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TE WOCENE 7 s A A AR G 1 TZ A EAREL, SR T e SR
M BT RE KA HRIE AN AR, B, LR ST REREEIEAERL) 100MeV /Y
BT AR, H—J7 RV BUE: B A FAR AR R AIOCEERME, X E R T
JEUREN B TR AE TR BN o BRI, F S (T R A S A T AR AR . H AR AR
R TR | f R DN LR A A A O S R AR AR R R, UL RTY TR ELRS I AR A
o SR ATEON SRR ERAR. 5T B, BHETRMAEE . R R RO T
Ja# BRER ER DIRERERR S B REBU I E 7 R, X L F A ERBOVT 2], B S FFT,
A E T AERARSE, FEUNERTZL, ERENE TR AR TE., ®T0, AT
K PR AN BB BB S 7 i B0 5 9K S A AR A b B B DL AT T IRAB AL, B
F 2t ha i B A B AE SR BOGIKEN B T N AR b g Bo L R e AR AT N ) ik BR A B AL
B ¥ R B e b R DA BT Y B I SR AT R, B T AR R A I BT R B
RS BB ARG P T AT, TS 1 U O ik 5 1 [ A A A D R T R AL —— K
RARETIE, JFHRARR TE0C S90S SRR R P R p 2 b .
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B H . PRARIHR] (TZ2018005) , HZFHMAISE S (11575298, 91230205, 11575031, 11175026) ,
B FERTES 973 78 (2013CBA01500, 2013CB834100) , EXREHA 863 #8l, BFRFET AR
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ionization of a high-Z material coating, Phys. Rev. Lett. 118, 204802 (2017)

[2] X_F. Shen et al., Maintaining stable radiation pressure acceleration of ion beams via cascaded electron replenishment, New
J. Phys. 19, 033034 (2017)

[31] X F. Shen et al., Electrostatic Capacitance-type Acceleration of [ons with an Intense Few-Cycle Laser Pulse, Appl. Phys.
Lent. 114, 144102 (2019)

[4] B. Qiao», X. F. Shen, ef al., Revisit on ion acceleration mechanisms in solid targets driven by intense laser pulses, Plasma
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[5) X F. Shen et al., Scaling Laws of Ion Acceleration in Ultrathin Foils Driven by Laser Radiation Pressure”, (2018),
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A ) AT R iz . 24 ik, RIS U AR R BRI A e e R . [HiE, R
AFFREB T A AR REMAREEER (BRENRE. FE TERAMRRD AL ERTHT
PRI REUIEL R I SR T A RZ AR, O RARAE RN E (Bt ITER R CFETR) L&
JRA M F RN T BN RS E TR AR R R EENE L.

1L HL-2A %8 Luihl 78 ek 7o e s s, 3FF %2 W BRIt e il i W R4
3 YRRV FE 16 T o R A A 1) 2 B RAR S el 2 TRV LA P () B A b R R A DR
BHLE, BB T - RAICIFEGTR AR, B () LK DB RSN 21 SR 11 BB
WA RER I RRTEK T, EohE RN ARE M F e sl Z A RAUR L T B SLIES; (20 M
SE AL A Jy THIRIESK 7 1 5 DX A T iy 4 K P P 5, e L 0 i TRE A 1R ) T B iy ol
WA (R BREEMARTSIRN, HFAE—MESERRE: (=) 8RN RE BT+
R 2 DX IR S L A LR P A OO s (VYD ST L0 25 A S 5 1 S A S ) 7 ) S B A
SFARRREEMCRAE: (A B UORM B SRR SIS & TRt AR R S RN, ZE R
B BIA] DUE I E S8 5 Sh s ah 5 08 AR B iR TR A AR EAR A, BT T Eh H iz K
Fo

R R FE TR, N, WEiHENE, MR Rt
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[1] M. liang, Z. B. Shi, Y. L. Zhu, “Optimization of the optical system for electron cyclotron emission imaging diagnostics on
the HL~2 A tokamak™, Plasma Sci. Technol. 2017, 19, 084001 (2017).

[2] M. Jiang, W. L. Zhong, Y. Xu, et al., “Influence of m/n = 2/1 magnetic islands on perpendicular flows and turbulence in
HL-2A Ohmic plasmas”™, Nucl, Fusion 58, 026002 (2018).

[31M. Jiang, Y. Xu, W. Chen, et al., “Localized modulation of turbulence by m/n=1/1 magnetic islands in the HL-2A tokamak™,
Nucl. Fusion 59, 066019 (2019).

[4] M.Jiang, Y. Xu, W. L. Zhong, et al., “Influence of resonant magnetic perturbations and induced islands on plasma rotations
and turbulence properties in the J-TEXT tokamak”, Nucl. Fusion 59, 046003 (2019).

[5] M. Jiang, Y.Xu, W.L.Zhong, et al.,“Modulation of quasi-coherent modes by m/n=2/1 tearing mode in the core of HL-2A
plasmas”, Nucl. Fusion, to be submitted (2019).
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WE: BRREE (ELMD #5562 ITER BRI MR 2 4R /T B AE R — AN Ra i M. K
EXWT R DS SMNBEMsheE AT S S) ELM. ML TR s () MRz, 1K n BHE
ol LA B TR B AT BN, (3, 217 SRS T B Py Sk M i i
A, EEARMHTREE. HR, K BRI TESG ELM B, JHURRABEE (m) MRS
X F AR A A R R R RECK, T BEE Y B &, RS TR R R E S B
o BIICFETHNE n BIBIEAEL, X THAK » BIRSIFTRH ELM, 8% S
MR, IMZREHEE N HEBAEEENE L.

KR EHA7E I-TEXT FI ASDEX Upgrade FE F 5% PRI LRITR, MR FO wEE T
SR 7 SEIRRERED (RMP) WAREHLH): (1) REL RMP 5 iB0R SUB BE 5% E M 0.5 505
BB, Z%ERR% RBEEE EAST A KSTAR %368 BHIRHES: (20 R THE T RMP 5
BRI R, FE5A LW SEW, ESE T BB R0 R B R4S B RMP SREh TR L S0 4% 5% 10 U 1,
IO AR BRL, B BRI R ROV E IR (3) RBLIL SIS M SR MO MR R T LA S
RMP ifF, JEFHTRIAT BB RRZY ELM ji 8l & b eI 0E SR A 6, X3 THEM ELM
AL RS A EEZ Y, BARERERZHAENE RIS ok mERE. #5655 &
&%, ERYUEIEESNN RMP SRR ROL R R (ELM) HEEEE L.

