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Introduction

Ballooning theory [1] has proven to be a useful tool in the gtothigh toroidal mode num-
ber, n, instabilities. The separation of scales between ratisandhce spacing and equilibrium
length scales that exists at highs exploited to perform an expansion in the small parameter,
1/nd, whered is related to magnetic shear. In leading order balloonirgptyy captured by
local gyrokinetic flux tube simulations, the effects of mdirofile variations are neglected, re-
sulting in a reduction from the full 2D eigenmode problem ttDaproblem in ballooning space
(distance along field line). This leading order theory idtroes the ballooning anglép, as a
free parameter which is typically selected to maximise ttosvth rate, usually alp = O corre-
sponding to modes ballooning on the outboard midplane.&lgprokinetic simulations, which
retain profile variations, have shown that linearly unstdbtoidal drift modes, such as the ion
temperature gradient (ITG) mode do not always peak at theoand midplane [2], indicating
that profile variations are sometimes important &ge- 0 isn’'t always the correct choice.

In this work the role of profile variations in determining t@bal mode structure is investi-
gated. Full global (2D) solutions of a reduced (fluid) gyradic ITG model are compared with
solutions of the local (1D) ballooning transformed modeghér order theory [3] indicates two
classes of mode are expected, depending on equilibriumesoéind both cases are found in
global calculations. A procedure for obtaining the globald® structure and growth rate using
only solutions of the local model is discussed and dematestré-inally the effect of linearly

sheared flows is briefly investigated in the limit of low shegrrates.

Model equations

A simple gyrokinetic ITG model, used in the literature (esge [4]), is given in Eq. 1

92 L2 % 2 0-1
o2t 029" n 9 i 1
6Ps Ps 55 R202k2 02Q2 (06 ! qx> * Q+nj 1)
— . oS < ~—
FLR. lon sound terms Eigenvalue

—% <cos(6)+ isi:é@);_)() } ®(x,0)=0

N J/

Couplﬁlg term



38" EPS Conference on Plasma Physics (2011) P1.138

with @ the perturbed potentiaky the poloidal wavenumbeps the ion Larmor radius at sound
velocity, safety factoq, R the major radius) the complex mode frequency normalised to the
electron diamagnetic frequency angd= L,/Lt the ratio of density and temperature length
scales. It is advantageous to Fourier decompose in polgidde numbenmn;
9(x,6) =Y um(x)exp(imo) )

The global 2D model in Eg. 1 reduces {P) a set of coupled equatir the radial functions,
um(X). In the limit n — oo the rational surface spacing reduces to 0O whilst equilibracale
lengths remain unchanged. The solution on each rationi@will then be identical, meaning
eachup, can be represented in terms of a generic funatign

Um (X) = Uo (x—m/nd) exp(imép) 3)
The ballooning parameteé,, contains amplitude and phase information due to finiteatadi
variations. Fourier transforming, using:

Up (X) = (2m) / i v (n)exp(—ing'xn)dn (4)
and substituting into Eq. 1 (equivalent to 0z:lpplying thedoaing transform) leads to the lowest
order (local) ballooning representation of the model agmivn Eqg. 5, with magnetic shear
which can be solved for the local mode frequesky(x, 8y) and the eigenfunctiom (n) for a

givenx and 6.
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Two codes have been developed: a 2D code solves eqn. @ €odQ), and a 1D code solves

eqn. 5 (forv (n) andQp). Thex dependence dRg arises from profile variations.

Higher order theory and global mode structure
In higher order ballooning theory profile effects are rezdinThese restrict the choice »f
and 6y allowed in Eq. 5. Two distinct classes of mode are then fokndyn asisolatedand

generalmodes [3].Isolatedmodes are only valid at a stationary point(dy whereaggeneral

modes can be found everywhere else.

