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Introduction: For the magnetic confinement of fusion plasmas, stellessatiber a great flex-
ibility for the optimization of plasma properties througietmagnetic configuration. Present
day stellarators are already optimized with respect to lassical transport. As suggested by
stability theory, the geometrical properties of the comignmagnetic field like magnetic field-
line curvature and magnetic shear also affect the microsapuicture of turbulence. Hence,
the optimization with respect to turbulent transport isrpaértant issue in current research.

In the stellarator TJ-K, the plasma dynamics is governedrifirwlave turbulence [1]. Re-
cently, experimentally observed poloidal asymmetrieb@ttrbulent cross-field transport could
be correlated with the field-line curvature in the TJ-K getmg2]. The aim of this work is to
obtain a deeper understanding of this correlation by meftaaloulated linear growth rates of
drift-wave instabilities. To this end, a drift-fluid modslutilized and growth rates are calculated
from a simple dispersion relation incorporating the geoit&tquantities of the magnetic field

in TJ-K. The theoretical result is compared to measuredigal@rofiles of turbulent transport.

Poloidal transport asymmetry: The experiments were conducted il2 GHz microwave
heated (18 kW) helium discharges in the stellara-
tor TJ-K [1] with N~ 1.4 x 10’m~2 and T, about

13eV (i < 1 eV). A 64-pin poloidal probe array

measured fluctuations in the ion-saturation currept
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—Ags /(2AyB) can be approximated at 32 positions
) i _ ] Fig. 1: Temporally averaged turbulent transpdrt
in the poloidal cross section on an inner flux surface
) ) . ] ) _as a function of the poloidal position (in units of
in the density gradient region. The poloidal profile
the full circumference, ccw). Zero is centred on the

of I is shown in Fig. 1 as a function of the probe
LFS. The scatter df is shaded.

position in terms of the full poloidal circumference

of the flux surfacey = 0 corresponds to the outboard midplane on the low-field difk&).
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I" exhibits a strong poloidal dependency with a distinct maximon the LFS, which, in par-
ticular, can be attributed to locally enhanced deviatienthe spatiafi-@ phase relation from
zero [3]. Magnetic field calculations showed that the tramsmaximum coincides with the re-
gion of negative normal curvature of the field lines. In aiddif however, the maximum is found
poloidally shifted into the direction of the ion-diamagieedrift. A misalignment of the probe
tips could be ruled out as a possible cause of this shift. Tdresport maximum was found to
be rather correlated with a combination of negative normdl@ositive geodesic curvature [2].

The examination of theoretical linear growth rates prosiseme insight into this effect.

Linear growth rates. For an experiment-theory comparison, linear growth rateshe cal-
culated from a drift-fluid model (see e.g. Refs. [4, 5, 6, 7, 8 this end, the linearised ion-
continuity equation — containing terms up to first order i dhift parameter — is combined with
the parallel component of the ion equation of mot@n= —Ve,g-OInng— - (Vpol +VExB+
VH). The compression and decompression introduced by the iopeneity of the magnetic
field (O-Vexg = —2VE«g - K With k the magnetic field-line curvature) counteracts the efféct o
particle flux up and down the density gradient, respectivEhe fluctuations in the density are
related to those in the potential through thapproach by a constant phase shit (1—i 5)(?).
After separation of perpendicular and parallel scales gereialue problem is to be solved for
the potential eigenmodes along a field line around pointatefést on the flux surface (details
can be found in e.g. Ref. [7]). This allows for comparisonsafesponding growth rates with
geometric features of the magnetic field as curvature andhetagshear.

In this work, the measured transport profiles are comparddgrowth rates obtained from a
simple dispersion relation. Following Ref. [8], the parkilken dynamics may be disregarded to
arrive at growth rates
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with the magnetic field strengtB, the poloidal fluxy, the sound speed; = \/W the
drift scale ps = \/TeM;/eB, kn the normal and«g the geodesic curvature afd= G%S/G%S
the integrated local magnetic shear (ILMS). The radial doates is the normalised poloidal
flux anda = ¢ — g6 the field-line label with metric coefficients. The prime denotes the
radial derivative dds. The perpendicular wavenumbler is expressed in terms &f, andks
with the ratio®y = ks/ky. The second term in the brackets of Eqg. (1), which arises fitzen
compressibility ofve.g, contains the relevant geometry dependent components aindew

discussed next.
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Comparison of turbulent transport and linear growth rates:. From Eqg. (1) it can be seen
that negative normal curvature contributes to a destaliiis of drift modes. The geodesic cur-
vature basically shows up in the product with the ILMS if tadial structure of the fluctuations
is neglectedKs = 0). For TJ-K, the geometrical quantities were calculatedneans of a field-
line tracing code. Metric coefficients were calculated fro@rghbouring flux surfaces in Boozer
coordinates and mapped back into the laboratory frame efeate. In Fig. 2k, kg and the

ILMS are shown as contour plots in the triangular crossisecthe normal curvature shows
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Fig. 22 Contour plots of the normal (left) and geodesic curvaturenfee) as well as the ILMS (right) in the

triangular poloidal cross section. The dashed line markespbsition of the poloidal probe array.

an in/out asymmetry with negative values on the outboam &idre LFS) and the geodesic cur-
vature an up/down asymmetry with positive values in the talf. Regarding the growth rate,
however, the asymmetry iRy is compensated in the product wifhy which is also up/down
asymmetric. The only ingredient, which in the present casgdcformally break the up/down
symmetry as observed in the measured transport profile, mit@ fadial wavenumbek{ # 0).

For a direct comparison with the transport profile,

the curvature dependent partyofs computed with 20 ©,=0 // \\\

Ok = 1 and, everywhereggsk, = 1, which locally E I,’ \ ~
setsk, to yield the maximum possible growth rates:/ 0 /l \\®k il
The result is shown in Fig. 3. Wit® > 0 the max- E) : ‘\\

imum growth rate is shifted into the direction of the ~2° . \‘\__
ion-diamagnetic drift and in comparison, the region _o.é,” B lo.ol T .0.5

with y > 0 coincides with the region of maximum Y (circumference)

turbulent transport. Poloidal transport profiles ha)g%_ 3 Curvature dependent part ofcalculated
also been measured at another toroidal position wi{tghe position of the poloidal probe array.
different magnetic field topology [2]. Here, a good

agreement in the localisation of maximum transport andutaied growth rates is found, too.
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Summary: Linear drift-wave growth rates from a simple dispersioratien [8] were calcu-
lated for the magnetic field topology in the stellarator Ta+l compared to turbulent transport
measurements on the full circumference of a flux surfaceearptiioidal cross section. A good
agreement in the localisation of maximum transport andutaed growth rates was obtained.
A poloidal shift of the maximum growth rates away from the syetry point could be related
to the radial structure of the potential fluctuations. Emédial wavenumbers are accompanied
by poloidalE x B drifts. Those are associated with compression duguariations on the flux
surface, of which the geodesic curvature is a measure. Tilsgmum growth rates are shifted
towards positive geodesic curvature.

The model does not take into account the experimental fattitie density-potential cross-
phase is subject to spatial variations. The maximum groatésrpresented here base on the
assumption of a constant delay. Moreover, they are not spéziparticular modes. They may
rather be regarded as an indicator of local curvature depadbilities in the underlying magnetic
field configuration. The local drive could be reflected in tpat&al dependency of the cross
phase and, thus, in the turbulent transport, which is supgddry the observed agreement of

growth rate and transport maxima.
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