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Abstract. A new magneto-hydro-dynamic instability called ’Edge Snake’, which was found
in 2006 at the Tokamak ASDEX Upgrade during type-I ELMy H-modes, is investigated. It is
located within the separatrix in the region of high temperature and density gradients and has a
toroidal mode number of n = 1. The Edge Snake consists of a radially and poloidally strongly
localized current wire, in which the temperature and density profiles flatten. This significant
reduction of pressure gradient leads to a reduction of the neoclassical Bootstrap current and
can plausibly explain the drive of the instability. The experimental observations point towards
a magnetic island with a defect current inside the O-point of the island. The Edge Snake is
compared to similar instabilities at JET, DIII-D and ASDEX Upgrade.

1. Introduction
With increasing size of fusion experiments, the peak load of expelled energy and particles
during an Edge Localized Mode (ELM) on the plasma facing components increases [1]. For
future reactors like ITER such loads are not tolerable. Hence great effort is underway to
increase the understanding of the edge transport to mitigate or even avoid ELMs. While
studying the various edge parameters, e.g. magnetic field and line integrated plasma radiation
a new distinctive pattern was found. Owing to the localization of the underlying instability at
the edge and the resemblance of the signals to the already described Core Snakes [2, 3] it was
called Edge Snake.
In section 2 the Edge Snake is characterized by means of various diagnostics covering a
broad range of plasma parameters (Ḃr , Ḃpol , Te (1D, 2D), ne , line integrated plasma radiation,
Hα radiation). In section 3 the implications of the experimental findings will be discussed and
possible theoretical explanations of this phenomenon will be proposed. In section 4 the Edge
Snake will be compared to similar instabilities at JET, DIII-D and ASDEX Upgrade.
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Figure 1. (a) Time trace of the derivative of the radial magnetic field, showing 2 consecutive
ELMs and the typical comb-like signal structure of the Edge Snake.
(b) Typical signals of the Edge Snake on various plasma parameters: magnetic field (MHA),
electron temperature (ECE), line integrated plasma radiation (AXUV), Hα radiation in the
divertor (Hα ) and shunt currents in the divertor tiles (Ipol ).

2. Experimental observations
The magneto-hydro-dynamic phenomenon Edge Snake was analyzed with magnetic probes
(so called Ballooning coils), designed to measure the derivative of the radial magnetic field
close to the separatrix. A typical signal from these probes can be seen in Figure 1 (a). The distinct inharmonic character of the perturbation of the magnetic field is clearly visible between
two consecutive ELMs. The Edge Snake occurs only during high recycling Type-I ELMy
H-modes with q95 < 6 and large central line averaged densities of typically 8 ·1019 m−3 . The
usual lifetime of the Edge Snake between two ELMs is around 4 ms but can extend up to
20 ms. The amplitudes of the different measurements do not show a particular increase or decrease during its occurrence. Typically the appearance of an Edge Snake is not systematically
in between many consecutive ELM cycles: sometimes it emerges and disappears somewhere
in between two ELMs while on other occasions it begins immediately afterwards or is terminated by an ELM.
In addition to the magnetic signal the Edge Snake can be seen in various other plasma parameters like the electron temperature, measured by the Electron Cyclotron Emission plasma
diagnostic (ECE [4]) and the line integrated plasma radiation, measured by semiconductor
pinhole cameras and ranging from UV to Soft X-ray (Absolute power measurement in the
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Figure 2. (a) Time trace of the derivative of the radial magnetic field, showing 3 consecutive
ELMs and the typical comb-like signal structure of the Edge Snake.
(b) Spectrogram of the magnetic signal, showing up to 15 harmonics.

