32nd EPS Conference on Plasma Phys. Tarragona, 27 June - 1 July 2005 ECA Vol.29C, P-2.027 (2005)

Observations on core turbulence and radial electric field
transitions in ASDEX Upgrade using Doppler reflectometry
G.D.Conway, C.Angioni, R.Dux, F.Ryter, J.Schirmer, A.Peeters, CFN Reflectometry∗
and ASDEX Upgrade Team
MPI Plasmaphysik, Euratom-Association IPP, Garching, D-85748, Germany
∗
Euratom-IST Association, CFN, Lisbon, Portugal
1. Introduction
In contrast to normal fluctuation reflectometry, which is sensitive to a broad turbulence
wavenumber spectra centred on k⊥ = 0, the poloidally tilted antenna in Doppler reflectometry selects (via Bragg) a specific non-zero k⊥ = 2ko sin θ. If the turbulence is
moving then a Doppler frequency shift appears in the reflected signal, fD = u⊥ k⊥ /2π,
which is directly proportional to the perpendicular (to B) velocity of the turbulence
moving in the plasma, u⊥ = vE×B + vph . For typical probed k⊥ > 8 cm−1 the phase
velocity, vph , of electron drift-wave turbulence is small compared to the E × B velocity,
vph ≪ vE×B , which allows a straightforward extraction of the edge radial electric field
Er from u⊥ . However, for ion temperature gradient (ITG) or trapped electron mode
(TEM) turbulence vph may not be negligible. While this may complicate the extraction
of core Er it opens the possibility of studying turbulence phenomena via vph .
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rotation dominates - as indicated by the
match with toroidal impurity velocities Figure 1: u⊥ vs normalised radius ρpol for NBI
from CXRS mapped into the poloidal H-mode shot #14147 c.f. [1].
plane vφ Bθ /B - typically tens of km s−1 . In the absence of dominant toroidal rotation,
e.g. balanced NBI, ICRF, ECH or ohmic plasmas, the core u⊥ is only a few km s−1 ,
which is comparable to expected turbulence phase velocities and poloidal fluid velocities.
3. Collisionality dependence
Fig. 2 shows u⊥ radial profiles for a series of ohmic shots with varying density and plasma
current. The edge shows the usual positive and negative peak structure associated
with the separatrix and pedestal ∇P shear regions - which remains remarkably robust
for all shots. However, the core rotation (inside the ne pedestal) can be in either the
ion or electron diamagnetic drift direction depending on core density and temperature.
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In fact the relevant parameter is the local collisionality - as shown in Fig. 3,
which is a slice through the rotation profiles at ρpol = 0.85 with u⊥
plotted vs the local effective collisionality, defined as νeff = νei /ωDe ≈
0.1 R Zeff ne /Te2 , with k⊥ ρs = 0.3,
R = 1.65 m and Zeff = 2. At low collisionality u⊥ is in the ion drift direction
but reverses smoothly to the electron
drift direction with increasing νeff .
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Initial calculations for the discharges in fig. 2
indeed show the poloidal fluid velocity for
deuterium reversing from a few km/s in the
ion direction to a few km/s in the electron
direction as collisionality increases across
the range shown in fig. 3. Fuller, more detailed neoclassical simulations are currently
in progress.
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These measurements show similarities
Figure 2: u⊥ vs normalised radius ρpol for various to edge Er reversals observed using
ohmic discharges.
CXRS on the LHD stellarator during
density ramps [2]. The LHD transitions are thought to be explained by neoclassical theory for helical plasmas. For tokamaks, neoclassical formulas also indicate
possible reversals in the poloidal rotation velocity (hence Er ) with collisionality [3].
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that TEM turbulence should become linearly stable at high densities/collisionalities Figure 3: u⊥ vs effective collisionality νeff at
while ITG turbulence remains unstable [4]. ρpol = 0.85 for ohmic conditions.
