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Fig. 1. The equilibrium used in the simulations (¢N =
0.8-1.0, where N 1is the normalized poloidal magnetic
flux): (a) Pressure and current profiles; (b) resistivity pro-
file in the pedestal region. The vertical dashed lines in yel-
low, red, and blue correspond to the top, middle, and bot-

tom of the pedestal, respectively.
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Fig. 2. The propagation trajectories (blue, red, and yellow
curves) and deposition locations (vertical red dashed lines)
of the injected ECW in the plasma, the black curve repres-
ents the plasma boundary, while the green curve indicates

the position of the first wall.
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Fig. 3. Distributions of the (a) deposited power and (b) dr-
iven current in the plasma after ECW injection; here, s is
the propagation distance of the ECW, and ¢n is the nor-
malized poloidal magnetic flux.

100501-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 10 (2026) 100501

ECW 1E55 B TR R RIS S S T
PR JRyBISHRL BE T e, AHRE AR S R Dy
AT, (1) = 2Pyep (1) ton/3ne (1) k,

Hor Poey MUTRINR, k ANBURZZSHWE, ne B
B ARBREE BUNHE10 m3 . to, N ECW Jikih
FRELmtE], BUA 1 ms, (HH 5 AR ELM JE )
(29 1 kHz) FHPCEL, A s )2 8 AR UE T
Peahre ELM ikl f b pofese v, 78 i 7 Il et
ARk R s R S IR R AR N T T
Bl 4R e R RUBE P AR N, R AT
& ECW JEAG R PR L. %A — )7
FLEEMUA S B TR RRH, o — T TR 2 R A B
R, I, ECW A T 724 dnfE 3(b)
B sh AN, S5 AFL WE(E A B
AR B DR PR, 38 2351 AH I A9 5% 1AL BH A
. 38 A R [ f ECW AT I A HL
R A B Bl 53 0 & i 2 s b4, v 3RS — R
Y e ECW A H B8, ZE e I, smadif
BB P-B B RRUEYE, BTG ECW
X ELM B4 il B8R

3 BWERM
3.1 ECW i P-B & MEARTEE RIS

FHF i ELM 9 FEALH Y P-B A i HL
9K B 114 R B AR 55 e i s B K Bl 1) RCBR A B T 1
() 1201 R, ECW ¥ AT 5 | A& B FE 8 5 H S 3 o))
K250 P-B BEROREENE. AN, T e B2
553 R o 24 f 1 R R0 DA B i S BR A 1) R R
PR R r BHAR 2 R RE 22 k2R P-B B RRPE. X
HEWRTE, ECW M A5 R A B I . R 3 0 e B4 3
BT RETE R [RI AR BE s P-B B AR R tE. A
JEE S PSRRI B KR, A5 % &
55 220 W3 RN PR S5 A 1) P-B AR IS KR
RG0HT ECW TE & I X8 (T558 ., HhaB L JICHR)
TORRIRE X R 1 K S [ IR o e il An k) 7
J A5 b A B s g — R B, R A A
H—PLghxt P-B B PERSK A sk, M HEIR
th ECW 520 P-B BIAFRE M) = SR .

K 4 JBR TH ECW i AG & IHL  FE5R A
F, R 20 [R) B 28 on 380 D 4 A 1 i) P-B A2k
PRI A 25 T, 78 A 30 R 30 17 A 15 O

(18l 4(a)), P-B AL KRB ER m 5L n BE K
ARG, A ECW J5, B il i KR 2
PR 2 ECW PTG 3 Rt (406
FELR), B KR B DURLT & BT (e
HEZR), A A REAG; AR T & HE TR (2
L), XA E . JC AL EI R Y
Peoh s T 65 2 R0, 122 X Bk Ay st B 5 L i 2
FE RGOk, SRRl T P-B LAY BN SR, ik
WSR2 BTF. MR F A R, Rt
AT T 5 IR, B G B AR R R A
JIN, TR £ R P 3 J it Ao 38 P 72 A fef A AR 25 4
AR, WE LRSS T P-B HIRSh R, SEu
KRR S T 62 T0RE, T F 0 4G
R B 5 T A By ELA A 5E Y 5 S S5 4, TOR I o b
T P-B MRS F 0 Gk X e, R T X K A K R
AR NI

