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The poloidal position of the X-point or the end plates in the scrape-off layer are known to
influence the radial electric field and, therefore, the confinement in the edge of a magnetically
confined plasma. The interaction of the radial electric field with the turbulence is described
by the Reynolds stress, which is determined by the tilt of the turbulent structures as well as
their amplitude. In the scenario presented in Ref. [1] the ŝ-residual Reynolds stress induced
by the magnetic shear may act as a seed tilt which can be self-amplified by the interaction
of zonal flows and turbulence leading to differences in the radial electric field for magnetic
configurations. The ŝ-residual Reynolds stress is given by Πŝ = −ŝθ hũ2x i [1, 2], where ŝ is
the magnetic shear, θ the poloidal ballooning angle and ũx the radial E × B velocity of the
fluctuations. The basic idea is that structures born at the outboard midplane and following the
magnetic field lines are tilted by the magnetic shear. The tilt of the structures is equivalent to
the Reynolds stress. In the case of a poloidally symmetric plasma, hΠŝ i vanishes. An imbalance
between positive tilt and negative tilt can be provided by a poloidal truncation of the ballooning
envelope. This can be justified by X-point resistivity for diverted plasmas or by end-plates
boundaries for limited plasmas, which could induce a feedback to the confined region [1, 2].
Simulations have been carried out with the three-dimensional gyrofluid electromagnetic turbulence model GEMR [3, 4]. A circular plasma cross-section with toroidal axisymmetry is
implemented. The coordinate system is aligned with the equilibrium magnetic field. The radial
coordinate is x, the parallel coordinate is s and the binormal coordinate is y. Although being
a δ -f limited code the gradients evolve freely, as required by the strength of fluctuating dynamics in this plasma region. Since the profiles are included in the dependent variables and in
the polarization, GEMR is a global model. Also the background radial electric field evolves
self-consistently. However, the deviation from the preset background values has to be small.
To gain confidence in the simulations a small laboratory plasma is simulated first, where
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Figure 1: Poloidally and radially resolved Reynolds stress (a) and transport (b). Reynolds stress profile
at the outboard midplane (c), Poloidally resolved Reynolds stress (d) and transport (e) at the position of
strongest Reynolds stress at ρ = 0.88. Data are from GEMR simulation.

the poloidal distribution of the Reynolds stress is known. Poloidally resolved measurements of
the Reynolds stress in a magnetically confined plasma are only available from the stellarator
TJ-K [5]. The stellerator TJ-K (R = 0.6 m, a = 0.12 m) is usually operated at a low magnetic
field of B = 72 mT. The experiments have been performed in helium (A = 4) at a density of
ne = 1.5 · 1017 m−3 and an electron temperature of Te = 10 eV. The ions are cold. It seems a
bit audacious to simulate a stellerator with a circular tokamak plasma, but the probe array is
located at the very edge of the plasma at an outer port, where the local magnetic field is in first
order similar to a tokamak, as it can be seen from the sinusoidal variation of the curvatures (Fig.
2c in Ref. [5]). At the probe array position the corresponding safety factor is qs = 4.5 with low
magnetic shear ŝ = −0.16. Turbulence in TJ-K is driven by the density gradient, the electron
temperature is rather flat. This translates to the following GEMR input parameters: δ = 0.10,

β = 5.83 · 10−5 , ν = 1.25 and τi = 0.1. The initial density gradient scale has been chosen to be
Ln = 3 cm, electron and ion gradient scales vanish, i.e. LTe = LTi = 0. The simulation has been
done on a 32 × 64 × 32 grid.
The poloidally resolved Reynolds stress hũx ũy iy,t is shown in Fig. 1a. The poloidal angle is
defined as in Ref. [5], starting at the outboard midplane θ = 0 and moving counterclockwise
to the top, high field side and bottom. The Reynolds stress is also defined as in Ref. [5], which
means that an outward velocity ũx > 0 and the binormal velocity in the ion diamagnetic direction, ũy > 0, lead to a positive Reynolds stress. In amplitude the Reynolds stress is much
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smaller in this simulation compared to the experiment. This might be a consequence of the

