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Fig. 1. Evolution of the strength of the three waves with
time when the linear growth/damping of the three waves is
ignored. Red solid line, blue dashed line and black dotted
line represent the evolution curve of pump wave, sideband

and ZFZF, respectively.
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Fig. 2. (a) In the parameter space of v1/v0 and 7z/v0, when the parameter value is set in the yellow region (marked by U), the

system grows infinitely, while in the blue region (marked by S), a stable state of the system is obtained; (b), (¢) time evolution

curves of the three waves in these two cases.
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Fig. 3. (a) Time evolution curves of pump wave |¢po| when v1/v0 =5.0, vz/70 = 5.5; (b) time evolution curves of pump wave

|¢po| when v1/v0 = 5.0, vz/v0 = 5.8 ; (c) scatter plot of z, = max {|¢po(t)|} varying with ~vz/vo.

T EGAM. SERR b, X ful J& A %) 80 10 X FR )
FL R X RS B T AL AR S ), 27 ) FH IS AR 94 7
WFFE, UNAN I B e i 1, DA % Pl At 3 3 (i
IRIS ARG TE) BT GAM/ZFZF 4.

4 EGAM *f Dimits X E & % 8 5 v

Mg — 5 BB FE, AT AR — R E B F
it Dimits KR WM R G WO B4 (1)
v =10, 1 =3.0, vz =3.1, IE A EGAM Z
ATHTEAS I -ZFZF RS0 T 1 4(a) s B9 8 34
DR L. AR IR EGAM X
JRR G RE. S T R AR B E AT e I, 1
1A EGAM W 2| FH — B - 1 14 5 1) 3 ok ik
PE, tE 4(b) B,

4.1 223 EGAM X Dimits KiER R mni
1=
75 ﬂl'n]

HEEE—A R 1) EGAM, X h TH %
I/NT B 4(a) o EIR G R R TE . I AEAR
K —BEiF R, EGAM A F R - R i
IARUE— %L o, MITTAT LA Z0E EGAM 1 J& A
W, Bhrfedl (1) 5h

<d - Vo) o = —P1¢z,
d

()
d

<dt i W)

XFIZ I R, Set ot oA Bl S g igs e vE. 207

P pgEtE S ECh 0, F5BIUINT 5 AN B S

bo(Pz + PE),

o1
¢z = PoP1. (11)

(07 07 O)a (:F VZ/VOCL-H j:\/ Y07z, _a-‘r)a

(i Yz/Y00—, * /Y072, af), (12)

Hday = /Aoy + 0F/2 £ /2. TERE R 012 HF
4%, Wi ARG B R e H
P ME—UE. B 5(a) A T Y ¢ = 1O 54~ A
Bl s FEARZS [ AR X 53 A, Horf PURIL P, Pyl Py
KT oz HIXTFR. XM TR (11) IS5 EE A
B W (G0, 1, z) EITRHIIR, (—do, —d1. ¢2)
WSRABIE T R i

ANy B AR E AT DL S AN B A
Jacobi FEFFEARE, XN TZEA BN s RS
1533 B AN E G0 T R 1) ZR R R -

Yo —¢z —P1
J=|dz+ -1 9o |, (13)
o1 ®o Iz
HAAEAE AT ff 15
VO PNV
3 2
1 - /3
n 2\/gl(b_c)l/3’
~1—+/3i
7(2) _ g + \/§I(b+c)l/3
3 2
n -1+ \/gl(b o 6)1/3,
2
NC) J— % (bt 0)1/3 +(b— 0)1/3, (14)
/\'4:‘
U L S

c= [bg + (d/3 — a2/9)3} 1/2,

015201-6


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

Y B ¥ R Acta Phys. Sin.

Vol. 71, No. 1 (2022) 015201

(a) — ldol — =[] - | bzl

Amplitude

A
(b) EGAM

Y

B4 (a) A EGAM ZHT R G0 R WIPEYR . W (92 | 5 (0 R 4l (0 s 43 AR R BRI O | 303t ORI ZFZF A1 ) I ) 3 Ak
k. (b) EHIHR G 9 EGAM £, 91 4R B Bz A0 4% ik LA 92 307 i i

Fig. 4. (a) Periodic oscillation of the system before EGAM is introduced. The blue solid line, blue dashed line and blue dotted line
represent the evolution curve of pump wave, sideband and ZFZF, respectively. (b) Periodically oscillating EGAM. The initial phase

is progressively enhanced to achieve a smooth transition.
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Fig. 5. (a) Relative distribution of five fixed points in phase space. Dependence of the real part of the three eigenvalues of Jacobi
matrix at fixed points (b) P1/ P3 and (¢) Po/ Ps. Here, vo = 1.0, 1 = 3.0, 7z = 3.1.
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Fig. 6. (a) Big limit cycle when ¢g = 2.0; (b) small limit cycle when ¢g = 1.0; (¢) medium size limit cycle when ¢g =0.6;

(d) two small limit cycles combine into one medium size limit cycle with ¢g decreasing from 1.4 to 0.6.
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Fig. 7. (a) Time evolution of pump wave |¢pg| when ¢g = 1.4, wg =0.02n and (b) corresponding trajectory in phase space.

(c) Time evolution of three waves when ¢g = 2.8, wg = 0.021 and (d) corresponding trajectory in phase space. (e) Time evolution

of three waves when ¢g = 1.4, wg = 0.04n and (f) corresponding trajectory in phase space.
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Nonlinear interaction of EGAM with DW
turbulence in the Dimits shift region”
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Abstract

Based on the nonlinear three-wave interaction model including driving and dissipation, we construct a
system to describe the nonlinear interaction between energetic particle induced geodesic acoustic mode (EGAM)
and the drift waves turbulence in the Dimits shift region, and study both analytically and numerically the linear
growth and nonlinear oscillation phases of the system, respectively. Further numerical results show that,
without the contribution of EGAM, the system goes through limited cycle oscillation to period doubling, and
finally route to chaos with the change of the linear drive/dissipation rate. On this basis, the nonlinear saturated
“Dimits region” of the system is constructed, which is then used to study the influence of EGAM on the drift
wave in the Dimits region. The results show that for EGAM with different amplitude and frequency, the
modulated drift wave can be either excited or suppressed, partly reproduces the results from large scale

simulation. Finally, We use the method of phase space analysis to give the corresponding explanation.
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