 o0R Y LA n

BT OMMERRY I 2L —va a2 ETL. | % DNA (B@). b % > H3(F). Ha (&)
S B ORERERIR A = X A B e s, | H2A () H2BGR)  HUHBEE FIck\ T,
NOORIERRAD = ALENOINET e | 2 (B L0, 2Ohathcibg
YefafR) 12, DNA OBl B, 850
W7ol X 29 5.

(2) FARE-BR:

AFHRORIZ, 200X 7 LAY —5 (K, AF U Z2EHTHR 46 TIET1R) OF% (K 15H)
IZOWT, BEA by H4 EBEETHIX 7 LAY —2OMEERABERZY I 2L —T v R7=—1
Y LTFHIL, fHRTEL. ThENOX 7 LAY — O ELOR O RRRE % SO A 3R E
L7z ABMD H = x/L¥—3tRiEEZ Hz, 723, ABMD HH =R X —FHETIA X XA
RV REO—FET, VI ab—ya VP ORISEFEIC T U AR O R = v X — 2 B LT
ERESND AT ART ¥ )V EBE ORFEMEEERRT vy VTBML TITT 50 F
I a2l —a L iETHD,

2 DDOR T VA Y — LOBELMEREZ FOSFEAEICRE L, RO 7Y 72179
ZEICED X7 VA Y — DO A RS, —ARICAERT D Z N TER (M22H), BIZ
TrTVLIH T Ty alb—ya VEIERE YA Zubiiblo TETL, Bz L
X—Tu 77 A NVEHE L, R 2 2OX 7 VA Y — A0MEEES 5 72 OFEVER 1135+
pNUUTERELONZ, £ LT, BHZAAX—IZb oL b HES5THDIE, 200X 7 LAY —
DDA VE—T 2 —RANETHE AR HL DT —/L L X7 LAY — AOBWEEHRAIERT
HHZEnbholz (M3BMR), £/, A v 7 LEEXI7 LAY —LOEFEL X3, PRI L
T, RHANCHEN =X 7 LAY —LOBGRE LS LFARETH L LRI oTe, TOARX Y7 L
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72X 7 LAY — LD @O EIME B IR DNA EHck L TX 7 LA Y — ARLA 2 HaE |2
IR SR, BICEIX 7 LAY — L OEBRIRTHL 7 a~F o OEEE(L 2T Z & T, Blafo
BHEBECHETHEBEZLOND,

K 2: Vo7 7tk uiGoni, 250X 7 LAY — AOF R
2ODX Y LAY —NIFEA REEMERVES, ZOZ X7 LAY —2OEAEKRTH
HYOARDETIE I KRELS FHTHLEEZLND,

K3:vAMH4DT—/V (Ffh) L AN XU NRIE
OFHASER, EEMEZH L A M H4 OT—)b (Fkh)
CREBMEEOLMELI-X 7 LAY — AL OIRWERE
HAEAN, 2 DOX 7 LAY — AOFEEEIC K& L 5
LTWa,

() HRJRAMER, TUARE. #®iXH):
AN RE P H
1) H.Ishida, H.Kono, H4 tails potentially produce the diversity in the orientation of two
nucleosomes, Biophys. /., vol.113, 978-990, 2017

2) A.Matsumoto, N.Miyazaki, J.Takagi, and K.Iwasaki, 2D hybrid analysis: Approach for
building three-dimensional atomic model by electron microscopy image matching,
Scientific Reports, vol.7, 377, 2017

4) SEROFIAFE:

ST, X7 LAY —HITEEAO - DNA OfEEEEEE, DNA R U 2 7 —P D4 DNA
P ERBRR LD LT, BRBEEI LT DR T OBRERBA 1 = X
LEBASMIL TN,
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FE—RESFEHNFERITE DV MRBITFEDORR

| PR
B v — ARREFIEEP B R A e T
BBz v ¥ — By I ab—y g VIR —7

(1) FMABEM:

