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Abstract
The effects of second harmonics of the density and tempergkerturbations on the
linear Geodesic Acoustic Mode (GAM) frequency and nondingeneration of the GAM
are investigated, using a fluid model. We show that the sebantonics contribute to the
frequency through the density gradient scale length anavélve number of the GAM. In
addition, the linear frequency of the GAM is generally irased by coupling to the higher

harmonic.

I ntroduction

Recent experimental work have suggested that the Geodesitsic Mode (GAM) is related
to the L-H transition and transport barriers. GAMs are aximyetric poloidaE x B flows with
finite frequencies({ cs/R) coupled to up-down-antisymmetric pressure perturbatierhich
provides a restoring force of the oscillation. The expentakresults indicate a periodic mod-
ulation of flow and turbulence level with the characteristiait cycle oscillation at the GAM
frequency. In simulations, it was observed that GAMs arg snmewhat less effective than the
residual zonal flow in providing the non-linear saturatibmparticular, it was found in Ref [2],
that the damping rates of the GAM are significantly influenlogdoupling to highem-modes.
The ion temperature gradient (ITG) mode driven by a commnaif ion temperature gradients
and field line curvature effects is a likely candidate fowvohg ion scale turbulence, transport
and flows. The generation of large scale modes such as zowaldlod GAMs by ITG modes is
here realized through the Wave Kinetic Equation (WKE) asiglyThis analysis is based on the
coupling of the micro-scale turbulence with the GAM throulga WKE under the assumptions
that there is a large separation of scales in space and tijnkn [the present work the effects
of the second harmonics of the density and temperaturerpattans on the linear GAM fre-
guency and non-linear generation of the GAM, using a fluid eh§@l 4] are investigated.

We show that the second harmonics contribute to the frequeitls higher order terms i,
similar to what was discovered in Ref [5]. In addition, efkeof plasma shaping will be taken

into account [6].
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Thelon Temperature Gradient Mode

The description used for toroidal ITG driven modes consi$tihie ion continuity, ion tem-
perature equations and ion parallel momentum. For sintylieffects of electron trapping and
finite beta effects are neglected in this work. The ion-terajpee and ion-continuity equations

can be written [3]
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In addition we have used the linear response for the paraheiotionv; = —icg/wD||(g5+

Bi/T). With the additional definitions = dn/no, (ZJ = e0Q/Te, T = 0Ti/Tio as the normal-
ized ion particle density, the electrostatic potential amel ion temperature, respectively. In
the forthcoming equatiors= T/ Te, W, = kyVi = kypsCsy//Ln, Ps = Cs/ ki Wherecs = /Te/m,

i = eB/mc. We also definé; = — (dIn f/dr)_l, Ni = Ln/Lt, &n = 2Lnh/RwhereRis the ma-
jor radius andx; = T (1+ n);). The perturbed variables are normalized with the additidetni-
tionsi=Ly/psdn/no, (ﬁ =Ln/psedQ/Te, T = Ln/psOTi/Tio as the normalized ion particle den-
sity, the electrostatic potential and the ion temperatiggpectively. The perpendicular length
scale and time are normalized g and L/cs, respectively. HergA B| = dA/9xdB/dy —
0A/dyoB/0dx is the Poisson bracket. The geometrical quantities will Besconsidered in the
strong ballooning limit @ = 0, g(6 =0,k) = 1/k [3] whereg(0) is defined bywp (8) =
w.&nd(6)). Moreover we will also employ semi-local approximatiorfaléows [4], k| = <kH>,

k, = (k.) and wp = (wp) will be replaced by the averages defined through the integral
(f(0,K,s,00)) = ﬁ [T dOWT(6,k,s,qo)W for a simple approximate eigen-functig0) =

\/%T(l—F cosf)

