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The influence of magnetic field curvature on the intermittency in density and potential fluctuations in driftwave turbulence has been investigated in the stellarator TJ-K in the framework of an extended HasegawaWakatani model. A structure function analysis was used to estimate the intermittency level of poloidally
resolved drift-wave turbulence measurements of a deuterium plasma in TJ-K. Potential fluctuations were
found to be broadly self-similar, whereas density fluctuations were found to be more intermittent in the region
with negative normal and positive geodesic curvature. This behaviour could be understood by comparing the
data to two-dimensional extended Hasegawa-Wakatani simulations which retain gradients in the magnetic field
strength, giving rise to curvature effects. The model is able to reproduce the trends in the experimental data
if both normal and geodesic curvature effects are accounted for, as well as the local anisotropy of turbulent
length scales. The analysis indicates the importance of local magnetic geometry as a factor in the decoupling
of density and potential fluctuations, leading to intermittency in drift-wave turbulence.
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I.

INTRODUCTION

The transport of particles and heat by turbulent eddies from the edge region of magnetically confined plasmas towards the reactor wall lowers the confinement time
and poses a threat to plasma facing components1,2 . A
large proportion of this transport is often attributed to
long-lived plasma filaments, characterised by intermittent fluctuations in the plasma pressure, known as blob
filaments3,4 . The effect of magnetic field curvature on the
dynamics of these filaments is well documented5–7 , and
there is evidence that it can localise blob generation8 .
The paradigm for blob generation is a shearing-off of
high amplitude drift waves in the flow-shear region at
the plasma edge9,10 . Therefore, the statistical properties relating to intermittency in this region, dominated
by drift-wave turbulence, are of interest regarding the
properties of turbulent transport in the scrape-off layer
(SOL).
In the adiabatic limit of drift-wave turbulence, where
the collisionality is very low, the density field is strongly
coupled to the electrostatic potential resulting in electrically unpolarised density perturbations. A previous
study11 has shown that a decoupling of density and potential in drift-wave turbulence via increased collisionality leads to intermittency in the density fluctuations. It is
thus reasonable to assume that a magnetic field curvature
driven polarisation of density perturbations could have
a similar effect on the intermittency of the turbulence.
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Indeed a study has shown the importance of the normal
component of the magnetic field curvature in determining
intermittency in drift-wave turbulence in simulations12 ,
however experimental evidence is still lacking.
The experiment TJ-K13 is ideally suited for detailed
comparison with simulation results. Low plasma densities and temperatures allow Langmuir probe access in the
entire plasma volume. Arrays of probes can be used to
investigate the spatial variation of the properties of edge
turbulence and compare them to local parameters such
as magnetic field curvature.
The Hasegawa-Wakatani model14,15 for drift-wave turbulence provides a relatively simple framework within
which to interpret the experimental data in terms of
the underlying physical mechanisms. The model may
be extended to introduce the effect of an inhomogeneous magnetic field, without modifying the simulation
grid geometry, in order to reproduce the effect of magnetic curvature16 . The resulting extended HasegawaWakatani (EHW) model predicts a difference in the intermittency of drift-wave turbulence between the good
and bad-curvature regions in magnetic confinement fusion devices12 .
The paper is laid out as follows. In section II the structure function method of analysing intermittency is presented. Following this, in section III details of the stellarator experiment TJ-K are given, including the diagnostics required for poloidally resolved fluctuation measurements. The main experimental results are then presented in section IV. The EHW model is described in section V, following Dura et al12 but including a ”geodesic
curvature” component. In this section, simulations carried out with the model are compared to the experimental data. Finally section VI draws together the important
points discussed in sections IV and V.
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II.

CHARACTERISING INTERMITTENCY

A central assumption of Kolmogorov’s K41 three dimensional turbulence model17,18 and Kraichnan’s Kr67
model19,20 for two dimensional turbulence is self-similar
motion in the inertial ranges of the turbulence spectrum. Self-similar turbulence implies no prefered direction of flow and quasi-Gaussian statistics across all
scales involved in the inertial range. A lack of selfsimilarity implies intermittency, which can essentially be
thought of as a scale-variance of the statistical moments
of the probability density function. Several methods exist to characterise the intermittent nature of datasets
(see for example18,21 ), however a commonly used method
is that of structure function analysis (see for example
Refs.18,22,23 ). The structure function of order q for a
spatially varying quantity X(r) is calculated from
Sq (d) = h|X(r + d) − X(r)|q i = h|δXd (r)|q i