FERT —ZITHE O RWE—JFHY S 2 L—3 g UREIL. e BB g, BB, Bk
BIREAFRBENOT 7 —F T 5 DI ER A R e SBH Ch 5, Ml Tk, #rfkse
WHE - MEIORIRSICE T 2720, mEER LB E IR RIEIC D W B — ) 1 E)
NFEEETFVIalb—yvaryFEERMAEL, VIab—ra rHiioE 2 8E L X5, B
H LT FEABME L CER TSR OBLEN BRI PO 7 a7 TR T A L LB,
BB OB RE R BIRIE 5 OB &2 B,

Rk 28~29 LT, T, RS KV RO R-ME2 B B ATRE 2R 5 — R B R A 0 0 1
EFEY 2 — VB L, T ZHEWE([CaziAlesO6d+(4H) (C12A7TH)H Ot KU K H D
ZE) & mITEOKIZET s & PEICKT DR OB T RVROFELTMM L, B —MOE
(X, SCHRMFARA b TR B3R00RRE 1 TR o7 e o7 407 — IR~OHkEL) o—B &
LCHEh L7,

(2) FARE-BR:
- ) ZHNMEWE C12ATH O v R Y Ro2EEhfiEiH

RO BT E BB RS —FHERERE Y badg Royr@hi¥a— REB% L, )
J ZANMEWE CI12ATH O v R U K HO07 & RENRREIZ T~ B RN AZh R 2T~ 5 Z L i
LB Uiz a— FOMREZRGE LT-, R4 BB X OB - 72540 100K (2
BiF 5 C12ATH H O H O3 Ok A X 1127~ d, AKIR TR O & OB E O A T
X0 HOGARIZHE /25N
bHZ R INT, RFED
BEIMHEBETLHE HE DI
100 K TFHZH 0.255 A &
0.199 A DIEM R EH > &
NG INo T, T OB
RN E BN DB SN S
2TV, Z OFEFRIIBRF LT
a— RIZTE D Z YRR

o | BFRERTH (£) BIUHAMN (B) SR8
SNBHcERLTND, IZ 100K 255 F/ SAMYME CI2ATHHOE K K H
HE DOZ v b 7256 OO,

(T L7z & 2 A ERBARFEAMAEIRDN T v b U & ZICBIREI /T EIC X D BRI AIRETH 5
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NN <Y g W

CEEKIZB T DR RO

BN R EE 7o R IREBREE N COME OIS & Y EOFHmI A, B L7258 — R R &
YhuA RyFE Y a— RORBEZEAKICEAT2 Z LICXVREEL-, REE 270K I
HHIEN%Z 2GPa 5 EiF 5 & okiZ VIIL F—VII =X & BkAHEES 2R+ 2 LA b
TW5, B EE BN D & - 7256 £ 0 b VIILAE2 S VII A L O VI AHD
B X FHA~OEEIE 23 20 GPa{k< 725 Z Lo dz, ZORERIL, 270 K &\ 9 LRk
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(a)Cylindrical coordinates (R-Z) (b)Flux coordinates (c)Field Energy (A.U.)
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(3) HRVAMESR, TUARR. RXHE):

1) N. Aiba, C.Giroud, M.Honda, et al., Numerical analysis of ELM stability with rotation
and 1on diamagnetic drift effects in JET, Nuclear Fusion, vol.57, 12, 126001, 2017

2) N.Aiba, S.Pamela, M.Honda, et al, Analysis of ELM stability with extended MHD
models in JET, JT-60U and future JT-60SA tokamak plasmas, Plasma Physics and
Controlled Fusion, vol.60, 014032, 2018

ZAC AN

3) N. Aiba, C. Giroud, M. Honda, et al, Diamagnetic MHD equations for plasmas with
fast flow and its application to ELM analysis in JT-60U and JET-ILW, Proceedings of
26th JAEA Fusion Energy Conference, TH/8-1, Kyoto, 2016

