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Experimental investigations of the evolution of the dynamics of drift wave turbulence in a linear high-density
helicon plasma device are presented. The turbulent density fluctuations in the plasma edge are characterized
by large intermittent events caused by radially propagating turbulent structures, which are formed in the radial
plasma density region due to increased cross-field transport by a quasi-coherent drift wave mode. Similar to
coherent drift wave modes the turbulent structures are correlated with fluctuating parallel currents. The role of
fluctuating currents parallel to the ambient magnetic field in the evolution of coherent drift wave modes and drift
turbulence is highlighted by investigations of the interaction of drift wave fluctuations with externally driven
currents. Frequency pulling of coherent drift wave modes over a frequency range of up to 30% of the natural
drift wave frequency is demonstrated. Furthermore, the drive of mode-selective current patterns allow for com-
plete synchronization of drift wave turbulence and consequently leads to a strong reduction of the associated
fluctuation-induced transport.
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1. Introduction
Fluctuations in plasma turbulence display a strong

intermittent character with sporadic large fluctuation
events [1–4]. Those events are ascribed to the occur-
rence of transient large-scale structures, which form within
the turbulent fluctuation, most likely due to inverse en-
ergy cascading processes, propagate and decay. Due to
their large-scale nature turbulent structures have been sub-
ject of intense investigations in the context of fluctuation-
induced, the so-called anomalous, transport processes. The
paradigm of the mechanism of the fluctuation-induced
transport is the passive convection of plasma within po-
tential vortices [5]. The large-scale structures are particu-
larly important for this process because their large spatial
extent determines the spatial transport scales. Improved
diagnostics in the scrape-off layer (SOL) of tokamaks re-
vealed that in addition to the convection in potential vor-
tices cross-field transport is also caused by the direct radial
propagation of large density fluctuation structures over dis-
tances larger than the typical structure size [6–8], thereby
affecting key fusion experiment issues like heat deposition
on the first wall and first wall recycling. It was shown that
the radial propagation of turbulent structures can cause up
to 30% of the total radial transport [9]. In a fundamen-
tal model approach the radial structure propagation in the
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tokamak SOL is explained by polarization of density fluc-
tuation structures due to curvature and ∇B-drifts [10, 11].
Extended models show that the formation and radial prop-
agation of structures is a result of the dominance of in-
terchange mode dynamics in the tokamak SOL [12, 13].
The self-consistent azimuthal electric field of the struc-
tures results in a radially outwards E×B drift, which cause
radial structure propagation and large transport events in
the far-SOL [14]. The characteristic electric field pattern
has been experimentally confirmed [15]. The situation is
much less clear in the tokamak edge plasma, which forms
the interface between the hot plasma core and the SOL.
Numerical simulations demonstrated that in the tokamak
edge the turbulent fluctuations are caused by the drift wave
instability [16]. The very limited diagnostic access of the
edge plasma on the spatial and temporal scales of the tur-
bulent fluctuations makes a characterization of the struc-
ture dynamics extremely difficult. However, fundamental
studies of predominantly the electrostatic drift wave in-
stability and electrostatic drift wave turbulence have in-
tensely been done in laboratory plasmas [17–23]. It has
been demonstrated that the formation of turbulent struc-
tures is a generic feature of drift wave turbulence. This
paper deals with experimental investigations of the dynam-
ics of structures in drift wave turbulence as observed in a
cylindrical linear laboratory plasma device. In Sec. 2 the
device and chief diagnostic tools are described. Section 3
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deals with the formation and characterization of the dy-
namics of turbulent structures. The role of parallel plasma
currents in the evolution of the fluctuations is highlighted
in Sec. 4. In Sec. 5 the influence of externally driven cur-
rents on the turbulent dynamics is studied before the results
are summarized in Sec. 6 and conclusions are drawn.