(1)

where d is the displacement between points in space and
h...i represents an average over space. The absolute value
of δXd (r) is taken to improve convergence24,25 . The qth
order structure function is the statistically averaged qth
moment of the distribution of the difference variable δX
as a function of separation d. The second order structure function, for example, corresponds to the covariance of the difference functions at points r and r + d. In
the field of neutral fluids, intermittency in the velocity
field is commonly studied and so X is the velocity v and
δv = (v(r + d) − v(r)). In the case of plasma turbulence
density perturbations can actively influence the flow dynamics, which is in contrast to neutral fluids where the
density is only passively advected. Thus in plasmas the
density as well as the vorticity are of interest, besides
the flow field itself12,24,26 . The scaling of the structure
functions as a function of the displacement d between
two points provides information on scale-invariance. The
analysis proceeds by looking for a power-law relation of
the form Sq ∝ dζq , to extract the scaling exponent ζq .
If ζq is a linear function of q then the data is said to
be self-similar, however, a deviation from a linear relationship indicates the presence of intermittency. The fitting of a power-law relation to the structure functions is
greatly facilitated by the extended self-similarity (ESS)
technique27 , which consists of plotting all structure functions against S3 , thereby reducing the impact of undetermined undulations in the raw structure function data18 .
The third order structure function is used in the ESS
analysis due to Kolmologrov’s four-fifths law, which implies the property ζ3 = 1 (see Ref. 18). Thus the form of
ζq is not being altered through this normalisation. Scaling exponents can then be calculated more accurately
from the slope of the ESS plot. To characterise the level
of intermittency, allowing comparison between different
data sets, the difference between the calculated 6th order
normalised structure function and its non-intermittent
prediction of 2 can be taken18,22,23,28 , µ ≡ 2 − ζ6 /ζ3 .

This quantity will be used in order to compare the intermittency level at different poloidal positions. The 6th
order structure function was first introduced as a fitting
parameter in the log-normal intermittency model18 and,
for comparison, it is commonly used in the literature to
characterise the intermittency in terms of the intermittency parameter (see e.g. references 22 and 29). Moreover, the 6th was the highest accessible order, resulting
in a smaller percentage uncertainty on the intermittency
parameter.
Experimentally, spatial variations in the potential and
electron density fields are difficult to access with sufficient resolution. However, if the turbulent flow fluctuations are treated as small compared to the equilibrium
flow (Taylor’s hypothesis30 ) then the spatial structure,
frozen in the flow, maps to temporal variations for measurements taken at a fixed position. The corresponding structure functions are then calculated in time using
Sq (τ ) = h|δx(t)|q i, with a time lag between points of
τ . Plasma potential measurements in TJ-K have shown
that the fluctuating E × B velocity is typically a factor
of 3-4 times smaller than mean flow at the inner edge
of the separatrix, indicating the validity of the Taylor
hypothesis.

III.

EXPERIMENTAL SETUP

Experiments were carried out at the stellarator TJK13 , depicted schematically in figure 1a). TJ-K is a
small sized l = 1 stellarator (torsatron) with a major
radius of R = 0.6 m and a minor radius of approximately a = 0.1 m. The single helical coil has a 6-fold
symmetry in the toroidal coordinate. Plasma breakdown is achieved with electron cyclotron resonant heating using a 2.45 GHz magnetron with up to 3 kW heating power (see31 for details on plasma heating in TJK). For the deuterium plasmas generated for these experiments, peak electron densities are typically of the
order of ne ≈ 5 × 1017 m−3 , whilst electron temperatures are around Te ≈ 10 eV and ions are cold, Ti < 1 eV
32
. Due to the low density and temperature, Langmuir
probes can be used in the entire plasma volume without
risking damage, enabling large data-sets to be obtained
with relatively high spatial resolution. Edge turbulence
in TJ-K has been found to be drift-wave dominated33 .
Despite relatively low densities and temperatures the dimensionless quantities relevant to drift-wave turbulence
are similar in TJ-K to those in the edge region of larger
reactors34 , making the results obtained here relevant to
the fusion community as a whole.
The 2D probe manipulator unit is used to obtain radial
profiles of the ion saturation current, Ii,sat , and the electron temperature, Te , through fitting of current-voltage
characteristics. These measurements are used in conjunction with a 64 GHz interferometer, measuring the
line-averaged electron density, to determine the absolute
density values (see Ref. 35 for details) and therefore

3

2D probe unit

a)

poloidal probe array
vertical field coils
helical field coil
poloidal
limiter

poloidal limiter
interferometer

2.45 GHz magnetron
b)
20

c)
4

+
-

0

θ
0

3.