4) SEROFIAFE:

S bhlEfiE, ELM 4SO IEME 27> ELM 8 - /MR I BB P o
gz B & LTeBRET VER - a— FEBELED 5, Fric, ELM BAERMFIT OV TIEN
720 IEREICREAM - FHEIT D Z LN AREIC A o T D Z LD AR ITRHCFAUS TR A REZR
ELM O] « /NMRIE(ETIEDORG, FriZ/MEIE ELM 3 X OV ELM 0722 @R e LTH
LLEZ 55 Grassy ELM 15 L O QH-mode DEFTA1T 9,
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First-principle simulation of energetic-particle-driven modes in tokamak plasmas

Er7U—5 TURLT A
R A = % L X —WFJEBRFEERY OS r TR & WF I AT
R EIR > AT MFFZEBRRE 77 A~Hinv I a2 —va s I —7

(M) FAEKN:

We have recently performed successful first-principle long-time simulations of energetic-
particle-driven modes in JT-60U tokamak plasmas using an extended version of the MHD-
PIC hybrid code MEGA [A. Bierwage et al., Nucl. Fusion57 (2017) 016036]. The simulation
results were successfully validated against experimental observations on multiple time
scales ranging from short pulsations and abrupt relaxation events (0.1-1 ms) to slow
collisional processes (1-100 ms) [A. Bierwage, Proc. 26th IAEA Fusion Energy Conference,
2016, Kyoto, Japan, Oral TH/4-3].

The first purpose of the present project is to perform sensitivity studies with the goal of
checking the robustness of the simulations and the reproducibility of the results within
the experimental error bars. For this purpose, several convergence tests and case studies
will be performed.

The second purpose is to identify and understand the physical mechanisms that give rise
to so-called Abrupt Large-amplitude Events (ALE) that were seen in JT-60U experiments
and reproduced in our recent simulations. It is expected that ALEs may be triggered in
several different ways, so a case study will be performed with the goal to find and analyze

some possible ALE trigger scenarios.

(2) FMARE-ER:

This project received a total of 2,530,363 + 2,439,373 = 4,969,736 core hours, which is about
16% of the requested resources. Nevertheless, the main goals of this work were achieved by
securing similar amounts of additional resources on RIKEN’s K computer and Tokyo University’s
FX10.

By performing reproducibility tests and convergence studies using ICE X in combination with
K and FX10, we were able to confirm many of the previous results obtained on Helios
supercomputer at IFERC-CSC. Figure 1 summarizes some of the long-time simulation results,
where we have reproduced a series of three ALEs as seen in JT-60U experiments.

Several case studies were also performed on these HPC systems and some of the findings led
to a better understanding of ALEs by shedding light on the importance of multi-mode

interactions and collisional slow-down of energetic beam ions.
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Figure 1: Reproducibility and sensitivity test for a long-time simulation of three ALEs.
Top: Time trace of fluctuation amplitudes obtained with the Helios supercomputer. The
signals are decomposed into toroidal mode numbers n=1,2,3,4. The panels on the right
show enlarged the 1 ms time intervals during which ALEs occurred.

Bottom: Similar results were obtained for a slightly modified case with stronger magnetic
field (1.20 T), which was simulated using Helios, ICE X, K and FX10.

(3) HRVAMESR, TUARR. RXHE):

1) A.Bierwage, K.Shinohara, Y.Todo, N.Aiba, M.Ishikawa, G.Matsunaga, M.Takechi and
M.Yagi, Simulations tackle abrupt massive migrations of energetic beam ions in a
tokamak plasma, Nature Communications, 9, 3282, 2018

4) SEROFATFRE:

Some results obtained here led to new spin-off projects, which are currently being
pursued. These include investigations into the role of the energetic particle magnetization
current and nonlinearly-driven magnetic reconnection during ALEs as well as other
phenomena involving interactions between Alfvén waves and energetic particles. This is
expected to facilitate further progress towards a complete explanation of the ALE trigger

mechanism.
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EIRIILFT—HF - MHD BEEETIVICEBAEURABREET A AT TLavOWE