0.12
(a)
e -4
P
_»A"'—
| ,/"A/’ PR
< A o ‘;":Q.:W— R
2 s
= W 8
SO Py —— w/o ECW
T e Opo = —40
< ~4- fpc = —45
Opc = —50
0.06 . . ;
10 20 30 40 50
n
(b)
0.06 I A
e
______ PN
xxxx - 3
< - o
< =\
—— w/o ECW
e fpg = —40
0041 . e = —45
Opc = —50
10 15 20 25 30 35

n

4 ¥ ECW TEA B0 i i . He 5 R e BEL A 3 [ i &
TR G A B P-B LM KR (a) A BN
SR (b) 2 1 B

Fig. 4. Linear growth rates of P-B modes when current,
pressure, and resistivity perturbations induced by ECW in-
jection are simultaneously superimposed on the original
equilibrium: (a) Without diamagnetic effects; (b) with dia-
magnetic effects.
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Fig. 5. (a) Linear growth rates of P-B modes with toroidal
mode number n = 50 without diamagnetic effects; (b) lin-
ear growth rates of P-B modes with toroidal mode number
n = 20 considering diamagnetic effects. The red triangles,
green crosses, and purple circles represent simulation res-
ults with only pressure, current, and resistivity perturba-
tions superimposed, respectively, the blue asterisks denote
the case where all three perturbations are applied simultan-
eously, the horizontal axis indicates the radial location of
the perturbation peak, and the black dashed line represents

the linear growth rate in the original equilibrium.
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Fig. 7. Distribution of the onset time of the ELM crash and
the corresponding energy loss amplitude during this phase.
Red triangles, green crosses, and purple circles represent the
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ity perturbations superimposed, respectively; blue asterisks
denote the case with all three perturbations applied simul-
taneously; the intersection of the two black dashed lines in-

dicates the reference value from the original equilibrium.
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the corresponding energy loss amplitude during this phase
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Abstract

Based on the design equilibrium of a fusion-reactor-level device, this paper systematically investigates the
active control mechanism of edge localized modes (ELMs) via electron cyclotron wave (ECW) injection through
comprehensive numerical simulations. A three-field reduced magnetohydrodynamic (MHD) model within the
BOUT++ framework is employed, coupled with ray-tracing calculations from the GENRAY code, to simulate
the localized deposition characteristics of ECW in the pedestal region and its subsequent impact on the stability
of peeling-ballooning (P-B) modes. The simulations are performed under reactor-relevant plasma parameters,
with ECW power deposition profiles systematically varied across the pedestal to assess their influence on ELM
dynamics. The results show that the ECW deposition location plays a decisive role in ELM control. Specifically,
mid-pedestal deposition enhances P-B mode instability and increases ELM energy loss, whereas deposition at
the bottom of pedestal effectively mitigates ELMs. In this process, ECW-induced pressure perturbation is
identified as the dominant factor influencing P-B mode stability. Furthermore, the plasma resistivity is found to
significantly modulate the effectiveness of ECW control, exhibiting a strong coupling with the deposition
location. For mid-pedestal deposition, the mitigation effect shows a clear resistivity dependence: under low-
resistivity conditions, ECW injection effectively suppresses ELMs, whereas under high-resistivity conditions, it
exacerbates ELM instability, leading to increased energy loss. This occurs because pressure perturbations
induced by mid-pedestal deposition reshape the pedestal structure: at low resistivity, a narrower, steeper local
pedestal forms that limits the crash width, while at high resistivity, the inherently stronger P-B mode
instability causes multiple crash regions to develop, enlarging the overall energy loss. These findings highlight
that the effectiveness of ECW-based ELM control depends on the synergistic interplay of deposition location
and plasma parameters. This study provides important theoretical insights and optimization strategies for

ECW-based ELM control in large-scale fusion devices.
Keywords: Tokamak, edge localized modes, electron cyclotron wave, peeling-ballooning mode
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