eXtreme Ultra Violet spectral range, AXUV [5]). Furthermore, the perturbation can be seen
in the Hα radiation measured in the lower divertor. The poloidal currents flowing from the
plasma onto the divertor, which are measured via shunts in the target plates (Ipol [6]) also
show the distinctive pattern of the Edge Snake. Time traces of all these measurements are
shown in Figure 1(b), where the inharmonic structure of the signal can be seen in most cases.
Some signals are however broadened due to geometrical effects and line transitions of not
fully ionized atoms.
2.1. Frequency and mode numbers derived from magnetic measurements
From the magnetic signals a fundamental frequency of 2.0 ± 0.2 kHz can be derived. Having
a closer look at the spectrograms up to 15 additional harmonics can be observed, which are
caused by the strong inharmonic nature of the signal (Figure 2(b) around 3.00 seconds). The
toroidal mode number can be determined with the toroidal Ballooning coil array, which covers
half of the circumference of the torus. With only very few exceptions (discussed later) it has
a fundamental value of n = 1 with many harmonics. The analysis of the poloidal Ballooning
coil array, which covers only 60 deg on the low field side, leads to a minimal poloidal mode
number of m > 3.5. Since in most cases the lifetime of the Edge Snake was too short to analyze it by means of a Fourier transformation, a method of determining the phase difference
between the channels via a correlation analysis was implemented. This method leads to a
local poloidal phase velocity around the midplane on the low field side of around 10 krad/s in
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the electron diamagnetic drift direction. The toroidal phase velocity calculated likewise has a
value of around 13 krad/s. Both speeds are only projections of the movement of the helical
instability on the two perpendicular directions. By dividing the two velocities and accounting
for the different rotation centers the pitch angle of the magnetic field lines can be obtained
assuming the alignment of the instability with the latter. The resulting inclination of 0.2, compared with equilibrium calculations [7], locates the Edge Snake at a ρpol between 0.9 and 1.0,
which resembles the outermost 5 cm inside the separatrix.
To deduce the exact poloidal mode number the phase shift of the Mirnov coil array was simulated. These coils span the entire poloidal circumference and measure the derivative of the
poloidal magnetic field just inside the vacuum chamber. The higher harmonics of the perturbation are damped in the signals of these coils, because of their larger distance to the plasma
and their different orientation. Therefore the phase shift could not be observed all the way
around the torus. The simulation was done with the Mirnov Interpretation Code (MIC [8]),
in which a sinusoidal perturbation current distribution jpert with a variable m-number and a
large exponent k is assumed to account for the constrained current: jpert ∝ sin(θ ∗ (θ ) · m)k .
Here θ ∗ (θ ) is the straight field line angle. By comparing the simulation with the experimental measurements the best accordance could be achieved with a fundamental poloidal mode
number of m = 6. This locates the Edge Snake on the q = 6 surface, which lies typically in
the steep gradient zone around ρpol ≈ 0.98.
2.2. Polarity and magnitude of the current
The polarity and magnitude of the perturbation current causing the Edge Snake can be determined by integration of the time traces of the Ballooning coils. A schematic of a current wire
moving upwards past the coils is shown in Figure 3 (c), where the current in the wire is flowing out of the plane of projection and against the normal ohmic and Bootstrap plasma current.
This configuration produces a counter clockwise magnetic field, which is first (position 1)
directed against the measuring direction of the coil, when the current wire is approaching it.
Thus the coil measures a negative radial magnetic field, which becomes zero when the current
wire is located exactly in front of the coil (position 2). The measured field then switches to a
positive value while the current wire is moving further upwards (position 3) and decays slowly
due to the growing distance between current wire and coil. Exactly the same pattern is shown
in the integrated magnetic measurements (Figure 3 (b)), which implies a defect (counter) current inside the Edge Snake.
Due to the strong radial and poloidal localization of the current wire, the flowing current
can be calculated with the formula of Biot Savart. For that purpose, an infinitesimal current
distribution on the q = 6 surface was assumed. The distance was taken as the minimal separation between this surface, deduced from equilibrium calculations and one Mirnov coil, which
measures the derivative of the poloidal magnetic field, B pol . Integration of this signal leads to
Figure 3 (d). The negative deviance of the poloidal magnetic field from the unperturbed case
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Figure 3. (a) Time trace of the measured derivative of the radial magnetic field.
(b) Radial magnetic field obtained by integration of time trace a).
(c) Schematic of a current wire passing one coil along the field lines.
(d) Poloidal magnetic field obtained by integration of one Mirnov coil.