2. Experimental Setup and Diagnos-
tics
The experiments are carried out in the linear cylin-

drical experiment Vineta [24]. A schematic of the de-
vice and major diagnostics is shown in Fig. 1. It con-
sists of an L = 4.5 m long vacuum vessel with a diame-
ter of D = 0.4 m immersed in a set of 36 magnetic field
coils, which generate a maximum steady-state homoge-
neous magnetic field of B = 0.1 T. Plasma is generated
by non-resonant helicon wave heating. At one end of the
device the helicon source is located. The source consists
of an m = 1 helicon antenna wrapped around a Pyrex glass
extension with an inner diameter of d = 0.1 m. The source
is operated at a rf frequency of frf = 13.56 MHz and a
rf power of typically Prf ≤ 4 kW. As a characteristics
of helicon discharges a high density plasma is generated
with a peak plasma density of n ≤ 2 · 1019 m−3, although
at a low electron temperature of Te ≈ 3 eV. The radial
plasma density profile is peaked in the plasma center and
has a nearly Gaussian shape [25]. Due to the high plasma
density at small electron temperature the plasma is char-
acterized by high collisionality. The electron-ion collision
frequency ωei in the plasma center is much larger than the
ion cyclotron frequency ωci, typically ωei/ωci ≤ 100. Al-
though some experimental results indicate a strong neutral
gas depletion in the plasma center [26], the edge plasma
is characterized by a high electron-neutral collision fre-
quency, which is of similar order or even larger than ωei.
The plasma potential has a maximum in the plasma cen-
ter and decreases radially. Due to the almost parabolic
shape of the radial plasma potential profile in the central
region the associated azimuthal E × B velocity leads to

Fig. 1 Schematic of the Vineta device. The helicon source setup
is located on the right hand side end of the device. Ad-
ditionally, major diagnostic tools as the probe position-
ing systems and the microwave interferometer are also
shown.

an almost rigid body rotation of the plasma opposite to
the electron diamagnetic drift direction. However, in the
plasma edge the E × B velocity has a radial shear [27].
The main diagnostic tools for the measurements of time-
averaged plasma profiles and fluctuations are probes. Eval-
uation of the characteristics of Langmuir probes, which are
compensated against rf fluctuations, using a kinetic probe
theory [28] yields the time-averaged plasma parameters as
plasma density, electron temperature, and plasma poten-
tial. Plasma parameter profiles are obtained using various
high precision probe positioning systems, which are also
depicted in Fig. 1. Radial plasma density profiles are cal-
ibrated against a 160 GHz heterodyne microwave interfer-
ometer. Fluctuations of the plasma density are measured
by negatively biased Langmuir probes, assuming electron
temperature fluctuations to be negligible. The probes are
used as single probes or one-dimensional probe arrays,
covering an azimuthal plasma circumference or a vertical
cut through the plasma. Fluctuations of the plasma poten-
tial are diagnosed by measurements of floating potential
fluctuations. The reliability of this approach has been vali-
dated by comparing the floating potential fluctuations with
plasma potential fluctuations measured by a novel laser-
heated emissive probe [29]. For measurements of magnetic
field fluctuations highly sensitive 3 axes induction probes
in orthogonal arrangement are used, which are compen-
sated gainst electrostatic pickup. The amplitude response
and the respective relative spatial position of the induction
probes are calibrated in a magnetic test field.

To reconstruct the fluctuations characteristics in a
two-dimensional plasma cross sections, correlation anal-
ysis and conditional averaging [30] is performed between
a reference probe and a scanning probe in a series of re-
producible consecutive plasma discharges. The scanning
probe is either a single probe or a one-dimensional probe
array. In the case of conditional averaging an amplitude
condition on the reference signal is chosen in order to ex-
tract the large-amplitude fluctuation pattern. This proce-
dure is performed for plasma density, plasma potential, and
magnetic field fluctuations.

3. Dynamics of Structures in Drift
Wave Turbulence
It was demonstrated that the radial plasma density gra-

dient gives rise to the drift wave instability [23]. By chang-
ing the ambient magnetic field single drift wave modes
can be destabilized with mode numbers ranging from m =
1, . . . , 9. The drift wave mode structures and frequencies
agree well with linear dispersion calculations [31], which
also show that the radial mode structure is strongly influ-
enced by the radial gradient of collision frequency lead-
ing to azimuthally bent eigenmode structures. For in-
creasing ambient magnetic field the drift wave modes un-
dergo a series of mode coupling phenomena, which leads
to a weakly developed turbulent state [21]. Bicoherence

013-2



Plasma and Fusion Research: Regular Articles Volume 5, 013 (2010)

Fig. 2 Conditionally averaged density fluctuations in the azimuthal plane with for weakly developed drift wave turbulence. The black dot
marks the position of the reference probe. The dashed circle indicates the position of the maximum radial density gradient.