δ -f approach. The spatial distribution of the Reynolds stress obtained with the simulation is
quite similar to the experiment. On the outboard midplane, θ = 0, the Reynolds stress is negative and exhibits its minimum at ρ ≈ 0.9 (Fig.1c) similar to the experiment (see Fig. 2a in
Ref. [5]). Furthermore, the Reynolds stress shows a strong poloidal asymmetry. At ρ = 0.88,
which roughly corresponds to the probe array position, the maximum of the Reynolds stress is
located at θ ≈ 0.4π (Fig.1d) as in the experiment (Fig. 2b in Ref. [5]). However, the overall
asymmetry is stronger pronounced in the GEMR simulation. Also the transport shows a strong
poloidal asymmetry. This has been also reported for TJ-K [6]. The maximum of the Reynolds
stress is at a similar position as the maximum of the transport in the TJ-K experiments [5, 6],
which is recovered by the present simulation (see Figs. 1a and b or Figs. 1d and e).
In a second step, the impact of the poloidal limiter position on the radial electric field and
the Reynolds stress is studied at ASDEX Upgrade parameters. The limiter positions mimic
the lower single null (θX = −0.5π ) and the upper single null (θX = +0.5π ) configuration. For
ASDEX Upgrade (R = 1.65 m, a = 0.5 m, B = 2.5 T) typical experimental parameters at the
last closed flux surface (LCFS) as the reference flux surface are chosen to be ne = 1 · 1019 m−3 ,
Te = Ti = 100 eV, qs = 4.6, ŝ = 1.35 and initial gradient scale lengths of 0.5Ln = LTe = LTi = 2.5
cm. These translate to the following GEMR input parameters: δ = 1.2 · 10−3 , β = 3 · 10−5 and

ν = 2.94. The simulations have been done on a 128 × 512 × 16 grid.
The results are shown in Fig. 2. The radial electric field Er roughly follows (∇pi )/en in the
confined region and −(3/e)∇Te in the SOL (Figs. 2a,b), as it is the typical case for ASDEX
Upgrade plasmas. As ∇pi /en has been set to be similar for both configurations also Er is similar. The difference between Er and ∇pi /en maybe attributed to the zonal flow and is small,
in agreement to recent ASDEX results [7]. The deviation of ∇pi /en from Er is larger in the
lower limiter case, at the very edge, close to the LCFS (Figs. 2a and b). Since the ion diamagnetic velocity is defined negative for easier comparison with [1, 2], the shear is negative.
The zonally averaged Reynolds stress hũx ũy iy,s,t is nearly a factor of two larger close to the
LCFS (Figs. 2c,d). In the SOL the zonally averaged Reynolds stress changes sign. This can
be attributed to the ŝ-residual stress. As seen in (Figs. 2e,f) the Reynolds stress hũx ũy iy,t follows the tilt of the magnetic shear along the field lines. At the limiter the ballooning envelope is
truncated. This leads to an imbalance between positive tilt and negative tilt, which can be amplified. Due to this amplification the Reynolds stress is much higher than the seed stress provided
by Πŝ . At the LCFS (Figs. 2g,h) the Reynolds stress follows the magnetic tilt at the outboard
side, at the inboard side a qualitative discrepancy is observed as the structures are tilted back.
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In the confined region (Figs. 2i,j) the
Reynolds stress has a sinusoidal shape
in the poloidal plane as in the TJ-K case
(Figs. 1a,d). As the LCFS connects the
confined region with the SOL it exhibits
features of both regions. Nevertheless,
the truncation and the accompanying
residual stress is clearly observable at
the LCFS.
As the simulations also show, the
Reynolds stress is varying strongly on
the poloidal plane, therefore measurements at one poloidal positions are
not representative. To draw conclusions
from such measurements a detailed understanding of the poloidal asymmetry
of the Reynolds stress is needed.

Figure 2: Radial electric field (a,b), zonal averaged

Please note, all results presented in Reynolds stress (c,d), Reynolds stress and Πŝ in the near
this contribution are preliminary and SOL (ρ = 1.005) (e,f), at the LCFS (ρ = 1.000) (g,h) and
may be subject to change.

inside the very edge of the confined region (ρ = 0.99). The
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