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Fig. 1. Distribution of the real ({2:) and imaginary ({2 )
parts of eigenvalues of ITG when ed¢g/T; =0 (a) and
0.1 (b) in the short-wavelength limit. In both cases, the

ground state with [ = 0 is the most unstable eigenstate.
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Fig. 2. Mode structure of the most unstable mode of ITG.
The blue solid and red dashed lines represent the cases with
edpp/T; =0 and ed¢g/T; = 0.1, respectively.
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Fig. 3. Dependence of the growth rate (a) and real fre-
quency (b) of ITG on the amplitude of EGAM ed¢g/T; in
short-wavelength limit. The blue circles represent the nu-
merical value obtained by directly solving the eigenmode
equation (9); while the red crosses represent the theoretical
value obtained by solving the dispersion relation (14). The
real frequency and growth rate of ITG are normalized to
Cs/L7, , with C2 =2T./m; representing sound velocity.

The parameters used here are er; = 0.2 and b=1.
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3.2 KIKEKRR

31 P THE RS AT MEOR b> 1, XjE—
AMRBR AR, 2 b BTSN, ITG ) [ 53
i A 1) i B TS, AR b S 1R
WFRT, s E IR FRGL. TR PRI
T ITG #7358 B 5225 18] S8 BEAR /DS, AHAR B 1] 73
2 [ ARG AR LSRR A LSS, PR
5 /S E I KPR P AAE AR ITG A
o ITG PIAS 7332, AR SCHE S S0 B (E S AR A
I 32 I ITG (AT RS F 2 A0 5 |k
FIPRASFABIE (0 ~ O(1) ) F18 00 S0 10 A2 - 687 ) T

215217-6


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 21 (2023)

215217

FAma R . AT AT S R SO R AT AT
FEZ4aTE (IE EE T n B S 300 55 246 240 - i Lz
(E T 23 0m0) P53 2], il LIS H 2 =
O(b=1/3) . i, AT LARE IR S (AR ZE A6

#(0) = 3 |Citen) cos (%520

!
1

+ Si(én) sin <2l;_77) ] , (15)
Hrp e =013 O F1 S, A PATIEZE A IS AR 45
Wiy (15) ﬁ/\ﬁﬁz (9) J54 sinn/2 Fl cosn/2
P RECH 0, KIEKWMRT ITG BYAAER 7 F2 /)
LISy
dsS b2 03 1
E—i_ 1+TQ€1/2 - Apt/3

+ q292b2/3AE6¢E> Co

+ 202138, S0 + 5q2n2b2/3Ag%so =0, (16)

@_ b2/3 2()3 - B 1
dm 1+ 7951/2 4bt/3

+ q292b2/3AE&¢)E> S,

— @3, Cy — 5&9%”%&%00 =0. (17)

BITRE (16) XF m SR R RRA TR (17), FE1EAR
FRAE S ' = n 4 b3 Agdor /28 J5 BRI AT £5 5] & F So

B AA 5 R
dQSO b2/3 203 1 2
dn® 1 rel? 4B

+ @035 + q202b2/3A55¢4 Sy

— 2035428 = 0. (18)

FRER AR (18) MR E AL ) = an’ , LIMENS
HAHARUEIE R v — Ay + 7%y =0, H, A=
(20 + 1) AIEARNAE T FE AR, AR 385k,
[FIFE, MIE 5(a) FIE 5(b) A Fl AR E FIAEZS
WIEFED, HEHOCRH TG H:

Adpg ex? 1
W(i];{?m_ﬁllfqg: yees (19)
TR (19) ZEdh 5 I AR ] L L m = 0
Sy TRk, T PSR RARER T 9 ITG bk
KFRBA Tk, XA FER BRI T ITG
(AT REES A AR S8, WAL 6 FT7R, MK EGAM
Mom=1MEERIFHT. K 7HHT ITGH

3+

HE AR SRR 0 A2 ] FEL 7 M B2 OB G 3R, T DL &
PURE I A B AT B A 30 . B UL, S48 m]
HL 3738 edop /T, M\ O G 3R F 0.1 B, ITG Ay3E K
FM 0.028 FFEF] 0.020, FFEZ) 28%. SILAHEL,
MIEKE T, ITG MK R KR T L 50%. X

1.5
(a) +
+
1.0 + 4+
+
0.5 NE S
& 0 e
—0.5F 1¢,
+
~1.0t +r
+
+
_15 . . .
—30 —20 —10 0 10
0,
1.0 -
7
(b) .
0.5
%ﬁ
O -
*, .
r
. —0.5F + + + o+
o] [ R &
—1.0F ﬁ#ﬁ N I
—15F +
o
—2.0 N
+
—2.5 L
—20 —15 —10 -5 0 5 10
2

K5 KEKWRT, ed¢r/T,=0 (a) F1 0.1 (b) i, ITG (¥
APEAE ST FEMFIE AT, RATEE RIS [ = 0 BT
Fig. 5. Distribution of eigenvalues of ITG when ed¢g/T;=0
(a) and 0.1 (b) in the long-wavelength limit. In both cases,

the ground state with [ = 0 is the most unstable eigenstate.