shows the counter current character of this instability. By using this deviance and taking into
account the angle between current wire (pitch angle) and orientation of the coil, the flowing
current can be evaluated. In several discharges at multiple time points this value is always in
the range of 150 ± 30 Ampere.
2.3. Electron temperature and density behavior
The distinctive pattern of the Edge Snake can also be seen in the electron temperature on
channels just inside the separatrix in the steep gradient zone (Figure 4 (a)). Shown here is one
channel, where a temperature drop of about 100 eV is apparent with a background temperature of around 300 eV. Because the ECE is a localized and fast measurement, the poloidal
extension of the Edge Snake can be calculated. The full width at half maximum of the time,
the Edge Snake needs to pass the line of sight of the ECE lies around 10 µ s (Figure 4 (a)). By
multiplying this value with the prior determined poloidal velocity and the radius of the flux
surface, the Edge Snake has a poloidal extension of only 5 cm. The ratio of this extent and the
poloidal distance of two current wires is 1:50 and shows the extreme poloidal localization of
the temperature perturbation. Assuming a strong link between the temperature perturbation
and the region of the defect current by the changed Bootstrap current the poloidal localization
of the current wire is also evident. The radial structures of the Edge Snake can be seen from
the edge profiles of the electron temperature. In Figure 4 (b) the averaged profile (solid black
curve), which resembles the period between two passings of the Edge Snake, is compared
with profiles taken from single time points at various passings of the Edge Snake through
the line of sight of the ECE (dashed colored curves). The shown time points are indicated in
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Figure 4. (a) Time trace of one channel of the electron temperature just inside the separatrix.
Time points taken for the profile shown as dashed vertical lines.
(b) Edge profile of the electron temperature and electron density (c) showing the flattening in
the steep gradient zone due to the Edge Snake.

Figure 4 (a) with dashed vertical lines. The inversion of the profile to the plasma equilibrium
can be seen at a radial position of ρpol = 0, 97 to 1, which is consistent with the findings of the
simulation performed with the MIC Code. This inversion is not a global phenomenon which
occurs on the entire magnetic surface but is very localized to the perturbation of only a few
cm2 caused by the Edge Snake.
The edge profiles of the electron density are measured with the Lithium Beam Diagnostic
[9]. Its signal shows a flattening of the profiles, whose minimal gradient is at the same radial
position as the temperature measurements (Figure 4 (c)). The solid black curve represents the
inter Edge Snake averaged profile, whereas the dashed colored curves are measured during
short time intervals of consecutive passings of the Edge Snake through the Li-Beam. Due
to an Rout scan to optimize the data acquisition, no case is available where both Te and ne
are measured at the same time point with the needed accuracy to compare both values directly. But the assumption is nearby, that the passing of the Edge Snake causes a poloidal
and toroidal very localized temperature and density flattening. The radial extent of about 1.5
cm and the poloidal extent of 5 cm lead to a cross sectional area of about 7 cm2 . With the
measured current of 150 Ampere in the filament a current density of 0.2 MA/m2 has been calculated. This value is about 20 % of the unperturbed Bootstrap current at the location of the
Edge Snake. This current was calculated with the CLISTE Code [10], using the unperturbed
electron temperature and density gradient profiles in the steep gradient zone.

Characterization and interpretation of the Edge Snake

7

#24793, 2D ECE, t ≅ 2.53 s

a)

t = 2.53151 s

0,23

t = 2.53159 s t = 2.53161 s t = 2.53162 s t = 2.531635st = 2.53164s t = 2.53165 s

0.20

0.20

0.15

0.15

0.10

0.10

0.05

0.05

0.00

0.00

0.20

0.20

0.20

0.20

0.20

0.15

0.15

0.15

0.15

0.15

0.10

0.10

0.10

0.10

0.10

0.05

0.05

0.05

0.05

0.05

0.00

0.00

0.00

0.00

0.00

z [m]

-0.05

2.08

b)

