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ABSTRACT

The Dynamic Ergodic Divertor (DED) has recently
been taken into operation on the TEXTOR tokamak. The
main aim in this context is the study of its divertor proper-
ties. After an introduction into the theory of ergodization,
the design of the DED is presented. The Chirikov parame-
ter describing the level of ergodization reaches a level of
up to four if the perturbation current is applied in an op-
timized way. Finally the rich physics options of the DED
are discussed.

I. INTRODUCTION

During the last two decades, considerable progress has
been made in improving the plasma confinement. The suf-
ficiently low error margin from the different devices
makes it now possible to extrapolate the confinement data
to a reactor scenario such it can be expected that the
plasma of the proposed ITER experiment will most likely
ignite. The essential ingredient for a good confinement is
the existence of magnetic flux surfaces which form - typi-
cally eccentric - onion shell like structures inside the fu-
sion devices. Magnetic field lines stay always on "their"
magnetic surface and these surfaces also form isobars.

A key element for obtaining the good plasma con-
finement quality is the poloidal divertor which allows for a
relatively easy access of the high confinement mode (H-
mode) of a tokamak. The H-mode operation is considered
the standard scenario for ITER. In the H-mode, a barrier is
formed at the plasma edge which — together with an ob-
served profile stiffness -leads to the overall improvement
of the confinement. However, the confinement in the
plasma edge tends to be so good, that new edge instabili-
ties develop, the so called Edge Localized Modes, ELMs.
The ELMs affect only the plasma pedestal and are there-
fore at a first glance not harmful with respect of the con-
finement. However, the ELMs show a sharp rise in the
characteristics of ejected energy and particle efflux and a
short duration. At present day tokamaks, ELMs are dis-
turbing but not harmful. For ITER, however, the power to
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the walls is so high that it may determine the lifetime of
the device. This is one of the reasons why ergodicity and
ergodic divertors attract recently high attention to the fu-
sion community'.

Ergodization of magnetic field lines is used in this
context in contrast to “good magnetic surfaces” where a
magnetic field line remains on one surface; ergodic mag-
netic field lines span up a whole volume. In particular,
ergodicity means that any magnetic field line comes infi-
nitely close to any point in an ergodized volume. Ergodi-
zation results from perturbations which are resonant to
specific values of the safety factor g. When using an exter-
nal perturbation, one can select whether one ergodizes
preferentially the inner surfaces or surfaces closer to the
edge. In the first case, the “woven” magnetic field lines
form an internal ergodic layer which is typically character-
ized by an enhanced radial transport of particles and en-
ergy. In the second case one generates in addition to the
ergodic field lines those which leave the plasma and inter-
sect the walls. These field lines will carry enhanced fluxes
of particles and energy to the wall and will lead to areas of
enhanced plasma-wall interaction. In this way, an open
chaotic system is formed.

The open magnetic field lines, i.e. those which inter-
sect the wall twice, form the so called laminar zone. This
zone is equivalent to the scrape-off layer (SOL) of a pol-
oidal divertor; however, in contrast to the conventional
SOL, the connection lengths of the magnetic field lines is
not uniform but consists of magnetic flux bundles with
multiples of a poloidal turn. The investigation of structure
of the laminar zone, of the ergodic zone and the conse-
quences for the transport are of particular interest™.

The topics of research on the DED in Juelich are:

- the investigation of the properties of a helical divertor,

- the analysis of the transport in the flux tubes of the
plasma edge,

- plasma shielding,

- the distribution of the average power flux to the walls,

- study of the edge electric field and modifications of the
plasma rotation,

- the reduction and mitigation of ELMs,

- enhancing of the operational limits such as density limit*,
- effects of the DED on the plasma confinement,
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- modification of the transport inside the plasma,
- the excitation of MHD-modes by the DED-field,
- areduction of excited tearing modes by the DED.

The DED has been designed such that it can operate in
different modes such as static or dynamic, in a fine pertur-
bation mode (m/n = 12/4) and in a coarse mode (m/n =
3/1). Different scenarios may optimum for one condition
and therefore this specific point can be investigated only in
one specific mode of operation.