The Geodesic Acoustic M ode

The derivation of the dispersion relation for the Geodestoustic Modes including the
m= 2 higher harmonic coupling to the= 1 andm= 0 components is described here. The GA
mode is defined as having= n = 0, gx # 0 perturbation of the potential field and the= 0,
m =1, gx # O perturbation in the density, temperatures and the paxallecity perturbations.
In addition we will now consider then= 2 components of the density, temperature and parallel
velocity perturbations. In total seven coupled differanéiquations are solved by Fourier com-

ponents. The GA mode is described loydy;) and its growth rate is induced by an ITG mode
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(k, w). However, only the final GAM dispersion relation will be diayed here,
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Here|<h<% is the saturation level of the ITG turbulence afdB andCg are coefficients ex-

pressing the effects of the higher harmonics. The Wave Kirtequation (WKE) analysis is
based on the coupling of the micro-scale turbulence witf@A& through the WKE under the
assumptions that there is a large separation of scales ae gpal time [3, 1]. In this simplified
analysis only the Reynolds stress term is retained. Nexpregent a short numerical parameter
study.
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Figure 1: The GAM frequency as a function of Figure 2: The GAM frequency as a function of
the safety factogg withoutm = 2 (black line) the wave numbegy withoutm= 2 (black line)

and withm = 2(red line) contributions. and withm = 2(red line) contributions.
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Figure 3: Figure 3. The GAM growth rate and frequency as atfanof elongatiork for safety
factorsqp = 1.4 (blue line),go = 2.0 (black line) andyjp = 3.0 (red line) withm= 2 contributions

In Figure 1, the linear (omitting the right hand side of EQ) @AM frequency normalized
to ¢s/R as a function of the magnetic safety factprwith contributions from then = 2 (red
line) mode and without = 2 (black line) are shown. The frequency decreases with asong

safety factorp in the same manner as found in Ref. [4]. The scaling is howexkspendent
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of &, = 2Ln/R and the frequency is increased by about 10% by includingithe2 mode in
the analysis. Figure 2 displays the linear GAM frequencymaized bycs/R as a function
of the GAM wave numbegy. Note that in then= 1 case the frequency is independentpf
whereas fom = 2 the frequency sharply increases with increasipgin Figure 3, the non-
linear contribution on the right hand side of Eq. (3) is irdg#d showing the GAM frequency
(solid lines with stars) and growth rate (solid lines) nolized to the ITG mode growth rate as
a function of the elongatior. The effects of geometry is determined by a semi-local amly
similar to the work done in Ref. [4] however here modified tiowlfor varying elongation as
well as magnetic shear and safety factor. The other parasrate close to those of the cyclone
base cas@) = 3.14, &, = 0.909,s= 0.8 and ki = 0.1. The effects of elongation is weakly
stabilizing the GAM by reducing the growth rate whereas thquiency first decreases and then
increases for larger values pf Here the mode coupling saturation level is assumed [3].

Summary

A system of equations is derived which describes the dyrawifiche Geodesic Acoustic
Mode (GAM) including the coupling to higher harmoniags £ 2). The Wave-Kinetic (WK)
formalism is used to derive the driving term for the GAM grbwate. It has been suggested
in experimental work that the GAM is related to the L-H traiogi and transport barriers mak-
ing it pertinent to analytically explore the properties bEtGAM in detail. In addition, we
have included the effects of plasma shaping through a sarai-analysis, however due to the
complexity of the resulting integrals closed analyticahfs are not available. We have found
that the GAM frequency is significantly altered by includihg coupling to higher harmonics,
generally increasing the frequency. The effects of elangas less decisive however a weakly
stabilizing effect is present. In future work work the sutmlydnant non-linear interactions will

be investigated as well as more parameters studies.

References
[1] N. Chakrabarti et al, Phys. Plasmbg 052308 (2007).

[2] H. Sugama and T.-H. Watanabe, J. Plasma Phy&c825 (2006).
[3] J. Anderson et al, Phys. Plasnty4500 (2002).

[4] J. Anderson et al, Nuclear Fusi&3 123016 (2013).

[5] A. Elfimov et al, Phys. Plasm&9, 052116 (2013).

[6] R. Hager and K. Hallatschelt6 072503 (2009).