KB, R RBES) SRS SZIARER 05 R EE
EH 00
[1] N. Wang ef al, Study of the penetration of resonant magnetic perturbations in J-TEXT, Nucl. Fusion 2014, 54(6),
064014
[2] N. Wang ef al, Plasma response to rotating RMPs with a locked mode in the J-TEXT tokamak, Nucl Fusion 2019,
59(2), 026010
[3] N. Wang er al., Impact of n = 1 field on the non-axisymmetric magnetic perturbations associated with the ELM crashes
in the ASDEX Upgrade tokamak, Nucl. Fusion 2019, 59(5), 054002

REME . [ E ST R TTRIC2017YFE0301100 ), [H 3R £ 30k T4 g A R 57 % W1 2018YFE0309100,
2014GB118000)



E005 THKS E
mIZEOEYH I SRR R R R

/A= I
RHE_EEEALAT
Met 3y

R A ST U /N L7 Sk WO BB R A S SR BT 9 77 1
BTt . EEASE: 1 MMRRREEOCYIE, BN ETT
T AR iR eSO P X — R U, $EH T R A SR REX R
WE . BEFC T A R IR BEROE R R SR, AR 8 e e
POCAE B A FH I 9 SRS AN R e RO e . 2) WEF5EIg
WOt QED BN GRS RAERD, RIBOL LW, FEH)
5 )N Th RS, RIS S A R R KRG W0 55 88 1A AR
FIRERE, B3R H A 20kev B E T X IR — P T 2. 3)
A4 /INELEE SIEI6 T T A Bl E e, AR O IR Bl Jo N K i 1
R MERREEE TIE ER TR S NE R



E006 EERE: E
BEXRFEBASHCMERTER

#4k
A RFIALMILE, LT 100084

Email: weilu@tsinghua.edu.cn

HE:

THERFBOCEE TR S RS AT AL F RS T 2011 4, BUITREBETHOCHE T4
YO ER RO — AN B8 BOR B R A o A 54 1) B 48 BT BA A N AR SRAE SO SE B 4 Bl S e 4
ARG T T ) — AR IR o 77 B R BN T, RAVRLUR R T RPN S FAR R A
)3 A AR S R B HOR IR AL RV 7 R, HAESLR P E UL 7 RS SRR
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WE: NEEAFREE (ELM) b 052 BT SsTm 2, E2RE%
4 FIE AP, . Grassy ELM REIIE M T EH K #=8 R R R (ELM). BE# Grassy ELM
HIFE R S AL AR AT (H B G TR A & R CR e % . iR =2 &0 TR T %
BT VR A KRR Ry H R I R TR e B D R S A S B B TR RSB AT, R EE
ZTERRRHE (CFETR) FAKEMBHSRAEHANEE ELM NiREkzT8A. EASTIESRE
RAH LKL ERE, . B SMAFYERMT, REEZHE [ Grassy ELM g
AHIZAT, IR L HWIER T Grassy ELM ERMHUER[1], RESARMLF & LB LB RNLR G
HREEERAXRAE, HFREWIE T LR RES. HEE. BAEERAE. TR EiiE
AW ARIEE REHERF T IEAT F MMM B, B0, EAST BIISEI T — R &5 & RIE SR FUBUER EHAN4E
S S AR S RIS 88 S IR BT 773k, 5 Grassy ELM MI4S &, REM T —Fmt el TAET
B, ESERFERTERLRMERATRAORT, K7 RIERER A TRE T B HIE 5-8eV,
P 1 BTN o X —IBAT B ARt A HE G ()R, BRI R MR RR S IB AT IR T — R E A
FENFHE. HERTFHEESH—S55 CFETR MRIHS3EE, %% CFETR FAZIMNA.
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(B}

50% Neon

. 1.6 1.7 18
Time (:;p s N R {m)

B 1 EAST SEHR5E )68 88 Bkorh S e (50%m A0, (a)fRIT o5 AP B TR To 5l 7E 5-8eV,
(b) e A5 4E ST I 7E Ve (L, ()BT (&R T FE. Grassy ELMs Bo8 14 BiHEH 8 ) £ R E 2

1 2 3 4

F8id: FFS 5, EAST, CFETR, Grassy ELM, SRSTRIERERUEH), H ML, Ak, BAET
B

[1] G. 8. Xu et al., Promising High-Confinement Regime for Steady-State Fusion, PRL 2019, 122 (25), 255001.
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[1] G.L. Xiao et al., Effect of lower hybrid current drive on pedestal instabilities in the HL-2A tokamak, Phys. Plasmas
2017, 24, 122507
[2] G.L. Xiao et al., Effect of the externally driven velocity shear on the turbulence radial wavenumber spectral shift and
its amplitude, Phys. Plasmas 2019, 26, 072303.
[3]1  Y.P. Zhang et al,, Control of edge localized modes by pedestal deposited impurity in the HL-2A tokamak, Nucl. Fusion
2018, 58,046018
[4] W.L. Zhong ¢t al., Impact of impurity mixture gas seeded by supersonic molecular beam injection on edgeslocalized
modes in the HL-2A tokamak, Nucl. Fusion 2019, 59, 076033
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JFTEXTR RO RKBREGTHEPREAFN— M PELERE, BTRITE
MABSRAFORERLDR=GYERFT. HERENETF, -TEXTHEE L
FHRTHRMENIH RS, BFEEH 12 HEEIENE 24 H, KARATRNHHNE
HEEN . BINETT T B SRR E, ST BHRIERAIMEE. 500kW &,
FEEXRIARFRNER, FR00E FRERIE 1.5keV, BERMGEIHNEE
BREARGEMTERSRE, TET J-TEXT RELBRERTR, RETR
FHMPTKBER. CHAGLAMTE, EREIMNSH. SEHRHN. 8FE
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ARSERNINEFT—RFE )-TEXT LR THENELER. HIENDGHE5FET
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! See appendix.
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{7k, AT RS DI ik
BT FE . (RIS TR E<SeV 1
E B R . RS 28 X R 2
Wi EA R ESTEN, BEE T
TR R R R S, BT MO T e
BRI SR IR T T B30
WA . ERNRENR, ERe
RESIRE R, LS E TR  Nemsesang w0 I |
P B 3 TR S R R CH AR R ‘r HM“NW“- T e
KIFRSEH T Hog KT ITER HAZELT LA | | LA [ \
B, EH T RSP O TRR - A A
HEME. HPMERRBERH AR B (&) EAST RAMBRETEE. 5) DILD RAENME
i IREEHLE, BT REA Y, T BANIN 0 RRERE, H5hOSRTARERY.
DII-D #7% Pe EATHI FLI T #—