In the following, a short introduction into the back-
ground for the ergodization is provided, followed by a
description of the proposed DED experiment, then the
magnetic field line structure is discussed and some ex-
perimental results, in particular those with the DED diver-
tor aspects will be presented; finally the dynamic option is
highlighted.

II. THE DED-ARRANGEMENT

The coil arrangement of the DED**® is shown in Fig.
1. It consists of a quadruple set of four helical conductors,
installed on the inboard side of the TEXTOR vessel and
aligned parallel to the magnetic field lines (for 3,,, = 1) at
the nearby ¢=3 surface. Taking into account the available
space, the technical constraints (such as current density,
skin effect, heat capacity, cooling aspects, etc.) and the
physics requirements, an m = 12, n = 4 perturbation field
structure has been selected. This can be achieved by using
coils which cover about 30 % of the inboard vessel surface
on the high field side and which will be energized by a
4-phase current (up to 15 kA) at selected frequencies (DC,
90 Hz, 1 kHz and a band of 1 kHz to 10 kHz). These fre-
quencies correspond to a rotation of the perturbation field
around the torus similar to the propagating field of an AC
motor; the phase velocities projected on the poloidal coor-
dinate of v = @ v/m = 65 m/s at 90 Hz, and 7225 m/s at
10 kHz respectively; for the m=3, n=1 base mode, the ve-
locity is four times higher..

Fig.1: Schematic arrangement of the perturbation coils in
TEXTOR

The coils are bundled such that the outlets are at 4 tor-
oidal locations, 4 on top of TEXTOR and 4 at the bottom.
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This grouping of the coils is technically favorable, but it
requires the installation of a pair of compensation coils
which are indicated in green color. The coils are covered
by ceramic tiles and by 2D shaped graphite tiles forming a
smooth toroidal surface, the divertor target plate.

III. THE ERGODIC STRUCTURE GENERATED BY
THE DED

The ergodic structure resulting from this perturbation
is often shown in the so-called Poincaré plot. In this plot a
characteristic plane has to be defined which for a tokamak
is a poloidal cut of the torus with the coordinates r for the
minor radius and @ for the poloidal angle. In this plane
starting points for magnetic field line tracing are selected
and marked by a dot. The field lines are traced many times
(typically several 1000 times) around the torus and every
time the location of the intersection of the field line and
reference plane is marked by a dot (puncture plot). If the
perturbation field is not applied, the puncture sequence
will remain on a flux surface - in the Poincaré plot thus
forming a closed curve.

If the starting point is on a (preferentially low) rational
g-number surface, the curve will degenerate to individual
points - e.g. at the ¢g=3 surface to three points per starting
condition. With applied perturbation field, the pattern will
be modified in a characteristic way. The big advantage of
the Poincaré representation is that the 3-D chaos problem
can be cast into a 2-D picture which is easily graphically
represented. Two Poincaré plots for the TEXTOR DED
are shown in Figs. 2 and 3. The figures are cut at the outer
equator (@=0) and unfolded; the abscissa is the poloidal
angle and the ordinate the radius. This representation has
been selected to enhance the radial resolution with respect
to the poloidal one. In Fig. 2 the perturbation current is
relatively low, 30% of the maximum allowed value. The
rectangle on the center top represents the location of the
DED coils and the object on the top left is the pump lim-
iter ALT-IL.

The Poincaré plot shows all the structures expected in
the sub-ergodic phase: At the g = 3, 3.25 and 3.5, the main
islands are formed with mode numbers m/n = 12/4, 13/4
and 14/4 (m stands for the number of poloidal knots and n
for the one of toroidal ones; the resonance condition re-
quires g=m/n). Towards the plasma core (bottom part of
the figure) the flux surfaces are nearly unchanged resulting
in well ordered puncture curves. In between the main is-
lands, intact surfaces are clearly visible. Between the ¢=3
and ¢=3.25 surfaces, smaller island chains are found; these
and sub-islands in the main islands result from second
order perturbation theory. The structures are well de-
scribed by the KAM (for Kolmogorov, Arnold and Mozer)
theory which is treated in text books .
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With increasing perturbation amplitude, the island
width increases and the islands start to overlap. In particu-
lar the region between the ¢g=3 and 3=3.25 surfaces be-
comes ergodic, i.e. field lines from any starting point reach
any other point in that area. Between the ¢=3.25 and the
q=3.5 surfaces, a barrier surface stays intact at low pertur-
bation levels preventing a "diffusion" of the field lines.
With increasing perturbation strength, also the barrier dis-
appears in the whole boundary and allows for an enhanced
field line diffusion as shown in Fig. 3.