2.10

2.12

2.14

2.16

2.18

-0.05

-0.05

-0.05

-0,07
2,07 R [m] 2,18

2.08

2.10

2.12

2.14

2.16

2.18

2.08

2.10

q = 3,

2.12

2.14

2.16

2.18

-0.05

2.08

2.10

2.12

2.14

2.16

2.18

-0.05

-0.05

2.08

2.10

2.12

2.14

2.16

2.18

2.08

2.10

2.12

2.14

2.16

2.18

2.08

2.10

2.12

2.14

2.16

2.18

2.08

2.10

2.12

2.14

2.16

2.18

4, 5, Sep

0,23
0.20

0.20

0.15

0.15

0.10

0.10

0.05

0.05

0.00

0.00

0.20

0.20

0.20

0.20

0.20

0.15

0.15

0.15

0.15

0.15

0.10

0.10

0.10

0.10

0.10

0.05

0.05

0.05

0.05

0.05

0.00

0.00

0.00

0.00

0.00

z [m]

-0.05

2.08

2.10

2.12

2.14

2.16

2.18

-0.05

-0.05

-0.05

-0,07
2,07 R [m] 2,18

2.08

2.10

2.12

2.14

2.16

2.18

2.08

2.10

2.12

2.14

2.16

2.18

-0.05

2.08

2.10

2.12

2.14

2.16

2.18

-0.05

-0.05

2.08

2.10

2.12

2.14

2.16

2.18

2.08

2.10

2.12

2.14

2.16

2.18

Figure 5. (a) Visualization of the upward movement of the Edge Snake in the 2D electron
temperature at consecutive time frames and (b) deviation from the equilibrium electron
temperature by subtraction of the average temperature of every channel for the same time
frames.

2.4. Occurrence in the 2D electron temperature measurement
The Edge Snake is also visible in the 2D electron temperature measured by the 2D ECE [11],
which covers a 11 × 30 cm cross section of the plasma around the separatrix on the low field
side. In the first row of Figure 5 the movement of the Edge Snake for consecutive time frames
can be seen, while the first plot shows the unperturbed case. For a better analysis of the data
the separatrix and some rational surfaces deduced from equilibrium calculations for the unperturbed case are also shown in the plot. While the position of the separatrix is identified by
a temperature value of around 100 eV, the radial locations of the q-surfaces have an error bar
of around 1 cm due to their determination by the externally measured magnetic field. This
value is in the typical range of the distance between two rational surfaces.
Clearly visible is the upward movement of the instability around the q = 4 ± 1 surface which
is consistent with the magnetic measurements within the error bars of the ECE and magnetic
measurements. The previously derived poloidal extension of around 5 - 7 cm (approximate
length of the entire perturbation) and radial extension of around 1.5 cm (distance between two
channels), can be confirmed, keeping in mind the fluctuation of the data. Since the perturbation of the electron temperature can be clearly linked to the perturbation on the magnetics and
shows the same inharmonic behavior, a similar ratio between the distance and the poloidal
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extension of two consecutive passings of the Edge Snake can be expected. This ratio again
has an approximate value of 50:1.
The plots in the second row also show a representation of the electron temperature at the same
points of space and time as the ones in the first row. In contrast to these ones they display the
deviation from the equilibrium temperature of every channel. This is deduced by subtracting
the average value of the temperature of each channel from the signal. In this representation
of the data the variation of the temperature by the Edge Snake is even more pronounced. It
consists of a first part, which is either hotter than the unperturbed plasma or in which plasma
is pushed outwards into cooler regions. This is followed by a second part, which is cooler
than the unperturbed case or in which plasma is pulled inside into hotter areas. Additionally
a difference of the radial position of the two parts can be seen, where the hotter first part
is located more to the outside than the cooler part. This disposition could already be seen in
the 1D electron temperature profiles and is in accordance with the theory of a magnetic island.
The interpretation of the data in this representation has to be carried out carefully. The perturbation appears as two clearly toroidally and radially separated structures, whereas looking at
the original data it seems rather to consist of a bending of the flux surfaces.
2.5. Radiation
Looking at the time traces of the AXUV diagnostic a variation of the shape of the signals from
discharge to discharge can be seen. This variation depends on the exact temperature and density at the rational surface in the steep gradient zone, where the Edge Snake is located. Two
cases are shown in Figure 6 for the same channel but from different discharges. The small
phase shift compared to the same magnetic channel originates from the different poloidal and
toroidal positions of the two diagnostics. In most cases the signal exists of a strong reduction
of the radiation shown in Figure 6 (a). The other signature, only observed in discharges with
a higher divertor electron temperature, is shown in Figure 6 (b).
In general it is not possible to ascertain the contribution of bremsstrahlung and line radiation of several impurities, especially in the edge region of the plasma. Here neither the exact
temperature, nor the exact density nor the exact impurity concentrations are known. One possible explanation of the first pattern is a reduction of the radiation, mostly bremsstrahlung, due
to the reduced density and mostly reduced temperature inside the island. One hypothesis for
the sawtooth shaped signals is the inward shift of the density profiles produced by the passing
of the Edge Snake. Hence fewer atoms in the line of sight of the diagnostic can contribute to
the radiation. A slow recovery phase occurs until the shape of the unperturbed steep gradient
zone is reached again.
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Figure 6. Time traces of the same channel of the line integrated plasma radiation measurement
(AXUV) in comparison to one magnetic coil, showing a difference in the shape of the signal,
depending on the exact temperature and density in the steep gradient zone.

