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ABSTRACT
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« (Geodesic-acoustic-mode (GAM) is oscillatory
counterpart to zonal flows

« GAMs are important to study, as they regulate
turbulence levels

« To study GAM dynamics, usually gyrokinetics is
necessary (complex)

* Previous studies established reduced model:
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GAM dynamics is well described by
cubic nonlinear Schrodinger equation (NLSE)

 Linear part of NLSE is based on gyrokinetics

 Nonlinear part has not yet been analytically derived

AIM OF THIS WORK

Fully analytically derive the
reduced GAM model (NLSE) from gyrokinetics.

QUALITATIVE INTRODUCTION

 Let's assume: A source generates poloidally and
toroidally symmetric perturbation of electric field SE

=8E X B - flow, SVUspxp (“zonal flow”)

Flow velocity S8vsgy«g IS not
constant along poloidal 8 due to

changing B-field strength

= Thereisanm = +1
flow divergence

When divergence is not com-
pensated, an m = +1 pressure
mode emerges

Radial currents form and
reverse the electric field
— Result:
Oscillation of the zonal flows

= the GAM

GAM OSCILLATION

NONLINEAR SCHRODINGER
EQUATION

Nonlinear dynamics of GAM electric field has been
shown to obey a cubic Nonlinear Schrodinger equation

0 = Fio - 5G00 — s [0 Re{v} = 9E, (NLSE)

e Linear terms Fv, —%Ga,?zp based on linear GAM
dispersion relation from gyrokinetic (GK) theory

e Cubic nonlinear term ay; |Y|*y
* is “educated guess” from literature,

« agrees well with numerical studies (see [E. Poli
Phys. Pl. 21], [D. Korger JPP 25])

 But: so far not “proven” with rigorous derivation
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Adiabatic splitting:
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ELECTROSTATIC GK VLASOV-MAXWELL SYSTEM

GAM is dominantly electrostatic (6§ ~ 0)

= only quasineutrality eq. relevant

QUASINEUTRALITY EQUATION
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SOLVING THE GK SYSTEM FOR UNKNOWN 6g;,89g., 0, [e.g. M. V. Falessi NJP 23]

Step 0: Split distribution function: §g, = 6g¢ + §g¥*, such that
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[A] Linear case:

1.

Invert operators in GK Vlasov equation:
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2. Enter result into linear QN equation:
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* A nontrivial solution (6¢ + 0) is obtained, when the

operators from lin. GK QN eq. are zero. This

happens, when
1
w=JF + 29]62
. ]—"ochTh,i/Ro is the dispersionless GAM frequency

(ASDEX Upgrade: 5-25 kHz [Conway et al., 08]).

.+ G o< Fp?D(7.)is the dispersive coefficient, which
can be positive or negative depending on Te:Te/TZ-

 This linear dispersion relation coincides perfectly
with the linear Schrodinger equation:
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% The GAM linear particle response §F¢;

For the GAM, we assume w;6gc > E’O-V(SgSL, l.e. that

the oscillation is fast compared to plasma movement.
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Analytic ion density Linear GK Simulation (6nf)
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Enter full §g;, = 6gk + §glt 0 =) e <es FOS]05>
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into Quasineutrality equation:
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LINEAR DISPERSION RELATION
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Intermediate result
From GAM-GAM coupling:

8Fl ZFZF + 6Ft 2nd harmonic
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[B] Nonlinear case:

1. Also invert operators in GK Vlasov equation
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Before we can insert in QN equation, make sure that I
e 09t oscillates at w = wg, just like 8¢ o (el@6t + e~twW6t) o

Naive first approach:
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NL does not oscillate
at w = w; when generated
In two-way interaction
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How does the GAM actually interact with itself?
= must be a three-way interaction
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GAM zero-freq. zonal flow
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\ [L. Chen
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similar to [H.S. Zhang, Nucl. F. 09]

RETRIEVING THE NONLINEAR SCHRODINGER EQUATION

g
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/ / Due to Fourier ansatz for GAM

\%L)v {5¢3}«structures, NL must be cubic

Utilize linear Dispersion relation: N\ (34 power = GAM coupling to
. gk2 —— e quadratic ZFZF or 2" harmonic)
0 =w— “GR— , "
wbp = FS¢ + =Gk*6¢ + (ORY") {5¢3}—
¢ ¢ 2 ¢ ( vi >v 109 }i To obtain analytic expression for
We retrieve the nonlinear 0 1 92 : ” 1 e@n.ISE|*SE, we need to evaluate
Schrédinger equation: | < iacSE = FO0E - EGﬁcSE + ray, |6E|*6E | this expression (still in progress)
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