1.

4.

0

-2

-10
-20

2.

2

κ [m-1]

z [cm]

10

1.

50

60
70
R [cm]

-4
-1

κn
κg
-1/2

0
θ [π rad]

1/2

1

FIG. 1. a) A schematic top view of the stellarator TJ-K
with its key diagnostics. b) A poloidal cross-section of the
vacuum vessel showing the layout of the outer-port poloidal
probe array. c) Normal, κn , and geodesic, κg , curvature as
a function of poloidal angle θ at the array position in TJ-K.
Dashed lines and numbering represent curvature parameters
taken for local simulations.

the plasma collisionality, C. In the case where electronelectron collisions dominate the electron parallel mobility
calculated C may be calculated from15

C=
=

νee /ωce
(kk ρs )2
ne me Be
5/2

1.4 × 1010 mi kk2 Te

,

(2)

where νee is the electron-electron collision frequency,
ωce = eB/me is the electron cyclotron frequency, and
ρs is the drift scale. Electron and ion masses are given
by me and mi , and kk is the typical parallel wavenumber
of the drift-wave turbulence. The parallel wave number
used here for hydrogen was previously determined in Ref.
36. In addition, a pair of poloidal limiters were used (see
figure 1a) for location), consisting of a steel plate with

the precise shape of flux surface cut into it, ensuring a
well defined last closed flux surface (LCFS).
The relationship between magnetic curvature and intermittency can be studied by exploiting the poloidal
variation in the normal and geodesic magnetic curvature components, κn and κg , in TJ-K, depicted in figure 1c). The normal curvature is positive on the inboard
side and negative on the outboard side, corresponding
to good and bad curvature regions respectively. The
geodesic curvature, on the other hand, has an up-down
asymmetry with positive values above the mid-plane and
negative values below. To this end a poloidal Langmuirprobe array, figure 1b) was used to measure fluctuations
in Ii,sat and φfl at discrete locations on a flux surface.
The array consists of 64 equidistant Langmuir probes
positioned 8.1 mm apart located on the intersection between the poloidal measuring plane and a flux surface
approximately 1.5 cm inside the LCFS. Individual probes
are constructed from a 0.1 mm tungsten wire electrically
isolated from the plasma with an ceramic aluminium oxide tube, covering the entire tungsten wire apart from
a 3 mm exposed tip. The 64 probes making up the array are secured to a metal ring, ensuring precise positioning of the probe tips along the desired flux surface
projection, the coordinates of which were obtained using
a field-line tracing code. Consecutive measurements of
φfl and then Ii,sat of 0.5 s duration at a sampling rate of
1 MHz were obtained simultaneously with all 64 probes,
providing long enough data series to calculate up to the
6th order structure function. Due to a lack of coherent
temperature fluctuations in TJ-K37 , Ii,sat fluctuations are
proportional to those of the electron density, and φfl fluctuations to those of the plasma potential.

IV.

EXPERIMENTAL RESULTS

Measurements of the electron density and potential potential fluctuations (proportional to Ii,sat and φfl respectively) were performed as a function of poloidal angle
using the 64-probe array detailed in section III. From
these measurements structure functions were calculated,
and an ESS analysis was performed to obtain the intermittency parameter, µ = 2 − ζ6 /ζ3 , as detailed in section
II. Example structure functions up to order q = 6 are
shown in figure 2 a) for a probe at the low field side of
the probe array, at θ = 0 rad. The structure functions
have similar forms to those found for ion saturation current measurements in other edge plasmas38 . The aim of
the structure function intermittency analysis is to look
for a power law scaling with the time lag, Sq ∝ τ ζq . A
power-law scaling region (linear on the log-log scale) in
Fig. 2a) is not obvious, making the accurate estimation
of ζq difficult. The ESS technique, however exhibits a
much larger region of power law scaling, as can be seen
from Fig. 2b), allowing a more accurate estimation of
the scaling exponent. The quantity of data was sufficient
to allow ESS analysis of the 6th order structure function
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FIG. 3. Poloidal
profiles of the
intermittency
parameter,
µ,
for density and
potential fluctuations measured
with the poloidal
probe array for
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FIG. 2.
a) Example
structure functions from
Ii,sat measurements at
the mid-plane probe on
the outboard side.
b)
ESS analysis of the same
data along with linear fits
(black lines). c) Scaling of
power-law exponent ζq /ζ3
with order q.