2.6. Divertor diagnostics
The measurement of the poloidal currents which flow from the scrape off layer onto the
divertor as well as the Hα signal clearly show the distinctive pattern of the Edge Snake
(Figure 1 (b)). Despite its localization inside the separatrix and its small radial and poloidal
extension the Edge Snake has a clear influence through the scrape off layer into the divertor
region.
2.7. Exotic cases of the Edge Snake
Apart from the typical case of an n = 1, m = 6 instability, cases were found with an
n = 2, m = 12 structure, which implies two current wires separated toroidally by 180 degree.
Additionally even more exotic cases exist, where these two wires are separated toroidally
by 13 · 360 deg (Figure 7). It seems as if an n = 3, m = 18 structure exists on the rational
surface, where only two branches are occupied with a current wire and thus are visible on the
diagnostics. Furthermore, a few cases were found with an n = 4 to 6 and m = 6 · n structure,
where only n − 1 branches could be seen in the measurements, while one branch did not
show any amplitude. This behavior points towards a substructure composed of the higher
harmonics of the current distribution. This substructure is mostly suppressed but can arise to
a measurable magnitude.

Characterization and interpretation of the Edge Snake

10

#24566, MHA, toroidal Ballooning coils
B31-13

Position [rad], dB/dt [a.u.]

7

6

B31-12
B31-02

5

B31-03

4

B31-14

4.4502

time [s]

4.4513

4.4524

Figure 7. Exotic case of the Edge Snake with an n = 3, m = 18 structure with only 2
measurable current wires.

3. Discussion
The experimental characteristics of the Edge Snake are combined and possible theoretical
explanations for the drive of this instability are discussed.
3.1. Simulation of the magnetic time traces
To ascertain the concept of a poloidally localized current wire, a simulation of the magnetic
time traces was performed. The torus is assumed to be an infinite linear structure in the
toroidal direction with the actual poloidal cross section of the plasma, determined by equilibrium calculations [7]. The current distribution jpert ∝ sin(θ ∗ (θ ) · m)k · δ (r − r(q = 6)) consists
of a radial delta function with a poloidal m = 6 sinusoidal structure on the q = 6 surface. A
high exponent k is used to take into account the strong poloidal localization of the current wire
with a FWHM taken from the electron temperature measurement. The current distribution is
then corrected for the large dependence of the pitch angle on the poloidal angle θ ∗ (θ ), taking
into account the plasma equilibrium. The vessel, the passive stabilizing loop (PSL) and the
divertor including induced currents are ignored in the simulation. The poloidal current distribution and the geometrical orientations are shown in Figure 8.
With these simplifications the magnetic field can be calculated with the formula of Biot Savart.
The derivative of the calculated magnetic field for two coils is shown in Figure 9 (a) (dashed
red curve) in comparison to the experimental data (solid black curve). The conformity between the simulation and the experiment underlines the existence of a poloidally strongly
localized current wire as concluded from the localized 2D ECE measurements of the temperature change. In addition the different shapes of the Mirnov coil signals at different poloidal
positions can be reproduced very well (Figure 9 (b)). The distinction of the shapes of the
signals at different locations arises from the varying distance and orientation of the coils to
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Figure 9. (a) Simulated time traces of two Ballooning coils (dashed red curve), and (b)
4 Mirnov coils (dashed red curves) showing good accordance with the experimental data (solid
black curves) and a good reproduction of the different shapes of the signals.