There are experimental observations, e.g.
on density peaking and heat flux, which appear to confirm this transition hypothesis
[4,5]. A transition in the dominant turbulence with increasing νeff would lead to a reversal in the measured vph direction from the electron to the ion drift direction. This
is shown in fig. 4 where the dominant turbulence phase velocity vph = ωr /kθ (i.e. at
the maximum growth rate) is plotted vs effective collisionality from GS2 calculations
at ρpol = 0.6 − 0.7 using experimental input data. The clear transition from TEM to
ITG dominance occurs at a similar νeff value as the u⊥ transition in fig. 3 - but in the
opposite direction! The resolution of this apparent contradiction depends of course on
the relative magnitudes of vE×B and vph . The relative sensitivity of the phase and E × B
velocities to collisionality can be tested using density or temperature perturbations.
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transition threshold. For example, fig. 5 Figure 4: Computed vph vs effective collisionshows a frequency vs time spectrogram ality νeff at ρpol = 0.6 − 0.7 from GS2. Open
of complex amplitude, A exp(iφ), fluctu- symbols = ohmic, solid = ECRH.
ations from a 52 GHz O-mode Doppler reflectometer during the L-mode shot #18725 at
Ip = 0.8 MA and a (medium) line averaged density of ∼ 4 × 1019 m−3 (close to critical
transition where TEM and ITG may co-exist) as shown by the time traces beneath.
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Figure 5: Spectrogram of Doppler reflectometer.
rapid change in fD at the end of the
ECRH phase is due to an NBI beam-blip.) On the other hand, fig. 6 shows Doppler refl.
spectra at ρpol = 0.6 − 0.7 for three different line average densities with same plasma
current Ip = 0.8 MA. The blue spectra are during the ohmic phase of the discharges
while the red spectra are during the ECRH phase. With increasing density the Doppler
shift moves from the ion to the electron direction in the ohmic phase consistent with
increasing collisionality as shown in fig. 3. At low density (well below threshold - TEM
only) the fD shift with ECRH moves in the ion direction. This suggests that the ∆vE×B
change associated with neoclassical effects dominate over the ∆vph associated with the
turbulence. In fig. 4 there is only a small ∆vph at low νeff - shown by the lines from open
100
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to closed symbols. At medium density (close to threshold - TEM & ITG present) fD
moves in the electron direction, which is consistent with ∆vph ≫ ∆vE×B as indicated in
fig. 4 at medium νeff . At high density (well above threshold - ITG only) fD moves very
slightly back in the ion direction. Again consistent with the roughly constant vph at high
νeff indicating ∆vph ≪ ∆vE×B . Note at high density the turbulence frequency spectra is
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also excessively broadened (beyond that due
to rotational broadening alone) which suggests a change in the underlying turbulence
k-spectrum and hence a change in turbulence. Finally, it should be mentioned that
the effect of ECRH varies with the deposition point, e.g. on/off-axis, with additional
effects observed inside the deposition radius.
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The strongest changes in the u⊥ were obFigure 6: Doppler spectra for ohmic (blue)
served for conditions where TEM and ITG
and ECRH (red) phases at low, medium and
are predicted to co-exist. Co-existence sughigh line average densities, ρpol = 0.6 − 0.7.
gests that two Doppler peaks might be observable in the reflectometer spectra. This is reminiscent of the FIR laser scattering
measurements on TEXT which showed ion and electron peaks during the transition from
linear to saturated ohmic confinement conditions [6]. However, Doppler reflectometry
has the additional advantage of radial localisation with high k⊥ (which is desirable as vph
scales with k⊥ ). Initial attempts with optimal conditions for TEM/ITG co-existence and
ECRH modulation to switch on/off the TEM have not yet revealed convincing double
Doppler peaks, or a modulation of u⊥ about a mean vE×B - possibly due to too small
±vph , or insufficient diagnostic spectral resolution, or peaks of incomparable amplitude.
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