exponents of Ii,sat signals at all poloidal locations. Due
to the length of the time series (≈ 0.5 s), the maximum
structure function order was limited to q = 6. This limit
was determined following the analysis in Ref. 39. The
resulting scaling curves from this analysis are shown for
4 poloidal positions in Fig. 2c).

V. EXTENDED HASEGAWA-WAKATANI
SIMULATIONS

The 2D Hasegawa-Wakatani model14,15 captures the
essence of drift-wave turbulence in a small number of
parameters: C the collisionality, which accounts for dynamics parallel to the magnetic field; and Ln the density
gradient length scale. The model has been widely used
to study fundamental aspects of drift-wave turbulence
in relation to its statistical and intermittency properties
(see for example12,41–43 ). The model can be extended to
include an inhomogenous magnetic field whilst retaining
the ease of computation of two fields in two dimensions.
This is referred to as the Extended Hasegawa-Wakatani
(EHW) model16,44,45 . The equations are based on the
Hasegawa-Wakatani model, but include extra terms due
to the fact that the divergence of the E × B and diamagnetic drift velocities no longer vanish when gradients in
the magnetic field strength are retained. In this case the
equations become

∂t n + {φ, n} + ∂y φ
Fig. 3 shows the result of the ESS analysis repeated for
all 64 probes in the array, leading to the intermittency
parameter, µ, for density and potential fluctuations as
a function of poloidal angle. From this it can be seen
that the potential fluctuations have low µ (< 0.1) across
the range of poloidal angles, indicating self-similarity.
This is consistent with other observations of the plasma
potential12,24,29,40 . The density on the other hand exhibits more intermittent behaviour, signified by a higher
µ, in the region 0 < θ < 3π/4. In general, there is a peak
in the intermittency parameter on the low-field side. This
can be compared to previous predictions of more intermittent fluctuations on the low-field side12 , which can
be explained due to the normal component of the magnetic curvature. In the measurements shown in Fig. 3
the intermittency parameter profile is shifted compared
to what would be expected from a model containing only
the normal curvature component. In section V it will
be shown that it is possible to explain the form of the
profile by introducing a geodesic curvature component
and taking into account the anisotropy of the turbulence
wavenumber spectrum.

1
1
= (φ − n) − 2 {ln B, φ − n}
Ln C

∂t Ω + {φ, Ω} =

(3)

1
(φ − n) − 2 {ln B, −n} , (4)
C

where n is the density, φ the potential, Ω = ∇2 φ the
vorticity, Ln the density gradient length, and C is the
collisionality. The Poisson bracket is defined as {A, B} =
∂x A∂y B − ∂x B∂y A. The effect of a non-linear magnetic
field is captured by the second term on the right hand side
of each equation, where the local magnetic field strength
is given by B. The model assumes that the pressure gradient is governed by a constant density gradient, 1/Ln ,
with Te = const, whilst ions are assumed to be cold with
Ti ≪ Te . 2D slab geometry is obtained by taking a characteristic parallel wavenumber for the turbulence, allowing resistive coupling of n and φ to be modelled by the
collisionality factor, C.
Simulations have been performed by Dura et al12 with
an extended HW model, retaining a constant gradient of
the magnetic field in the x coordinate, equivalent to modelling the normal component of the curvature when considering the mid-plane of a tokamak. In this case a value
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of ∂ ln B/∂x with the same sign as the density gradient
1/Ln corresponds to the region of good curvature, and a
value of ∂ ln B/∂x with the opposite sign corresponds to
the region of bad curvature. In addition to a gradient in
the magnetic field strength in the x direction, a gradient
in the y direction may also be retained from the Poisson
bracket, which can play the role of geodesic curvature. To
aid a comparison with experimental data, the magnetic
gradient in the x and y directions is henceforth referred to
as the normal and geodesic curvature respectively, so that
we have κn = ∂ ln B/∂x and κg = ∂ ln B/∂y, although
it should be kept in mind that the extended HasegawaWakatani model is still two-dimensional. Making substitutions for κn and κg , the EHW equations read