Fig. 3 Conditionally averaged density fluctuations in the azimuthal plane with for weakly developed drift wave turbulence. The black dot
marks the position of the reference probe. The solid circle indicates the azimuthal direction.

analysis demonstrated the dominance of a quasi-coherent
m = 1 drift mode within the turbulent fluctuations most
likely as a result of an inverse energy cascade [32]. The in-
verse energy cascade seems to be a generic feature of drift
wave turbulence in linear magnetic geometry and has been
suggested to be important in the evolution of an m = 0
mode [33]. Conditionally averaged density fluctuations in
an azimuthal cross section with respect to density fluctua-
tions in the maximum radial plasma density gradient acting
as reference signal for three time instants τ = −104, −32,
4 µs are shown in Fig. 2. Only density fluctuations are con-
sidered as reference, which amplitude exceed 2σ, where σ
is the standard deviation of the entire fluctuation time se-
ries. In the radial plasma density gradient region the prop-
agation of a quasi-coherent m = 1 drift mode like structure
is observed. The propagation is purely azimuthal in di-
rection of the electron diamagnetic drift. The fluctuation-
induced cross-field transport caused by the quasi-coherent
m = 1 mode leads to radial transport of high plasma den-
sity. This is visible for τ = −32 µs in Fig. 2. A package
of high plasma density peels off the quasi-coherent mode
and is radially transported into the plasmas edge region.
In the plasma edge the time-averaged azimuthal E × B
drift exceeds the electron diamagnetic drift and accord-
ingly the density package propagates into opposite direc-
tion, c.f. Fig. 2, τ = 4 µs. The dynamics of density fluc-
tuations in the plasma edge is investigated by repeating
the conditional averaging procedure with respect to edge
plasma density fluctuations, Fig. 3. Shown are condition-
ally averaged density fluctuations in the same representa-
tion as in Fig. 2 for the time instants τ = −40, 0, 40 µs.

In contrast to the propagation of the quasi-coherent drift
wave mode (Fig. 2) the turbulent structure propagates az-
imuthally into opposite direction with E×B velocity. How-
ever, the propagation is not purely azimuthal but the struc-
ture has also a radial component of propagation, which
leads to a radial displacement during its lifetime. A quan-
titative analysis revealed that the radial velocity is only
30% of the structure’s azimuthal propagation speed [27].
In normalized units the radial propagation velocity is ap-
prox. 10% of the local ion sound speed, which is com-
parable to the situation in the tokamak SOL. The cause
for the radial propagation is apparent if the associated po-
tential fluctuation structure is measured. In Fig. 4 mea-
sured equipotential contours are superimposed for the case
of the quasi-coherent mode in the radial plasma density
gradient region and the turbulent structure in the plasma
edge. In contrast to a strictly coherent drift wave mode
the phase shift between density and potential fluctuations
is large with approx. π/2. This results in a large radial
transport, which leads to the occurrence of a high density
structure in the edge plasma. This structure has also a po-
tential pattern, which is azimuthally phase shifted to the
density pattern and results in a radial E × B drift. The am-
plitude of edge density fluctuations is comparable to the
time-averaged plasma density in the maximum radial den-
sity gradient region [27], which supports that indeed tur-
bulent structures in the plasma edge origin in the quasi-
coherent drift wave region. The fundamental mechanism
for radial propagation is thus identical to tokamak SOL sit-
uation: Due to the turbulent dynamics the self-consistent
plasma potential fluctuations are phase shifted to the den-
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Fig. 4 Conditionally averaged density fluctuation structure with
superimposed contour plot of the associated positive po-
tential fluctuation in the radial plasma density gradient
region (a) and the plasma edge (b). Additionally, a cut
through the center of the structures indicated as dashed
lines in (a) and (b) is shown in (c) and (d), respectively.

sity fluctuations. The associated azimuthal electric field
causes a radially outwards E×B drift, which leads to radial
structure propagation. However, the details of the genera-
tion of the phase-shifted potential fluctuation is different. It
has been shown in experimental investigations [9, 15] and
numerical simulations [13,34] that in the tokamak SOL the
turbulent fluctuations are governed by interchange mode
dynamics, which strongly relies on the curvature of the
magnetic field. This mechanism is absent in the present
experiment configuration.