ISR, Hos R EMERETE 1.5, 1 95904 1 7 EAST b H #8045 Te R (5eV). DII-D -7 Pe
HE A S A L ) SR 4 R

EAST ERETEANFREENFMT, WEB—MREEEM. 7ENE-FEMREZ 8 435 5
dithering fREEZRE, NAR BN T2 RO 7 —FEH. RO AR RO FEREA. FHLE
EHBI ) =Fb SRS ik, IERIIIUR T “Te RN f) RIBFEHIHN. EAST # DII-D BK&WF
FEBRHH LT BxVB FRiEss XA RIEH ExB. HHAMERENRG R4 PERIER
MEEE R . X BT e 8 AR L s i 2 R B Y S U B AR, X EAST AR RS H o
H B21T. ITER M CFETR [MWIEdS-5 B- O M AR KR U T EEMRTFS%,
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[1] K. Wu, Q. P. Quan*, B. J. Xiao, L. Wang* et al., Nucl. Fusion 38, 056019 (2018)

[2] L. Wang* et al., Nucl. Fusion 59, 086036 (2019)
[3] L. Wang* et al, “Latest advances in active control of H-mode detachment and its physics on EAST for
ITER/CFETR”, 3 IAEA Technical Meeting on Divertor Concepts, 47 Nov, 2019 IAEA Headquarters, Vienna
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B MEETE, lla ST IRETR “MER" F5(1]. #it CFETR F& FE— 08 0 B2
ETHEZRB KT, milEitFAE—EN#R SRR (H&CD) R4, LHRHERSEAER
IBATH | GW RN R k. NS R, AR Q&6 5 A NS RRET
SETEET. Ho, SHRREE KA G SRR TGLF, &R4MRAHN-IREReEts
B SR AR BPED-1, MR G 17 X5 BRAT 34 8 s e br e i . 4025 I S UEE L 45 R e
ARATRAKBENTERAA. EREFEMARTTER, RFEFERATANDERE.

AT EFIE R RAREAZEITER, W &EAREL (H ) FRFEELUFFHBUE. X6
SRR, RAE®EA G IRGIE IGW (R ThEE . TR A 8BUE Ik 78 12X R e 48 1 e 3
URE)y, HS R R R B M KB HEAT T EOR . e B B 1 N o SRR L BT A e el S SR . Ay
THETRETRE, FHEREAMESERGR TR A7 MENEE, d7 AR T
Rhte XL T UEEIRIGX (p<=04) $EF—PIUIE TSR 22 E FRIE . st oim e
TR R EE . ROMEZE RN RN AR e i S R RS T M E .

HFR&ZBTHRA, I T —aRm R E#ETRS, £MEEFEME (p~05) B
RN EEZE 2 (ITB). £E ITB &b, T Wiz Sy o) 1155 . AR = R0 5T 47k vl 7 IR sl 2 42 1l
RBEBTEIAT BRI, W] LA RIS BB 0 29 BRI AR A A E AR B AR E R AR IR (410 {RAL IR e
BT B, T AR L5 R I S R P IR TR

A i LR PRz AR T — TR, RRETR SRR E, R TREL-CEMERNEE
T
S, PERETELRE, CFETR, LRI MBrE, £l RIS aims,
BEE T4
LU

[11  Zhuang et al, Progress of the CFETR design, Nucl. Fusion 2019, 59, 112010
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High Charge Electron Acceleration from Solid Target
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Collimated electron beams produced by intense laser pulses focused onto solid-density
plasmas are studied intensively for many applications. Experiments and simulations have
shown that the electron beams are emitted at an angle between laser specular and the
target normal direction. In particular, an electron jet emitted along the target surface has
been observed using large angles of incidence during laser irradiation of solid targets.
However, the target surface eleciron energy spectrum shows a 100% energy spread in
most cases, save for a few experiments [1] with low beam charge and large beam
divergence angle (> 209).

We systematically studied the relationship between the guiding of target surface electrons
and fs laser parameters, When a nanosecond prepulse was added without picosecond
ASE, the electron beam became concentrated and intense. We obtained a 0.8-MeV
peaked electron beam with a charge of 100 pC in a single shot and a divergence angle as
small as 3° [2].

High-quality monoenergetic target surface accelerated electron beams with small
normalized emittance (0.03m mm mrad) and large charge per shot have been observed
from a 3 TW laser-solid interactions. The 2D PIC simulation reveals that a bubble-like
structure as an accelerating cavity appears in the near critical density plasma region. A
bunch of electrons is pinched transversely and accelerated longitudinally by the wake field
in the bubble [3].

Besides these results obtained by using small size fs lasers, we also performed TSA
experiment using sub-ps high power lasers such as PHELIX in GS| and TITAN in LLNL.
Ten MeV monoenergetic and highly collimated (< 2°) electron beam with 8nC was
observed on PHELIX. The Maximum beam charge of 100 nC are obtained on TITIAN [4].
The Direct Laser Acceleration might be the acceleration mechanism in ps-laser/solid
interaction. The good pointing stability and reproducibility of such a ultra=high charge
electron beam makes it possible an ideal beam for fast ignition on ICF and drive the
warm/hot dense matter.

[1]1 T. E. Cowan et al, NIMA 455, 130 (2000); L. M. Chen et al., Phys. Rev. Lett.100,
045004 (2008); A. G. Mordovanakis, Phys. Rev. Lett.103, 235001 (2009)

[2] J. Y. Mao ef al, PRE 85, R025401(2012); W. M. Wang et al, HEDP 9, 578(2013)

[3] J. Y. Mao et al, Appl. Phys, Lett. 106, 131105(2015)

[4] Y. Ma et al, PNAS 115, 6980(2018); J. Y. Mao ef al, Opt. Lett. 43, 3909(2018)
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Two plasmon decay of energetic particle induced geodesic acoustic mode
Z. Qin*
Institute for Fusion Theory and Simulation, Zhejiang University, Hangzhou 310027, PR.C.