Simulation study on magnetohydrodynamic phenomena and disruptions
using MHD and energetic particle hybrid models
il Bz
B G = 3 L —HESEBRFEHEMT N » TR &b ZE it
RG> AT DR 77 A~Bimv Iab—va I —7

(1) FIAEM:
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PEfEHT = — K MINERVA 2B SN TEY . NI~ 7 MEZ L L 7= FRR O FHhifR 2 A
& LT, RIEEOEREEA T — R 58 E O E BB T — R £ TRV L > P OBIER
LEMORIEIGH SN TEZEEN’H 5, MINERVA (277 X~H D koA FVEEERLR
0A VAR EZ GO RICEHATE S &0 ) AR ICb 2 =—7ta—NTh b, 2 E
T MINERVA % W HFE Tl IFLOREIKE T 7 A~ BT D LEMED A B xS L S
TEEN, BRAE LTI XA~TliEk, BT AX—hi1 (A FT) EWOMEERIC X
0 AR EET— ROFENE( LTV | BRI AR EMEORNEIZ LV G ¥ —hi 7O L
ADVNE LT T 5 &2 ENERUIEL ORI EOmME CRINTEY, ZORRIX
MINERVA [ZIZRFEIETH o7, & 2 TARIFIE TIT MINERVA &8 Al A8 72 ) — % /L X —HL
T3 AR BIELfRATE ¥ = —/L DKPRES % B35 2% Z & ¢, MINERVA OFRH8 A A7 L7 F L
BTV X R BRENE — RO EMMTET LV ERRT 5 & & bic, A AL
HNAT Yy RETVOHRE S & LT2IERRIB L EVERENTE T L ORF 2 b I ANLD
LT, NI IIFLT TARMROHECTH DT 4 AT T a AR HEmT ¥R T
DEBOFEINC AT 7RI BT 5, ARSEIL TR 28 FERM MMM (R x L —hi1 -
MHD #5557 /LS < BRUR AR 22 EMEOBIE 2 EMERAT© 7 LV OBR%E ] OV 29 4F
RIS TE= kX —ki 7 - MHD #A5ET M K D BMIEBIRET A AT T a v d
WFFE] 12 Tilkie L C 98 S 47z,

(2) FIARE-BR:

O @R F—hA53 A BT = — N DKPRES O B2

AWFFETIL MINERVA = — R LB R E 2 i = L X — kL oA B = — & LT
DKPRES ZBH7 L CTW\W5, #EHEO 7o —F vy — & 1 12”7, DKPRES 22— R
MINERVA =— R 52 2 BEESZEE L T M~ 7 EETOST 1L —RFiuE %z
ZRAREAT U BBRES DNRL T D3 MBI 5 2 5 50 B 2 FHl 3 5, A RITE LB 5
EELOTE TR S v, Z DA MINERVA = — RIZRE L CHE, WIKEHHRAZ1TO 2 & TR
TRNF—RLAIC L > TEHB SN D RLZEMEEZI OO Z LN TE 2, EROFHEHE L D&
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MINERVA & DKPRES # X 1 @ X 9 (Z[EABEE AN
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@ DKPRES =t— ROEIEIZ BT 5 ik

(1) 5 BAE S FRSVDIZHES i F- 7 4 )L X DBI%E
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I Ko TRERITEHEA 1710 R ORI -3 CRIF O EMUGEEN G LN D Z E BRI,
(2) MPI+OpenMP /A 7' U v RIHIE RF 2 —= 7
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(3) HRVAMESR, TUARR. RXHE):

1) AMatsuyama and M.Furukawa, High-order integration scheme for relativistic
charged particle motion in magnetized plasmas with volume preserving properties,
Computer Physics Communications, vol. 220, 285-296, 2017

4) SEOFIATFE:
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