4. Parallel Flux of Turbulent Fluctua-
tions
The main ingredient in the evolution of the drift wave

instability and drift wave turbulence is the electron flow
parallel to the ambient magnetic field in response to the
plasma pressure fluctuations. The associated currents are
an intrinsic feature also of electrostatic drift waves, al-
though here induction does not significantly affect the non-
adiabaticity of the electrons. Measurements of magnetic
field fluctuations using the induction probe diagnostics
yield information about the associated current pattern. In
the case of strictly coherent fluctuations the current pat-
tern can reliably be reconstructed. An example of the cur-
rent for a specific phase of a coherent m = 2 drift wave
mode is shown in Fig. 5. In total four current channels
are observed, two channels with current directed along
the ambient magnetic field and two directed oppositely.
The peak absolute current for both current directions is
j‖ ≈ 100 mA/cm2. Similar to the potential fluctuations
of the coherent drift mode no phase shift is observed be-
tween the mode’s density fluctuations and fluctuating par-
allel currents. The currents strictly track the density fluc-

Fig. 5 Parallel current pattern associated with a coherent m = 2
drift wave mode.

Fig. 6 Conditionally averaged magnetic field fluctuation pattern
(arrows) associated with a propagating turbulent density
structure in the plasma edge.

tuations during the azimuthal mode propagation. A sim-
ilar investigation is done for the radially propagating tur-
bulent structures in the plasma edge. The conditionally
averaged magnetic field fluctuations are measured with re-
spect to large-amplitude edge density fluctuations. The re-
sults of the measurement are depicted in Fig. 6. Shown
are the conditionally averaged density fluctuations in an
azimuthal cross section together with two components of
the magnetic field fluctuations. Both signals are extracted
using the same reference signal and condition. Very sim-
ilar to Fig. 3 a turbulent structure develops and shows a
mainly azimuthal propagation with time-averaged E × B
drift. The density fluctuation structure displays a correla-
tion with magnetic field perturbations, shown in Fig. 6 as
arrows. At the time instant τ = −40 µs the turbulent density
structure has formed. At the same time the magnetic signa-
ture of a current filament is observed. The maximum am-
plitude of the magnetic field fluctuations is located mainly
at the position of the density structures. This finding holds
true during the entire lifetime of the density structure. In
contrast to the coherent drift wave mode this result demon-
strates that the current filament is not located at the position
of the maximum density fluctuation but is phase shifted
azimuthally by approx. π/2. As the density structure prop-
agates azimuthally the magnetic field perturbations move
also azimuthally and the phase shift to the density pattern
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Fig. 7 Schematic of the experimental instruments to drive parallel plasma currents mode-selectively: electrode exciter (left) and inductive
exciter (right).

persists. The details of the phase relation between den-
sity and parallel plasma current is subject of further in-
vestigations. However, this finding clearly demonstrates
that also in the plasma edge density fluctuations are asso-
ciated with fluctuating parallel plasma currents, compara-
ble to the coherent drift wave mode, and shows that the
dynamics of the radially propagating turbulent structures
is intrinsically three-dimensional. This finding represents
the major difference to the radially propagating structures
in the tokamak SOL, where the quasi two-dimensional in-
terchange mode dynamics dominates.

5. Interaction of Fluctuations with
Driven Parallel Currents
The correlation of the fluctuating plasma currents par-

allel to the ambient magnetic field on the evolution of the
coherent drift wave modes and radially propagating struc-
tures in drift wave turbulence strongly suggests that both
dynamical states can be influenced by externally driving
the plasma currents. A study of the interaction of coherent
drift wave modes with periodically driven Alfvén waves
showed non-linear interaction and demonstrated that the
drift mode dispersion can be altered due to the presence of
the Alfvén wave [25]. First evidence was obtained that the
interaction occurs between the drift mode currents, which
are mainly located in the strong radial plasma gradient re-
gion, and the Alfvén wave current located in the plasma
center. We extend the study by imposing mode patterns of
the parallel currents, similar to current pattern of the coher-
ent drift mode itself, by two experimental arrangements,
shown in Fig. 7. The first setup consists of 8 azimuthally
arranged electrodes, which are in direct contact with the
plasma in the outer edge. The electrodes can be biased
periodically with a variable phase shift between the indi-
vidual electrodes. This way an azimuthally rotating cur-
rent pattern with mode numbers m ≤ 3 (Nyquist limit)
can be generated. The maximum current density ampli-
tude drawn by the electrodes is typically jex ≤ 1 A/cm2,
which is on the same order of magnitude as the intrin-
sic drift mode currents (c.f. Fig. 5). The frequency of the
mode pattern can be chosen in the range fex = 1 . . . 20 kHz,