Energetic particle induced geodesic acoustic mode (EGAM) has draw much attention due to
its potential role as an active control of drift wave type turbulences. EGAM is typically charac-
terized by a frequency lower than the local geodesic acoustic mode (GAM) frequency. However,
in a Large Helical Device (LHD) experiments [1], it is observed that EGAM frequency can be
significantly higher than local GAM frequency; and as the EGAM frequency chirping up, a
secondary mode with frequency being half of the primary EGAM is suddenly driven unstable.

This experiment is reproduced in a recent MEGA simulation [2].

In this work, we show that, this unusual phenomenon is related to the peculiar discharge of
LHD, i.e., the plasma temperature is very high while the density is very low, so the injected
neutron beam is not fully slowly down before driving EGAM unstable. The EGAM driven
unstable by the positive energy slope can have a frequency significantly higher than local GAM
frequency [3]. The excitation of the secondary mode is perfectly explained using two-plasmon

decay of the primary unstable EGAM into two linearly stable GAMs.
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The evolution of neoclassical tearing modes (NTMs) in the presence of electrostatic drift wave turbulence is
investigated. In contrast with anomalous transport effect induced by turbulence on NTMs, a new mechanism
that turbulence-driven current can affect the onset threshold of NTMs significantly is suggested. Turbulence
acts as a source or sink to exchange energy with NTMs. The turbulence-driven current can change the parallel
current in magnetic islands and affect the evolution of NTMs, depending on the direction of turbulence
intensity gradient. When the turbulence intensity gradient is negative, the turbulence-driven current enhances
the onset threshold of NTMs. When the turbulence intensity gradient is positive, it can reduce or even
overcome the stabilizing effect of neoclassical polarization current, leading to a small onset threshold of NTMs.
This implies that NTMs can appear without noticeable magnetohydrodynamics (MHD) events.

Keywords: neoclassical tearing modes, turbulence
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Parametric Instability of High frequency RF waves and application

to Ionospheric-heating experiment
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Abstract  In the work, controlled laboratory experiments were designed to simulate
ionospheric heating experiments in a collisional plasma environment of the
ionosphere. Energy of radio wave can be transferred into ionospheric plasma wave
through the heating process, which includes the nonlinear evolution of ionospheric
plasma. Parametric decay instability (PDI) generated by the collisional plasma flow is
observed in the laboratory. When a HF heating (pump) wave (165 MHz, near upper
hybrid frequency) is launched in the Keda Space Plasma Experiment (KSPEX) at
USTC, three daughter modes are produced. Additionally, the diagnostic results
confirm that frequency and wave number matching relations are satisfied. The results
could help to understand the generation mechanism of the parametric instability,
which provides effective channels to convert electromagnetic heating waves to

electrostatic plasma waves in the F region of the ionosphere.
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Developing a physics understanding of how Resonant Magnetic Perturbation (RMP) fields
suppress or mitigate ELMs is a hot issue in current experimental and the theoretical studies. A
new experiment using small edge perturbations produced by a Supersonic Molecular Beam
Injection (SMBI) during RMP phase was used to explore the mechanism of ELM control by RMP.
It suggests that the RMP penetrates into the pedestal region and first excites a plasma response
on the g=3 rational surface. Subsequently, the RMP brakes the toroidal rotation () on the
g=3 rational surface and the turbulence increases. Meanwhile, the induced propagation of the
particle and momentum transport by RMP is inward and outward from the =3 surface. The
increased turbulence and/or V¢ braking by the RMP is expected to be responsible for reducing
the pedestal height leading to the suppression and/or mitigation of type-I ELMs. Low frequency
turbulence increases in applied magnetic perturbation (MP), which has a parallel magnetic field
with respect to the original magnetic field. This indicates that the normal direction of RMP
coil plane perpendicular to the toroidal magnetic line in current design for ITER is the best
way to control ELMs. These results provide further physical improvements needed to refine
our knowledge of the mechanisms required to obtain ELM control using RMP in high

confinement mode plasmas.
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Abstract: The majority of solid state laser facilities built for laser fusion research irradiate targets
with third harmonic light (0.35 pm) up=converted from the fundamental Nd wavelength at 1.05 pm.
The motivation for this choice of wavelength is improved laser-plasma coupling. Significant
disadvantages to this choice of wavelength are the reduced damage threshold of optical
components and the efficiency of energy conversion to third harmonic light. Both these issues are
significantly improved if second harmonic (0.53 pm}) radiation 1s used but theory and experiments
have shown lower optical to X-ray energy conversion efficiency and increased levels of
laser-plasma instabilities resulting in reduced laser-target coupling. we propose to use the 0.53 um
laser for future ignition facilities with a configuration designed for the octahedral spherical
hohlraums, and to use a foam wall to increase the coupling efficiency from the laser to the capsule.
The 2=dimensional radiation=hydrodynamic code LARED=Integration is employed to simulate and
compare the coupling efficiency between the Au foam and the solid Au spherical hohlraums
driven by, respectively, the 0.53 pm and the 0.35 pm laser. The simulations show that the reduced
optical depth of the foam wall leads to an increased laser-light conversion into thermal X-ray and
about 10% higher radiation flux on the capsule than that achieved with 0.35 pmlaser irradiating a
solid density wall commonly used in laser indirect drive fusion research. A new concept, effective
laser to X-ray conversion efficiency, is defined. For laser fusion, this new concept is more accurate
in describing the coupling efficiency from laser to capsule than the traditional definition of laser to
X-ray conversion efficiency, because most part of the generated X-rays is stored inside the wall
instead of transferring into hohlraum cavity to irradiate capsule.

