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A significant part of the radial transport in magnetically confined plasmas is due to turbulent

processes. As driving forces the pressure gradients are known to play a key role. In addition, the

properties of the magnetic configuration enter sensitivelyinto the theoretical growth rate of the

instabilities. Thus, magnetic curvature, local magnetic shear and trapped particle populations are

known to be determining factors. Especially for stellarators which offer a great flexibility for

the optimization of plasma properties through the magneticconfiguration, a better knowledge

of the influence of geometry parameters on turbulent transport is of high value. This would open

the route to a second optimization step of the turbulent transport after the neoclassical one. Al-

though many theoretical works have addressed this issue related to the magnetic configuration,

detailed experimental verification is required.

Figure 1: Two 64-multi-Langmuir-probe arrays are installed at
different toroidal positions. Left: TPA. Right: OPA. Top: color
map of the B-field strength on a TJ-K flux surface.

The experimental investiga-

tion of turbulent transport re-

lated to geometry is done

in low-temperature plasmas of

the stellarator experiment TJ-

K [1], which are dimensionally

similar to fusion edge plasmas

and dominated by drift wave

turbulence [2]. The plasma

is heated with microwaves (2

kW) at 2.45 GHz [3] corre-

sponding to a magnetic field

of B = 88 mT. Thus, plasma

densities ofn= 1.1 ·1017 m−3

and electron temperatures of

Te = 8.5 eV (Ti ≈ 1 eV) are

achieved at a neutral gas pres-

sure of p = 2.6 mPa in he-

lium. By means of two 64-
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multi-Langmuir-probe arrays whose probe tips are aligned to the local shape of the flux surface

at two different toroidal positions (ϕ = 30o: Top Port Array (TPA) installed at a top port, see

Fig. 1, left, andϕ = 270o: OPA (OPA) installed at an outer port, see Fig. 1, right), theion-

saturation current (̃Ii,sat) and floating potential fluctuations (φ̃ f l ) are simultaneously measured

at 128 positions on a single flux surface with a sampling rate of 1 MHz. Alternating pin as-

signment of the 128 probes with̃φ f l (proportional to plasma potential fluctuationsφ̃p) andĨi,sat

(proportional to density fluctuations ˜n) allows to measure the turbulent transport

Γ = 〈ṽr ñ〉=
〈

Ẽθ
B

ñ

〉
∼
〈
−
(
φ̃ f l ,2− φ̃ f l ,1

)

Bdx
Ĩi,sat

〉

with the fluctuations of the radial velocity ˜vr , the poloidal electric field̃Eθ , the floating potential

at two adjacent positions̃φ f l ,i separated by the probe distancedx, and the magnetic fieldB. 〈 〉
denotes averaging in time.

The measured poloidal dependence (with respect to the poloidal angleθ ∈ [−π,π] counted

counter-clockwise starting at the inboard midplane) of fluctuation amplitudesσ and transportΓ

is shown in Fig. 2 (left column: TPA, right column: OPA). At both toroidal positions, where the

arrays are installed, strong poloidal variations of fluctuation amplitudes (Fig. 2 (b)) and trans-

port (Fig. 2 (a)) are found.

The turbulent transport has a pronounced maximum at the top side of the flux surface (θ = 0.6π)

for the TPA. For the OPA, the transport maximum is found at theoutboard side (θ = 0.1π).

Therefore, at different toroidal positions different locations of the maximum are observed. At

particular positions (θ = −0.1π at the TPA andθ = −0.7π at the OPA), the turbulent trans-

port has small negative values corresponding to inward transport resulting from a negative cross

phase between density and potential fluctuations. The poloidal shapes of the fluctuation ampli-

tude profiles differ from the transport profiles at the bottomof the flux surface (θ ∈ [−1.0,0.0])

for both arrays. This shows the important role of the cross phase, too.

In order to compare the experimental findings with the geometry of the magnetic field, the

poloidal dependence of geometry parameters are calculatedby means of a field line tracing

code. Fig. 2 (c) shows the normal curvatureκn at the toroidal positions of the two probe arrays.

The normal curvature varies poloidally differently for thetwo toroidal positions of observation.

At the outer port array, it has almost a sinusoidal profile with large negative values at the out-

board side as in tokamaks. At the top port, however, the shapeof the normal curvature is more

asymmetric reflecting the 3D-field structure of the torsatron. There, the normal curvature has its

minimum at the top side of the flux surface.
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Figure 2: Poloidal dependence of measured turbulent transport (a), fluctuationamplitudes (b), and
calculated normal curvature (c). Left column: TPA, right column: OPA.

The comparison of the geometry parameters with the measurement data shows, that the highest

transport levels for both toroidal measurement positions are found in a region of negative nor-

mal curvature ("bad curvature"). The transport maxima are notexactly located at the position

of minimum normal curvature but slightly shifted to larger values ofθ . This is possibly caused

by the influence of the geodesic curvatureκg whose shape is similar to the shape of the fluctua-

tions and which is positive in the region of maximum transport. Hence, the transport maximum

is found where the normal curvature is negative and simultaneously the geodesic curvature is

positive.

In order to validate the correlation of maximum transport and curvature terms, the same mea-

surements as described above but with reversed magnetic field direction are carried out in TJ-K.

This procedure only affects the poloidal shape of the geodesic curvatureκg. The normal cur-

vatureκn, as well as the shape of the flux surface and the plasma densityand temperature,

however, stay the same as in forward field operation. Again, astrong poloidal asymmetry of

fluctuation amplitudes and turbulent transport is observedfor both arrays.

The transport peaks in regions where the normal curvature islarge and negative also in the

reversed field case. Sinceκg changes the sign at reversed field, there is again a shift of the
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transport maximum into a region of positive geodesic curvature. Thus, the transport maxima

are again located where normal curvature is negative and simultaneously the geodesic curvature

is positive.

We conclude that the measured fluctuation amplitudes and theturbulent transport are a result of

local effects of field line curvature and only weakly affected by local magnetic shear. We found

a strong poloidal asymmetry of fluctuations and transport, and the maximum of transport is lo-

cated in a region where normal curvature is negative and simultaneously the geodesic curvature

is positive.
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