the plasma. Thus the magnetic signals including their different shapes can be explained by a
poloidally very localized defect current wire.
3.2. Possible explanation as a magnetic island with a neoclassical drive
Most of the observed diagnostics show a coherent picture of the Edge Snake. It appears as a
magneto-hydro-dynamic instability, which consists of a poloidally very localized current wire
aligned with the magnetic field lines and rotates in the electron diamagnetic drift direction.
The density as well as the 1D temperature and hence the pressure profiles show a flattening
around the q = 6 surface, which points to a magnetic island with a neoclassical drive as the
nature of the Edge Snake. A current density of 0.2 MA/m2 can be calculated flowing against
the normal plasma current and annihilating a noticeable part of the unperturbed Bootstrap cur-
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rent at the location of the island. The drive and the long life time of the magnetic island can
be explained by this reduction due to the dip in the pressure gradient inside the island, which
then has the effect of a further reduced pressure gradient. By reconnection of field lines, a
self maintaining island with its own nested magnetic surfaces arises which is similar to the
neoclassical tearing mode [12] but in the high gradient zone just inside the separatrix.
Another argument for a magnetic island being the nature of the Edge Snake is the fact that
the underlying current on the high field side has to be very localized to explain the measurements observed on the Mirnov coils. A structure unlike a magnetic island, which does not
have its own nested magnetic surfaces, but ranges over an area of q values, would be dragged
poloidally apart by the radial shear as a result of the strong variation of the connection length
of magnetic lines on different magnetic surfaces. This shear stabilization is expected to be
especially pronounced in the outer region of the plasma in the steep gradient zone, where the
Edge Snake is localized. Consequently it is very likely that the Edge Snake is a magnetic
island with its own nested magnetic surfaces.
3.3. Further remarks
Owing to the lack of unambiguous experimental data because the measurements are recorded
at the temporal, spatial and operational limits of the diagnostics, it is at present not possible
to decide on the exact current distribution of the Edge Snake. Hopefully in the campaign
2011 an analysis of the Edge Snake with a 3D magnetic coil on the midplane manipulator on
ASDEX Upgrade will clarify this current distribution.
The multiple harmonics and the huge ratio of the poloidal distance to the extension demonstrate that the Edge Snake is not a typical island described in literature so far. It seems to have
a poloidally very localized current structure and a large area in between, where the equilibrium
is almost unperturbed. Additionally the 2D ECE measurements need some more investigation. Assuming a flattening of the profiles due to a magnetic island two radially adjoining
areas are expected, one hotter and more to the outside, one cooler and more to the inside.
This deviance from existing theory can be explained by a magnetic island which holds the
measured current very localized in the O-point and has a very expanded X-point resembling
the quiet phase on the diagnostics. A small tilt of the island could bend the flux surface which
would cause the seeming poloidal division of the cooler inner and hotter outer part on the 2D
ECE measurement. It is unclear, if such a configuration can survive some tens of milliseconds, but is the most plausible explanation.
A significant change of the confinement was not measured during the investigation. However in some discharges the occurrence of the Edge Snake seems to suppress other magnetohydro-dynamic activities in the plasma, which might be a sign of improved stability of the
pedestal.
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4. Comparison with similar instabilities
In this section, the Edge Snake will be compared to instabilities with similar characteristics
like the Picket Fence Mode [13], the Wash Board Mode [14], the Outer Mode [15, 16] and
the Palm Tree Mode [17] at JET and the Edge Harmonic Oscillation [18, 19] at DIII-D and
ASDEX Upgrade. All of these modes have in common that they have a fundamental toroidal