Keywords: Coupling efficiency, Spherical hohlraum, 2 laser light
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#§ % . The mechanism of two-stage electron acceleration by backward stimulated Raman
scattering (BSRS) and forward stimulated Raman scattering (FSRS) is demonstrated through
relativistic Vlasov-Maxwell simulation. The theoretical model is given to judge the condition of
two=stage electron acceleration. The electrons trapped by BSRS inducing Langmuir wave (LW)
will be trapped and accelerated by FSRS LW directly in the high electron density region. The
superthermal electrons with energy larger than the energy at the phase velocity of FSRS LW will
be generated by two-stage acceleration. In the condition of Te=2.5keV, only when ne>0.138nc,
can the electrons trapped by BSRS LW be accelerated by the FSRS LW directly. And the optimal
parameter region is 0.108nc< n_e<0.128nc in condition of Te=2.5keV to control BSRS and
superthermal electrons to a low level,
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Figure 1 (a) The time evolution of LW of FSRS, LW of BSRS and TAW of LDI of BSRS. (b) The distribution of
electron kinetic energy at different time. (¢) The ratios of electrons in different energy scope evolution with time.
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The mean parallel current density evolution equation is presented using the
electromagnetic (EM) gyrokinetic equation [1]. The ratio of intrinsic current density
driven by EM electron temperature gradient turbulence to the background bootstrap
current density is estimated. The intrinsic current density driven by the residual
turbulent source is negligible as compared to that driven by the residual turbulent flux.
The local intrinsic current density driven by the residual turbulent flux for mesoscale
variation of turbulent flux can reach about 80% of the bootstrap current density in the
core region of an ITER standard scenario, but there is no net intrinsic current on a global
scale. The local intrinsic parallel current density driven by electron drift wave (DW)
turbulence in pedestal region including electromagnetic (EM) effects is also
investigated [2].
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We have studied the removal of helium ash from deuterium (D) and tritium (T)
plasmas driven by ion temperature gradient (ITG) turbulence [1] and parallel velocity
shear (PVS) turbulence [2], respectively. The main results can be presented as:

1. The normalized impurity flux [, is outward when the density profile of helium
ash is steeper than that of electron, i.e., R/L,; = R/Ly,. Here, R is the major
radius, Ly, (Lye) is the impurity (electron) density gradient scale length.

2. Outward [, is reduced by increasing temperature ratio between electron and
impurity (T, /T;). It indicates that the efficiency of expelling helium ash through
both ITG and PVS turbulence might become worse with the slowing down process
of energetic alpha particles.

3. Isotopic effects, i.e., increasing the effective hydrogen ion mass number 4; ..,

are  unfavorable (favorable) for expelling helium ash through ITG (PVS)
turbulence.

4. Increasing normalized PVS (ET) is favorable for expelling helium ash through

PVS turbulence.

Moreover, we also studied the impurity effects on zonal flow (ZF) in D-T plasma
based on the gyrokinetic theory [3, 4]. It is found that higher temperature helium ash
increases the growth rate of ZF driven by collisionless trapped electron mode (CTEM)
turbulence, and this may bring good news for the improvement of plasma confinement.

These analytical works provide a meritorious theoretical foundation for
understanding the effects of helium ash on ITER confinement and the removal of
helium ash in future burning plasmas.
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Simulations on the electron dynamics in excitation of
whistler mode waves with Dipole Research EXperiment
(DREX) parameters

Hte

Chorus waves are widely investigated in space physics due to their significant role
played in the radiation belts. Multiple structures of chorus frequency chirping
elements, such as rising-tone structure, falling-tone structure, hook-like structure, are
observed in both space plasmas and the ground simulation experiments. In this paper,
the numerical simulation on the generation of falling tone structures of chorus waves
with parameters of a launching device, Dipole Research EXperiment (DREX), is
conducted by a hybrid code named DAWN. A falling tone structure of chorus waves is
self-consistently generated without other additional requirements except a hot electron
component as free energy source. A case of rising tone under the magnetospere
parameters is also carried out to verify our simulation. Phase space distribution of
electrons for the two chirping structures are analyzed, and the simulation results are
consistent with previous theoretical predictions. It is obtained from the simulation
results that the rising-tone chorus is observed together with an electron phase space
hole (a depeleted distribution function), while the falling-tone structure is observed

together with an electron phase space clump.
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Abstract
Nonlinear interaction between toroidal Alfven eigenmodes (TAEs) and tearing modes is
investigated by using the hybrid code CLT-K. It is found that the n=1 TAE is first excited by
isotropic energetic particles at the linear stage and reaches the first steady state due to
wave=particle interaction. After the saturation of the n=1 TAE, the m/n=2/1 tearing mode grows
continuously and reaches its steady state due to nonlinear mode=mode coupling. It is worth to note
that the tearing mode activity can cause strong increase of the n=0 zonal component and large
decrease of the n=1 TAE mode due to redistribution of energetic particles associated with
formation of magnetic islands. The generation of the large zonal flow could lead to formation of
internal transport barrier near the resonant surface that largely improves the energy confinement in
magnetic confinement fusion device or future reactor.
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4 % . Effects of sub-Alfvenic shear flow on the complicated properties of the three types of
unstable eigenmodes in a triple current sheet configuration are studied by means of an
eigenvalue analysis. As shown in Fig. 1, these unstable eigenmodes can be classified as coupled
triple tearing mode (M), coupled double tearing mode (M?) and three single tearing modes (M?)
respectively. It is identified that the velocity difference among three resonant surfaces rather than
the flow shear rate plays the more important role in the three types of eigenmodes. Thus, it is
found that for the symmetric shear flow (SSF), the growth rate of M! M® mode
decreases/increases with increasing the strength of the shear flow, while the growth rate of M?
mode 1s almost uninfluenced by the shear flow. For the anti-symmetric shear flow (ASF), it is
interestingly observed that in the small wavenumber regime, the M' and M? modes degenerate
into the similar eigenmode states with the same growth rate and opposite traveling frequencies,
as shown in Fig. 2. However, in the large wavenumber regime, the M? and M* modes degenerate
into the similar eigenmode states. Moreover, for both SSF and ASF, the growth rates of the three
types of modes are almost the same in the large wavenumber limit with weak coupling effect

among three current sheets.
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Fig. 1. Eigenmode structures of the three Fig. 2. Effects of the anti-symmetric shear

types of unstable eigenmodes. flow on the unstable eigenmodes.
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i % : Toroidal Alfven eigenmode (TAE) has been found to induce large energetic particle (EP) transport in
tokamaks and stellarators. In order to predict the nonlinear saturation amplitude of TAE which determines the
EP transport level in burning plasmas such as ITER, we need to understand the TAE nonlinear saturation
mechanisms, which could be complicated by the wave-wave and wave-particle interactions, non-perturbative
effects, and toroidal geometry.