Fig. 8 Interaction of a driven m = 2 current pattern with a co-
herent m = 2 drift wave mode. Spectrogram of density
fluctuations for a frequency scan of the current pattern as
generated by the electrode exciter (a), dependence of the
coherent drift mode synchronization range on the ampli-
tude of the driven current density for the electrode exciter
(b) and the coil exciter (c).

which covers the frequency range of coherent drift modes
in Vineta. The second arrangement consists of a set of 8
magnetic saddle coils surrounding the plasma azimuthally.
The coils are connected to audio amplifiers with a maxi-
mum output power of 600 W via an impedance network.
The impedance matching allows presently for mode fre-
quencies fex = 1, . . . , 10 kHz. The details of the experi-
mental setup will be published elsewhere. Due to the in-
ductive drive the coil exciter has no direct plasma contact.
The maximum amplitude of driven parallel plasma cur-
rents is significantly smaller when compared to the elec-
trode exciter with typically jex ≤ 50 mA/cm2. First, the
influence of the driven current pattern on the dynamics of
coherent drift wave modes is studied. For the case of a
m = 2 drift wave mode a current with the same mode
pattern is driven with both exciter setups. The azimuthal
phase velocity of the driven current pattern is in direction
of the electron diamagnetic drift velocity. The frequency of
the current pattern is increased in consecutive discharges
across the natural drift mode frequency. The spectral evo-
lution of density fluctuations is shown in Fig. 8 (a). The
drift wave mode has a frequency of fdw = 3 kHz and in
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Fig. 9 Power density spectra (left), time series of density fluctuations along an azimuthal plasma circumference (middle), and correspond-
ing wavenumber-frequency spectra (right) for weakly developed drift wave turbulence (top) and synchronization of turbulence with
the electrode exciter (bottom).

this case the electrode exciter is scanned in frequency in
the range fex = 2, . . . , 4 kHz. The drift wave mode and
exciter fluctuation co-exist until the exciter frequency ap-
proaches the drift mode frequency. This is not only visi-
ble for the fundamental frequency but also for the higher
harmonics. When the exciter frequency approaches the
drift wave mode frequency, the mode is synchronized by
the driven current pattern and is dragged in frequency un-
til a frequency mismatch of approx. 20%. At this point
the drift mode is found independently of the exciter sig-
nal at exactly the natural drift wave mode frequency of
fdw = 3 kHz. The frequency range, in which synchroniza-
tion is observed, is not symmetric to the natural drift mode
frequency but is mainly achieved if the exciter frequency is
larger than the natural mode frequency. The range of mode
synchronization is not fixed but has a dependence on the
amplitude of the driven currents. In Fig. 8 the frequency
range of synchronization in dependence of the amplitude
of the driven plasma current is shown for the electrode ex-
citer (b) and the coil exciter (c). For all amplitudes it is
again found that synchronization is mainly achieved for
higher exciter frequencies. The range of synchronization
increases, however, with increasing amplitude. This is best
seen for the case of the electrode exciter, for which the
maximum amplitude of the driven currents exceeds the in-
trinsic drift mode currents (c.f. Fig. 5). For an amplitude of
jex ≤ 20 mA/cm2 the frequency range of synchronization
increases almost linearly with amplitude. For higher am-
plitudes a strongly non-linear increase is observed until the
increase in frequency range saturates at jex ≈ 200 mA/cm2

at a frequency mismatch of 30%. A similar behavior is
observed for the inductive exciter. Here, the current ampli-
tudes are much smaller with jex ≤ 30 mA/cm2 and only the
linear increase of synchronization range is observed. The
observed dependence of synchronization on the amplitude
of the control signal is a characteristic feature of nonlinear
systems and the region of synchronization is called Arnold
tongue [35] and strongly suggests the nonlinear character