400

200+

Zlp,

-200

-400

O,

-400 -200 O

200 400
(R-Ro)/p,

@)

400

200+

=200+

-400

-400 -200 O

200 400
(R-Ro)/p,

(b)

Figure 1: Contour of perturbed potential isolatedmode (a) and fogeneralmode (b)

obtained using quadratic and linegrprofiles respectively.
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In the simple model used here the profile shap@gmatches that of the profile @, which
is the ITG drive term. By selecting a peaked quadrgtiprofile, a stationary point if)g is
obtained andsolatedmodes are found by the 2D code. Switching to a lingaprofile gives
only generalmodes, as there is no longer a stationary poirf2¢n

Calculations have been performed wkigps = 0.3,n =50, 65< m< 115,s= 2 andn; given
by 5—3125x? or 5— 24x. Figure 1 shows the global mode structure for both classesoofe.
Theisolatedmode peaks at the outboard midplane and has the largesbieogowth ratey,
whereas thgeneralmode peaks at the top of the plasma with a reducethe 1D code’sy

agrees with that found by the 2D codd&dif = O is used for thésolatedcase and if one averages

over 6y for thegeneralmode (as predicted in [3]).
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Converting from 1D to 2D 50| +0.00
The local model of eqn. 5 neglects profile effects bt o} :g'izg
if an expression fofl is knownup (x) can be obtained ~ _. | 015
from the solution of eqns. 4 and 5 and the full 2D _,,, = ~0.20
global mode structurey, can be determined, can be I go z 4
obtained by using higher order ballooning theory to in- @

vert model expressions f@ (X, 6p) [3]. Expressions 100
for isolatedandgeneralmodes are giveninegns. 6 and 50}
7 respectively, obtained by inverting the simple mods o}

els in egns. 8 and eqn. 9. For given equilibrium pro- _.,!

files the parameters ande can be obtained by fitting  _;, -
to Qo (X, 6p) derived from the 1D code. Figure 2 shows 2 go z 4

Qo (X, 6p) for the quadratic and lineay; profiles de-
. _ (bl)
hFlgure 2: Contour of real component

scribed above. The 1D solution was obtained at eac of Qo (x, 6p) for quadratic (a) and

and6p value from eqgn. 5 to provid@q (x, 8p). linear (b)n; profiles.
6o~ cos*(1-x%A/e) (6) Qo (X, B0) = Qoo+ AX2 + £cos(6p) (8)
B~ cos 1 (—xA /) (7) Qo (X, 8p) = Qoo+ Ax+ £cos(6p) (9)

The global mode structure reconstructed following thi<pdure using only results from the
1D code shows excellent agreement with the mode structuresned from the global code

shown in figure 1.

The effect of sheared flows
The effect of sheared plasma flows can be incorporated ietglthbal model by introducing
a radially dependent Doppler shift @. This introduces an additional equilibrium profile. Fig-
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ure 3 showsy for both classes of mode, with and without sheared flows, eastitength of the
coupling term in eqn. 1 is increased (equivalent to goingifeocylindrical system to the large
aspect ratio torus used above). The growth rate ofgbkatedmode is reduced by flow shear
to the cylindrical value whilst thgeneralmode’s growth rate is always at the cylindrical value.
This effect on thasolatedmode can be attributed to the removal of the stationary poity

by the linear Doppler shift, keepingggneralmode and prohibiting the formation of &vlated

mode.
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order ballooning theory [3]. In our model equilibriuso-
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ture, butisolatedmodes peak at the outboard midplarigure 3: Growth rate as a function
of normalised coupling terny;,

(where 2,,/R— 2xL,/Rin eqgn. 1)
responding local model where also investigated. Agreefor jsolatedandgeneralmodes

ment is found between the global and local growth ratevith and without sheared flow.

for both classes of mode provided the correct balloonindeaifl, is used in each case. A pro-

andgeneralmodes peak & = 11/2. Solutions to the cor-

cedure for obtaining the full global mode structure onlynfrsolutions of the local model was
illustrated, giving excellent agreement with the full ghblbesults. Weak linearly sheared flows
were found to have a strong stablising effect onitmdatedmode growth rate but no effect on
the generalmode. This can be attributed to sheared flow destroying thdittons required to
obtainisolatedmodes. The proper consideration of profile effects, negtett local analyses,
can be important in determining the expected linear groatis:. The effect for non-linear stud-

ies remains an area of further work.
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