∂t n + {φ, n} + ∂y φ

1
1
= (φ − n)
Ln C

−2κn ∂y (φ − n)
+2κg ∂x (φ − n)
(5)

∂t Ω + {φ, Ω} =

1
(φ − n)
C

−2κn ∂y (−n)
+2κg ∂x (−n). (6)

For numerical stability, artificial damping terms of the
form ν∇2 n and µ∇2 Ω (Newton viscosity) were added
to the right hand side of equations 3 and 4, with ν =
µ = 0.01, damping high wavenumbers and providing an
energy and enstrophy sink. The collisionality parameter
C describes the parallel motion of the electrons and was
deduced from experimental parameters for the TJ-K case
as in Ref. 11.
Local simulations were performed using the EHW
model at the four poloidal positions indicated in Fig. 1c)
and summarised in table I. The magnitude of κ at these
locations is calculated by making the curvatures in TJ-K
dimensionless via the parameter ρs . Taking a normalisation factor of ρs on the order of 1cm the resulting |κ|
is of the order of 10−2 to 10−1 for the local simulation

TABLE I. The curvature characteristics in TJ-K at the 4 discrete locations used in simulations.
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FIG. 5. Example snapshots
of the saturated turbulent
fluctuations of n, φ and Ω
for a simulation with κn =
−0.1 and C = 1.33
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regions. The collisionality was set at C = 1.33 in order
to compare with the experimental data. All simulations
were performed on a 40 × 40 ρs grid with 512
p× 512 nodes,
with a time step of 0.005 ρs /cs , where cs = Te /mi is the
ion speed of sound. Double periodic boundary conditions
are used for simplicity, disregarding radial variations in
the density profile.
Time-traces of the energy integrated over the simulation grid for each of the four simulations is shown in
figure 4. After a growth period of 10000 to 50000 time
steps, the energy saturates and a turbulent steady state
is reached, following which the statistical properties of
simulation data could be analysed. Example snapshots
of the n, φ and Ω fields for the case with negative normal curvature are shown in figure 5 after a saturation in
the integrated energy and enstrophy has been reached.
Based on the analysis in Ref. 11, visual inspection of
the density field can already yield information on the intermittency of the fluctuations. In this case the density
field quite closely resembles the vorticity field, indicating
a decoupling of the density and potential fields, and the
intermittency of the density. This intermittency can be
quantified with a structure function analysis.
A spatial structure function analysis was carried out
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for snapshots of the turbulent fields n and φ over a period of 50000 time steps (indicated by the shaded region
in figure 4). The eddy turnover time, te , was between 70
and 140 time steps, where te is calculated from te = 1/W ,
and W is rms vorticity43 . Snapshots were taken equally
spaced over 500 time steps (corresponding to ≈ 3 − 7 te )
in order to obtain better statistics, ensuring that subsequent snapshots are not strongly correlated. As with the
experimental data, the intermittency parameter, µ, was
obtained through an ESS analysis of the structure functions. The resulting poloidal profile of µ is shown, labelled as EHW 1, along with the experimental data from
section IV in figure 6a) for the density field, µn , and in figure 6b) for the potential, µφ ,. As in the experiments, the
intermittency parameter for the potential is consistently
low over the entire range of θ, indicating self-similar fluctuations in the potential, which matches observations in
other studies12,24,29,40 . The broad trend of µ(θ) found
in the experimental density fluctuations is reproduced in
the simulations above the mid-plane (0 < θ < π), however below the mid-plane a large discrepancy can be observed between −π < θ < 0. In order to understand this
discrepancy, and indeed the general form of the profile
in µ for the experimental data, further simulations were
carried out to account for spatial inhomogeneity in the
turbulence.
The main feature in the EHW 1 simulation poloidal
µn profile is a higher intermittency parameter on the
low-field side, where κn < 0 as compared to at θ = π,
where κn > 0. This can be explained by the decoupling
of the density and potential fluctuations through the curvature terms in equations 6 when the normal curvature is
negative, in a similar way to which the density-potential
coupling is influenced by the collisionality parameter in
the classic HW model11,12 . However, the coupling terms
in the EHW model, κn ∂y (φ − n) and κg ∂x (φ − n), in-
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FIG. 7. Poloidal
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for
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values of the
geodesic curvature, κg = ±0.1,
±0.35 and ±0.5.