In this work, we carried out the nonlinear gyrokinetic simulation of the TAE for DIII-D discharge #142111.
We found that dominant TAE saturation mechanism is the shearing of zonal flow. The effects of zonal current
is much smaller than the zonal flow. Zonal fields (zonal flow and zonal current) are nonlinearly forced driven
by the TAE three=wave couplings with a growth rate twice the linear TAE growth rate. Localized current
sheets with k_{||}=0 but finite toroidal mode number n are nonlinearly generated with a growth rate about 3
times of linear TAE growth rate. These current sheets are driven by a nonlinear ponderomotive force (dynamo
effects in MHD terminology) and can lead to nonlinearly-driven tearing instabilities as recently observed in
MHD-gyrokinetic hybrid simulations [1]. When zonal fields are removed in the simulation, the TAE mode
structures are eventually broken up by nonlinear E ‘times B convection, which gives a much higher saturation
amplitude compared to the case with zonal fields as shown by Figure 1. Our first principle gyrokinetic
simulations support the view that TAE saturation amplitude is determined mostly by zonal flow shearing rate,

rather than simply by linear growth rate from quasilinear theory.
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P 1 Left: TAE amplitude and energetic particle heat conductivity evolutions with and without zonal fields. Right: TAE mode

structures at 3 time steps of linear stage, nonlinear stage with zonal field and nonlinear stage without zonal fields.
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Abstract:

An energetic-electron-driven beta-induced Alfvén eigenmode (e-BAE) in an HL-2A
tokamak experiment (discharge #17461) was studied using a gyrokinetic particle
simulation code (GTC). Investigations of e-BAEs excited by an initial perturbation, an
external antenna and an energetic-electron pressure gradient were performed, and
the measured eigenfrequencies were found to be close to the experimental
observations and the theoretical predictions. The damping mechanism is also
discussed based on the simulation results. The e-BAE becomes unstable when the
driving force of the energetic-electron pressure gradient exceeds the total
background damping. Simulations show that the e-BAE propagates along the
diamagnetic direction of the energetic electrons and that the most unstable mode
number is n/m = 1/3, and these findings are in good agreement with the
experimental observations. The simulation results also show that the mode is
radially localized near the rational surface. The mode width and growth rate both
increase as the background plasma density increases. As the density and
temperature of the energetic electrons increase, the eigenfrequency increases
slightly, and the growth rate increases considerably.
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Abstract:

A high-order implicit multidimensional particle-in-cell (PIC) method is developed faor
simulating plasmas at solid densities. The space-time arrangement is based on Yee
and a leapfrog algorithm for electromagnetic fields and particle advancement. The
field solver algorithm completely eliminates numerical instabilities found in explicit
PIC methods with relaxed time step and grid resolution. Moreover, this algorithm
eliminates the numerical cooling found in the standard implicit PIC methods by using
a pseudo-electric-field method. The particle pusher algorithm combines the standard
Boris particle pusher with the Newton-Krylov iteration method. This algorithm
increases the precision accuracy by several orders of magnitude when compared
with the standard Boris particle pusher and also significantly decreases the iteration
time when compared with the pure Newton-Krylov method. The code is tested with
several benchmarks, including Weibel instability, and relativistic laser plasma
interactions at both low and solid densities.

This code had been extensively benchmarked with experiments, for example the
laser driven ion acceleration experiment conducted at Peking University. This
simulation framework can be directly applied to laser driven particle {electron,
proton, neutron, and position, et al) sources, laser driven x/gamma ray sources, laser
driven THz radiation, fast ignition inertial confinement fusion and many others.
Based on this simulation framework, the future prospect is also discussed.

Email: dwu.phys@zju.edu.cn

Reference:

[1] Dong Wu®, W. Yu, S. Fritzsche, and X. T. He, "A high-order implicit particle-in-cell
method for plasma simulations at solid densities”, Phys. Rev. E, accepted
[2] Dong Wu', W. Yu, Y. T. Zhao®, D. H. H. Hoffmann, S. Fritzsche, and X. T. He,

"Particle-in-cell simulation of transport and energy deposition of intense proton
beams in solid-state materials", Phys. Rev. E, accepted



EP001 LTS E
BT EHRAKETRALRKE B R5TIR
AFAE, EMGA, X, AT, WEH, 2. ILRE, RAFE, PR

F. MR BLE, RFK
T kF4h SR, LT 100871

Email: wenjun.ma@pku.edu.cn & x.yan@pku.edu.cn

T KEBUE A — BB 2.3 3 4.4 SRR Z ERES, HEKIEER IR EMBRERIER Z [
B, 7K T B B 7R K P A A A e A L T A B R, SRR e A 1 7 S R 19K B B S R A
TP ARR, FEAWSF EAHTIZHMNA . KW BHRS 7= E A X EAFERE T INE R[5
SN E b RO, BLRIE T A ARG IO 2R T FEIR A . R R BRSSO AR FIR SR
BB 20K & BURAHREIT SRR T Sl

AT AR = BB SR BOC SRR R LA H , SeR0 55 AR 1% R 0T U= s AR K
WEEAT . SCIh RSN 1.1 45, 30 WRRIEX HUREBO, SMRE AT T R A e B S A R
WEEE TR ENRE, JFERZCHHE GO0 R T WA R T KK E BRIk 1 fios.
LR G RBWHR T PR, SRAVKE ALK & B A # 20 fFA9# i, AANSROEE]
KB BUR B B e Bl R T LUA S A%, dhAh, SCHG ST T HOBREE . (RIRABREVKE AL A9 R R
TR B B Y ORI

C le.rrr )

12 ——40 um CNF

_— 120 nm Plastic (20=)

3

£ 8f

2=

g L C Hea

o4t ]

20x O Hea (2nd)
2 C Heg \ H
0 _/J I\,___,\_An\____ - - — i
34 36 4 4.2 4.4

Bf{nm)
B 1 BN B MR A I R R A K B BAR X B

FEbA: KEBARS MREUKE
BEEWH: FEFaRFFESTH (N0, 11535001, 11775010, 61631001)



EP002 LS. E
EAST 3B WA 7 K ITH[E[{E{ (TOFED) £ 34 = B iU B VR {&
RS FR TR
ibEske, MEME S, B R4, BEFE, ML, HKEHL, K
b, Bekde s, ke, #ERS, ML, FEF, Giuseppe Gorinid,