mode number n = 1 with many harmonics in the spectrum and similar magnetic, temperature
and radiation signals which show an inharmonic structure. They all have a large ratio of
poloidal distance to extension and a similar frequency range of several kHz.
4.1. Picket Fence Mode
The Picket Fence Mode also rotates in the electron diamagnetic drift direction and is radially
strongly localized near the separatrix.
However, in contrast to the Edge Snake, it occurs only in course of a different scenario, namely
an L-mode Optimized Shear discharge with an Internal Transport Barrier before the L-H transition and never afterwards. The gradients of electron temperature and density in the area
of the instability are much smaller before the transition. Therefore the neoclassical drive is
unlikely to be the same for the Edge Snake within the H-mode and the Picket Fence Mode
during L-Mode.
4.2. Wash Board Mode
Like the Edge Snake, the Wash Board Mode also rotates in the electron diamagnetic drift direction and occurs only during H-mode plasmas.
In contrast it is not strongly radially localized, but seems to extend from the edge further
to the inside, sometimes as far as to the centre. Additionally the Wash Board Mode seems
to have a strong ballooning but not a tearing mode character, which differentiates it from the
Edge Snake.
4.3. Outer Mode
Contrary to the Edge Snake the Outer Mode is located well inside the pedestal top, outside the
region of steep gradients and is a very robust mode, which even exists during a full Sawtooth
cycle. It can be identified as a current driven mode with a current parallel to the plasma
current and is likely to be a saturated external kink and not a tearing mode. It is therefore not
a candidate for the Edge Snake.
4.4. Edge Harmonic Oscillation
On one hand, the Edge Harmonic Oscillation also rotates in the electron diamagnetic drift
direction and is localized in the outermost region at a ρ pol = 0.95 - 1.0 with a radial extension
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of only 0.5 cm.
On the other hand, the Edge Harmonic Oscillation has a large enough impact on the particle transport to sustain an ELM free phase, which was not observed during the occurrence of
the Edge Snake. Additionally it seems not to be a tearing mode, but a peeling ballooning mode
driven by current and the gradients of pressure and rotation at the edge. This also excludes
the Edge Harmonic Oscillation as a candidate for the Edge Snake.
4.5. Palm Tree Mode
Similar to the Edge Snake the Palm Tree Mode occurs only during type-I ELMy H-modes and
has a small radial extent of only a few centimeters. Additionally it is a magnetic island with a
defect current.
In contrast to the Edge Snake the Palm Tree Mode is caused by ELMs and is located at
the q = 3 surface well inside the pedestal top and rotates in the ion diamagnetic drift direction. Its frequency behavior is completely different to the Edge Snake, namely it rises from
almost zero to a saturated value of about 3 kHz in contrast to the Edge Snake, which was only
observed at a constant frequency. Therefore the Edge Snake can be seen to be different to the
Palm Tree Mode.
5. Conclusion
The Edge Snake is best modeled as a magnetic island with a neoclassical drive. It originates
from a self consistent closed loop of reduction of the electron pressure gradient, which leads
to a decrease of the Bootstrap current inside the island which again leads to a reduction of the
pressure gradient. The current is poloidally very localized, which becomes manifest in very
inharmonic signals with a huge number of harmonics in the spectral range. The Edge Snake
has a fundamental toroidal mode number of n = 1, a frequency of around 2 kHz and is located
in the steep gradient zone in the outermost centimeters of the plasma inside the separatrix.
It occurs only during type I ELMy H-modes, but is not clearly related to the ELM cycle. It
only relies on the formation of the steep gradient zone during the H-mode. By simulating a
poloidally strongly localized current wire it was possible to reproduce the time traces of the
magnetic pickup coils.
However, the pattern of the electron temperature change on the 2D ECE measurement and
the exact current distribution is not entirely understood yet and requires further investigation.
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