of the interaction of the drift wave mode currents and the
externally driven currents. It is interesting to note that for
synchronization the amplitude of the driven current can be
as small as 5% of the intrinsic drift wave mode currents.
Synchronization is only observed if the phase velocity of
the driven current pattern is in direction of the phase ve-
locity of the drift wave mode. If the current pattern propa-
gates into the opposite direction no synchronization is ob-
served at all. The strong influence of the driven currents on
the dispersion of coherent drift wave modes strongly mo-
tivates to apply the same strategy as a control system for
the drift wave turbulence state. Figure 9 compiles the fea-
tures of turbulent density fluctuations. The power density
spectrum shows no pronounced drift wave mode peak and
follows a power law decrease for frequencies f ≥ 10 kHz.
The non-coherent behavior is also visible in the time se-
ries of density fluctuations measured simultaneously in the
radial density gradient region along an azimuthal plasma
circumference. The fluctuations are irregular and show
frequent phase jumps. The corresponding wavenumber-
frequency spectrum is flat without any dominant modes. If
we drive a m = 2 current pattern with the electrode ex-
citer the characteristic turbulent features of density fluctu-
ations alter considerably. The power density spectrum is
peaked at a frequency of f = 7 kHz and higher harmonics.
The density fluctuation time series are regular and show
the signature of an m = 2 drift wave mode. This is con-
firmed by the wavenumber-frequency spectrum, which is
strongly peaked at a modenumber of m = 2. The mode
is strictly coherent. It disappears if the exciter current is
switched-off and the fluctuations relay to the original tur-
bulent state. Similar to the coherent mode investigations
synchronization of turbulence is only observed if the cur-
rent pattern is propagating parallel to the drift mode phase
velocity. Otherwise no influence on the turbulent fluctua-
tions is obtained. A similar behavior was observed in an
independent study [36], for which a good agreement with
numerical simulations could be achieved. An important
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aspect of the synchronized state is that the resulting coher-
ent fluctuations resemble very much a coherent drift wave
mode. It is particularly found that in contrast to the tur-
bulent fluctuations the phase shift between density and po-
tential fluctuations is small. Thus, the anomalous trans-
port is significantly reduced in the synchronized turbulence
state. Furthermore, the intermittence in the plasma edge is
strongly reduced in response to the decreased radial trans-
port.

6. Summary and Conclusions
Investigations of the dynamics of fluctuations in drift

wave turbulence in a high-density, homogeneously mag-
netized helicon plasma device have been presented. The
dynamics of the fluctuations in the radial density gradi-
ent region and the plasma edge must be distinguished.
In the gradient region the fluctuations are dominated by
a quasi-coherent drift wave mode, which propagates in
electron diamagnetic drift direction. In contrast to a co-
herent mode the associated plasma potential fluctuations
show a large azimuthal phase shift of π/2 with respect to
the density fluctuations. Thus, the radial transport by the
quasi-coherent mode is considerably higher, which pro-
duces large density fluctuations in the plasma edge region.
Those fluctuations propagate azimuthally in opposite di-
rection with time-averaged E × B drift. Additionally, the
associated potential fluctuations cause a radially outwards
E × B drift, which leads to radial propagation of the tur-
bulent structure. This behavior is similar to structures ob-
served in the tokamak SOL. However, measurements of
the magnetic field fluctuations revealed that a fluctuating
parallel plasma current is correlated with the turbulent den-
sity structures in the plasma edge, which indicates the in-
trinsic three-dimensional dynamics of the structures. This
finding represents a major difference to the situation in the
tokamak SOL, where the fundamental dynamics is quasi
two-dimensional. In contrast to coherent drift wave modes
the current is phase shifted with respect to the density fluc-
tuations. The importance of the parallel plasma current is
highlighted by the investigation of the interaction of the
drift wave fluctuations with externally driven plasma cur-
rents. With two different exciter setups, an electrode ex-
citer with direct contact to the plasma and an inductive ex-
citer, parallel plasma currents are driven mode-selectively.
A coherent drift wave mode can by synchronized in fre-
quency by the driven plasma currents if the same current
mode pattern and the same direction of the phase veloc-
ity is chosen. The frequency range of synchronization is
strongly dependent on the amplitude of the driven current.
The range generally increases nonlinearly with current am-
plitude, which strongly suggests a nonlinear interaction be-
tween the intrinsic drift wave mode currents and the ex-
ternally driven currents. In the case of drift wave turbu-
lence a full synchronization of the turbulent fluctuation to
the prescribed mode is achieved. As in the coherent mode

case synchronization is only achieved if the phase velocity
of the driven current pattern is in direction of the mode’s
phase velocity. The regular fluctuations show all charac-
teristics of coherent drift wave modes, particularly the low
level of radial transport.
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