Massimo Nocente ¢¢, M. Tardocchi %¢

AT RFMRFEAMEESEBEARRELREE, LT 100871
b B TAEIEHIE, A 621900
© v AHFRFEFIRIBIEH T, 485 230031
4 Dipartimento di Fisica ‘G. Occhialini’, Universita degli Studi di Milano-Bicocca, Italy 20126
¢Istituto di Fisica del Plasma “P. Caldirola”, Consiglio Nazionale delle Ricerche, Italy 20125
Email: jgsun@pku.edu.cn
W, EBEEEEXRMFERYE JET, JT-60U) ERFMAEE S, £ 5EASTHIE DM I RT R

it SR Sr M EARZI40 mP A E A T2l R . FS R SEE M 2150 em. BAR{UN4 emif)
HEE AL SEAST T HE, M TREMSE CirafEhFae{ (TOFED) fEMBMEEFFelit#, If
BITHXSE HAMBELRTTI. LRE SEASTRIT ZMH150 om /55 M EE v] LLE & Mot >
TOFED B X BRI B A e rp TR AT LR, JLA80 0 59 BERA KR40 em R ER L5 . A TAERX A R4 F
VETEFFMCNPS R S5 % () B v ELRACRGEEAT 1V R0, AP Al o ol B LM PR A s B 8 Py R )
PR XA, B3 T TOFEDISS 7 RE A4y, TR PR T 2040 150 2 st s 207 %
MRAGEHHIER, P el s A AR, SRR RN A T BE KRR B T %
2WR{E2.5 wSvh; FrfatEEEAER T FRE/ L P ESEETSHRUSAS, RN, S
TSR FENEE R M7 EEE oA . TOFEDESCHLIT W EUR LB, WTOFEDE:T+h FBEik 2
B ) PR T T P BT S e LA HRE -

XA PrREsE TUTRIEREY BT RS ZAeFIR

430K

[1] Nocente et al. Calculated neutron emission spectrum with knock-on effects for RI heated (3He) D plasmas, J. Nucl. Fusion,
2011, 51(6):063011.

[2] Chen et al, Simulation of neutron emission spectra from neutral beam-heated plasmas in the EAST tokamak, Nucl. Fusion, 2013,
53, 063023

[3] Zhang er al. The Design and Optimization of a Neutron Time-of=Flight Spectrometer with Double Scintillators for Neutron
Diagnostics on EAST, . Plasma Sci.d& Tech, 2012, 14(7).675-682.

[5] Du et al. Design of the radiation shielding for the time of flight enhanced diagnostics neutron spectrometer at Experimental
Advanced Superconducting Tokamak, J. Rev. Sci. Instrum, 2014, 85, 11E115=11E115=3.



[6] Johnson M G et al. Modelling and TOFOR measurements of scattered neutrons at JET, J. Plasma Phys. & Controlled Fusion,
2010, 52(52):085002.

FE&H . EHypie i BArse £ (Ml S - 201368106004, 2012GB101003, 2009GB107001,

2008CB717803) . EZH HMAF RS E KT HEHMES: 11790324, 91226102), B 5 HE 45
MR (%%5: 2016YY0200804, 2017YFF0206205 )



EP003 LTS E
P RACRE E R T FE T ERRLT R

PR, LEE, ER. FHF

B Ay LESr, Kiv 420073
Email: shanfeil4(@nudt.edu.cn

L. RSP R [ A R, AR R R R R, HAFEE KR WA Y ELAR
fit. AEAFFE TESURBOCINER THEA, S TRE TEEARRWET M mET R, a1
IE AL AT LA B R M 3 GUAH AR, TR 2 5 DA R AR S ) ol Ao 5 75 I P 0 o T LA [ B B I, A
AR AR R AFIE b, A8 RA ME RN P AR T AR, B RO S IE S T B T AR
T A AT B R S O IR

L e AR WO R LR A AR A T AR T I A2 o IR B S RIS, eI e, WG
MR R R TR R, T R R [ s A O R S . A S IERETEE
TARLRUAI TR, BENA R atE, BRI AR, f7 BRah A IE i 7 Bkah Z [ A 22
MK, REAR, EoETMRREL BEIERS TR, SRR ARk R
10%'w/cm?, {64 100pm, 7BBFFAT BobfeR 150MeV. 8k B A b i B i) I 5 el 7 ko 7] BL

Ik A R AT O 3 ) S

Kbt EH R FER TR Bl REOe 28 B
SR
[11  RufM, Mocken G R, Muller C, et al. Pair production in Laser Fields Oscillating in Space and Time[J]. Physics Review
Letter, 2009, 102: 080402
[2] Shen B F, Meyer-ter-Vehn J. Pair and g-photon production from a thin foil confined by two laser pulses[J]. Physics
Review E, 2001, 65: 016405



EP004 EFHRS: E

FEIBER N5 8 T 1 B — SR 1L S R 4 AT B A BT

FRE. FEE, M, KE, HE, KT, A2R

AMKT, HAFR, FHARHARTHRERREE, 74, 475002
Email: chenggang@henu.edu.cn (G. Cheng)

REVRFIFR LR R A EHILF OB BB, HRHSREERAxE. BTk (HV.
kV) FUEHRA (pA) EBRBAWIH HAEE, NMESLRFETH AR (PMC) HEIENN
38, {2 PMC ok ET L. A, TTHAERE CuRGERARE) BA .
BN TERAE S WIS, TRERW TSR E AR R, SR T ORI A . R
P A e R R AR X — il B 20842 2 — . SRR R AL S R
BIBR-BRIEEA SR . IEER, SHTHREU R ML S, KRN bt
FHAR. 2018 4E, FIKHFIPEH THEE FAWN S Teng &4 FEERERE, LT RS
EASEE R SHUERIMALES S, 75 Teng MEE S - SIBEANSSHETHAN
. APFFIES, —RbR0R R RS S TN XA YR . L s FiEbem—4
B RBVG R THBE s, LUTEHNEHE T 8 hE corfE R,
FfFINE EE A — B E SRS T, PRI RE. &6 X SRR FREE IS
Bz 3R, AT LRSI MR AL S R R A B IS i B B R T ORI

LR iy R AL EE
(b)