volve taking the spatial gradients ∂x and ∂y of the term
(φ − n). Thus in the EHW model the shape of eddies is
important. In a previous investigation46 , a shift of the
turbulent transport maximum from the outboard midplane to the region with negative normal and positive
geodesic curvature (θ ≈ π/2) could be explained using a
linear model of drift-wave growth rates47,48 . According
to this model the drift-wave growth rate was given by

γ ∝ −κn + κg

χ′ ss
G (Θk + Λ),
B

(7)

where χ′ is radial derivative of the poloidal magnetic flux,
Λ is the integrated local magnetic shear, Θk reflects the
ratio of the radial and poloidal wavenumbers, and Gss
is the metric coefficient in the radial coordinate. This
model predicts a shift in the maximum growth rate from
the outboard mid-plane (where κn is most negative) to
the region where κn < 0 and κg > 0. It was found that
the characteristics of the experimental poloidal profiles
of turbulent radial transport were reproduced best when
the ratio of radial to poloidal wavenumbers is approximately 2, corresponding to radial length scales which
are shorter than poloidal length scales. Such an effect
can be incorporated into the simulations by altering the
magnitudes of the curvature terms, since these affect the
impact that the curvature has on the density-potential
coupling. Thus an impression of the effect of anisotropic
length scales in the simulations can be gained by altering
the curvature values at different positions.
Figure 7 shows the results of the local EHW simulations with increasing absolute values of the geodesic curvature parameter, reflecting a larger value of the ratio of
radial and poloidal wavenumbers. The local simulations
incorporating normal curvature (at the poloidal locations
θ = 0, ±π) remain the same for the three profiles, with
κn = ±0.1. From the figure it can be seen that increasing
|κg | results in a decreased µn for both positive and negative geodesic curvature regions, however the decrease in
µn is larger in the region of negative geodesic curvature
compared to the region of positive geodesic curvature.
Whilst such an analysis is qualitative in nature, it is still
interesting to compare the results with the experimental
data. The local simulations with |κg | = 0.35 are shown in
figure 6 as EHW 2. In the case of the potential field, the
profile remains the same, however for the density field,

7
the dip in µ is now reproduced in the simulations. This
indicates that the dominant turbulence length scales also
play a role in determining where magnetic field curvature
leads to density-potential decoupling, and the resulting
locally enhanced intermittency levels. A more detailed
understanding of this phenomenon would required more
complex simulations, taking into account magnetic shear
(which also enters into Eq. 7), and in the best case, the
full global magnetic field geometry. This is outside of the
scope of this paper and is left for future work.

VI.

SUMMARY AND CONCLUSIONS

Poloidally resolved measurements of the intermittency
level of drift-wave density and potential fluctuations have
been studied in the framework of an extended HasegawaWakatani model. It has been observed that the potential
fluctuations are consistently self-similar at all poloidal
positions, characterised by a low intermittency parameter, µ. The density fluctuations, on the other hand, exhibit a peak in the intermittency parameter in the region
where the normal curvature is negative and the geodesic
curvature is positive.
To understand the form of this intermittency profile,
complementary two-dimensional extended HasegawaWakatani simulations were performed, retaining gradients in the magnetic field in order to simulate magnetic
field curvature. Four local simulations were carried out
with local curvature characteristics corresponding to the
inboard, outboard, top and bottom of a poloidal cross
section. Simulations with these characteristics exhibited
a peak in µ at the outboard mid-plane, where normal
curvature is at a minimum and there is no geodesic component of the curvature. This is in contrast to the experimental data, where the peak is shifted into the region
with positive geodesic curvature. This shift could be understood by accounting for the anisotropy of the radial
and poloidal length scales of drift wave eddies, found in
previous studies. By performing simulations with modified geodesic curvature values to account for the larger
poloidal compared to radial length scales, the shift of the
profile peak away from the mid-plane into the region of
positive geodesic curvature could be reproduced.
These findings show the importance of considering local curvature properties as a factor in the decoupling of
density and potential fluctuations in drift-wave turbulence, giving rise to intermittent density fluctuations.
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