1.0

—— Without E.
---- With E,

0.5

Amplitude
=)

—0.5F

-1.0 : : :
=20 —10 0 10 20

n

6 KKWMRT, edop/Ti = 0.1 10 W, ITG A Fa
FE RS B AT AR A A i, E (LSRR RN AR e L 3
T ITG B, 21 0 1 R n A BRAZ [ s ) ITG 1Y
gk

Fig. 6. Mode structure of the most unstable mode of ITG.

The blue solid and red dashed lines represent the cases with
edpp/T; =0 and ed¢g/T; = 0.1, respectively.

215217-7


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. 72, No. 21 (2023) 215217

LA, 7E [FRE I BE T, A2 1] L b 0 Jo U8 K A B )
ITG M BERRCR X B KA R 9 1TG 5%, {H 2
BAVHEAEEE R AZ WA, TR (19) hAS
A5 B P PR A DR, U A I KA PR 4 B
HIFTRE AN ITG A3EK R g [RIRE, T
MEAEOCR (19) UL % BB AXT ITG HZ PR
O R BRI, O T B UEX — i, SRS MK
% B A R) R A, BRZERIF 5 — AR g sp g 55 — 4
Kl G R E 8 s, 45 R, HAFTEN 9] e
Bt R Al e M RN AR AEAE B, TTG 1Y X
EGAM Mg BRI RIEAR—F, [FInF, RAFES
JEP BT, ITG H KR AR EGAM I B AR 1.
I, FER KR T, EGAM iy ¥4t sh & 55

Dependence of vy on EGAM intensity

0.030
(a) —e— Numerical
—>*— Theoretical
0.028
2 0.026
~
>
)
= 0.024
0.022 |
0.020 . . . .
0 0.02 0.04 0.06 0.08 0.10
edor/Ti
Dependence of w, on EGAM intensity
—0.034
(b) —e— Numerical
—0.036 L —*— Theoretical
. —0.038 ¢
=
2
= —0.040
S
3 —0.042
—0.044 F
—0.046 . . . .
0 0.02 0.04 0.06 0.08 0.10

edop/Ti

B 7 KERKBET, ITG R KR (a) 5L (b) 5
EGAM B ed¢p /Tt B K Z . (0 5 5 2670 0 HE B0 SR A
ANEAH TR (9) BB BUE M, 20O SRR RIS 6
WO R (19) 15 20 Ay BEIE A7 . X PR K BT B9 2 80
er;, =0.2, b= 0.01

Fig. 7. Dependence of the growth rate (a) and real fre-
quency (b) of ITG on the amplitude of EGAM ed¢g/T; in
long-wavelength limit. The blue circles represent the numer-
ical value obtained by directly solving the eigenmode equa-
tion (9); while the red crosses represent the theoretical
value obtained by solving the dispersion relation (19). The

parameters used here are e7; = 0.2 and b = 0.01.
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SPECIAL TOPIC—Energetic particles in magnetic confinement fusion plasma

Effect of radial electric field on ion-temperature gradient
driven mode stability”

Chen Ning-Fei  Wei Guang-Yu!  Qiu Zhi-Yong V2T
1) (Institute for Fusion Theory and Simulation, School of Physics, Zhejiang University, Hangzhou 310027, China)

2) (Center for Nonlinear Plasma Science and ENEA C.R. Frascati, Frascati, Italy)

( Received 17 May 2023; revised manuscript received 26 September 2023 )

Abstract

To understand the effect of given radial electric field on ion-temperature gradient driven mode (ITG)
stability in tokamak plasmas, we derive the eigenmode equation for ITG including the poloidal rotation and
density modulation associated with radial electric field by using nonlinear gyrokinetic theory. The equation is
solved for the eigenfrequency, growth rate and parallel mode structure of ITG both in short- and long-
wavelength limit with energetic-particle-induced geodesic acoustic mode (EGAM) as a specific form. The
eigenmode equation is not only solved analytically, but also solved numerically to validate the analytic
solutions. It is found that, the radial electric field induced poloidal rotation can significantly stabilize ITG, while
the density perturbation of the radial electric field may slightly distort the ITG parallel mode structure, but has
little effect on ITG stability. The result is consistent with the common picture of turbulence suppression by
poloidal shear flow. The general model is also applicable to the investigation of the indirect interaction of ITG
and energetic particle driven Alfvén instabilities via zonal structures generation, by introducing poloidal
rotation and density modulation associated with zonal structures spontaneously excited by Alfvén instabilities.
The indirect channel is supplement to the direct interaction of microturbulences and energetic particle driven

Alfvén instabilities.

Keywords: ion-temperature gradient driven mode, radial electric field, energetic-particle induced geodesic

acoustic mode, nonlinear gyrokinetic theory
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