3 F*100ppm CO E
meadle ﬂ-. ;

o
CO+0Or 2 After the reaction i
2 i

Ga Oy = Before the reaction
Pt
2 4 6 3

Time (min)
ESWH: ERAAREESE (NO.61522405), TRRHEIHMEANATH
((194200510004), PHEERLITSFHFMFE AT FIIR (PCSIRT_15R18),



EP005 RS B
Toroidal modelling of core plasma flow damping induced by RMP fields

KA. X|44k3%, REER., T, FAMK

A LB AR IL, AAT 621001
*Email: zhangn(@swip.edu.cn

fi§ # . Resistive plasma response to the n=1 RMP field is systematically investigated for a
high-beta hybrid discharge in ASDEX Upgrade. Both linear and quasi-linear response are
modelled using the MARS-F and MARS-Q codes, respectively. Linear response computations
show a large internal kink response when the plasma central safety factor qo is just above 1. This
internal kink response induces core neoclassical toroidal viscous (NTV) torque, which is
significantly enhanced by the precessional drift resonance of thermal particles in the
super-banana regime. Quasi-linear simulation results reveal a core plasma flow damping by
about 25%, agreeing well with experimental observations, with the NTV torque playing the
dominant role. Sensitivity studies indicate that the internal kink response and the resulting core
flow damping critically depend on the plasma equilibrium pressure, the initial flow speed, the
coil phasing and the proximity of qo to 1. No appreciable flow damping is found for a low fy
plasma. A relatively slower initial toroidal flow results in a stronger core flow damping, due to
the enhanced NTV torque. Weaker flow damping is achieved as qo is assumed to be farther away
from 1. Finally, a systematic coil phasing scan finds the strongest (weakest) flow damping
occurring at the coil phasing of approximately 20 (200) degrees, again quantitatively agreeing
with experiments.

J2817: Internal kink response, Quasi-linear simulation, flow damping, NTV
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[1] Fu, )., et al., Preparations for the motional Stark effect diagnostic on EAST. Review of
Scientific Instruments, 2014, 85(11): p. 3.
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Aipw THART EFMA SRR BT R LT (20156B103002), = ERFE AR AR SR LE A
BFATE (2017THSC-KPRDO02), MZFE&AHFRITRIAE (2017YFE0301300), LBE T HEFEREE
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In view of ITER operation, it is required to develop an equilibrium reconstruction
code able to run in streaming mode, enabling live output of equilibrium parameters during ITER
discharge. The requirements, both in terms of latency time (1ms) and accuracy (e.g.1 cm on gap
calculation) are highly demanding. The GPU parallel equilibrium reconstruction code P-EFIT [1],
which has been routinely providing magnetic equilibrium solution with 129x129 spatial grid for
real-time plasma shape and equilibrium control in EAST operation [2], has a great potential to
fulfill ITER streaming equilibrium reconstruction requirements.

After adaptation to ITER geometries and parameters, P-EFIT could provide magnetic
equilibrium reconstruction using ITER’s available magnetic diagnostics (flux loops, saddle coils,
magnetic probes and Rogowskii coil). Benchmarks are performed using synthetic magnetic
diagnostic signals from ITER plasma equilibria obtained by the CREATE-L [3] and CREATE-NL [4]
codes. Initial results comparison show that P-EFIT could meet the accuracy requirement in most of
the considered cases; moreover, computational performance test shows that P-EFIT could
complete one magnetic reconstruction iteration with a 129x129 spatial grids in 0.7ms on a
hardware platform based on Intel E5-2667v3 3.20GHz CPU and Nvidia Tesla V100 16G GPU.
Further works will focus on optimizing algorithms and modelling to improve accuracy and
computational performance, and on developing a data interface with the discharge simulation
systems.

References
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Abstract:

Experiments have been performed on EAST under the proposal of local gas injection on international
thermonuclear experimental reactor (ITER), to characterize the increased Ion cyclotron range of frequency
(ICRF) antenna loading achieved by optimizing the position of gas injection relative to the RF antennas. The
ICRF antennas are installed on I- and B-port on EAST. The injection gas is deuterium from mid-plane inlets.
No particular effort is made to keep the central electron density constant. The experiments show that with the
gas injection rate increasing from the B-port mid-plane the B-port antenna coupling impedance increases about
40% than without gas injection. The antenna coupling improvement shown in figure 1 is mainly dependent on
the local gas injection. An increase in the serape-off layer (SOL) density was measured when beginning gas
injection from outer mid-plane. The experiment results are similar with the results observed on ASDEX and
JET [1-2]. Optimized gas injection was also found to reduce impurity content in EAST plasmas with ITER-like
tungsten (W) wall. The experiment data strongly support the application of local gas injection on ITER ICRF
heating scenario.
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Figure 1. ICRF coupling resistance evolutions during the gas puffing experiments of puffing on B-port at two different rates, I-
and J-port,
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Low-latency, high-quality plasma vertical position and velocity estimation are essential for
improving plasma vertical displacement control to achieve maximum confinement and stable
operation. The existing vertical position estimator in EAST is designed with the highest precision in
mind and without considering the latency and the accuracy with other coils disturbance. In addition,
the velocity is given by the derivative of the position, therefore, have a low signal to noise ratio
(SNR) which limits the gains for the proportional and derivative (PD) controller. The feasibility of
using the loop voltage pairs to provide less noisy velocity signal has been confirmed [1] in EAST.
The response model of magnetic probes and loop voltages to plasma displacement and coils which
given by a precision model of vacuum vassal and active coils will be introduced, and the model
based method of selecting the magnetic probes and loop voltages for vertical position and velocity
estimation will be discussed. In addition, the performance of the optimized estimator will be
discussed and the comparison will be made between the optimized estimator and the existing
estimator by experiment result. Experiment show that the loop voltage signal based estimator has a
smaller latency and a higher SNR, and allows larger gains for PD controller.

Reference
[1] L. Liu, et al., Fusion Engineering and Design, 138, 170-174(2019)
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Abstract

It iz well known that plasma rotation may affect the magnetic equilibria and thereby modify
the stability properties of the magnetic configuration.In this work the effects of toroidal flow on
the ballooning modes of EAST tokamak are numerically investigated using the code BOUT ++
coupled with the How equilibrium. It is found that a toroidal How with shear can significantly
modify the safety factor q profile and pressure gradient VP, which then affects the ballooning
instability. The growth rate can be reduced when the toroidal flow Mach number M > 0.3 for a
rigid flow. A shear flow can give rise to a stronger stabilization of the ballooning mode even with

a smaller Mach number.
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