Fig.2: Poincaré plot for a low perturbation field
(Lper/Tnax=0.3). As expected, magnetic islands develop
at low rational g-values. The ordinate represents the
radial direction (plasma side to the bottom) and the
abzissa is the poloidal angle.

Fig. 3: Poincaré plot for the perturbation current
conditionl,/I,,x=1. The whole outer plasma
boundary is ergodized

IV. HAMILTON FORMALISM FOR MAGNETIC
FIELD LINE TRACING

One important method to describe the development of
“weak” ergodization of magnetic field lines uses the Ham-
iltonian formalism. This method is applicable because dis-
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sipation does not occur (div B = 0) and the problem can be
cast into a Hamiltonian form; therefore important laws as
the conservation of the phase space can immediately be
deduced.

The Hamiltonian form for the field line tracing can be
applied if the magnetic field depends at most weakly on
one coordinate. In a Tokamak or Stellarator this is e.g. the
toroidal coordinate. For simplicity let us consider here a
magnetic field with the main component in z-direction.
The equation of motion for field line tracing is then written

0
as: @;@:&:_ﬁaz - M

= (2
ds dz B, B.0x B.,0z
By equating t=z, g=x, p=y, H=a,/B, and assuming that
the derivatives with respect to z are of the order € only the

equations of motion for the field line tracing become:”**!°
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If =0, i.e. if the problem does not depend on z, this
formalism describes a 1-dimensional motion of a particle.
The system is integrable and the path curve is not sub-
jected to any ergodization. A rather simple analogon is the
motion of a pendulum'' which has been analyzed exten-
sively with respect to the development of chaos and which
is considered prototypical: The pendulum frequency de-
pends on the amplitude of the motion; it spans a frequency
band from its maximum at small amplitudes to zero fre-
quency at the separatrix (which divides the oscillating mo-
tion (H < 0) from the free rotation (H > 0)).

For >0, the Hamilton function depends on time and
the problem has a dimension of 1.5. For the pendulum, this
corresponds to the interaction with an external force. If
this force has one Fourier component with one frequency
in the band of the unperturbed motion, a resonance close to
a specific amplitude is imposed and the motion has a
maximum disturbance there. The resonant excursion can-
not grow to infinity since otherwise the resonance condi-
tion is lost again; in the phase space, the resonance forms
an "island".

If the Fourier spectrum of the perturbation has more
than one frequency in the band of the unperturbed motion,
several resonant islands are generated. The width of the
island increases with the perturbation level; at a suffi-
ciently high amplitude they start to overlap. From then on,
the motion jumps irregularly from one island to another
and in this band it becomes chaotic or ergodic.
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The formulae of the most important quantities in the
ergodization theory are given below, namely for the island
width A4, the poloidal and toroidal mode numbers m and
n, the Chirikov parameter o, the Kolmogorov length L,
and the quasi linear diffusion coefficient Dy. A magnetic
island is generated (in first approximation) at the magnetic
surface with the safety factor ¢(7,,)=m/n by an perturba-
tion field which has a spatial Fourier component b,,, at r,,,,:

A = 16rb,,, I 6
mn = “Losh ( )
mB,

here B, is the toroidal field strength and Ly, is the shear
length
2
Ly =1 R°~1/dq (7)
r dr
The Chirikov parameter characterizes the overlap of
different islands and is a measure for the degree of er-

godicity:
2
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for 0<c<l, islands dominate the magnetic stucture
while for o>1 the magnetic field line pattern is ergodic.
The Kolmogorov length characterizes the distance from
where on initially neighboring field lines start the separate
exponentially:
_4
L, =2rqR, -0 % ©)]
The quasi linear field diffusion coefficient finally is

b\

Dy =27 qR0~[ m”J 10)
B t

particle diffusion coefficients are linked with Dy by a

multiplication of a characteristic velocity for either ions or

electrons.

V.THE LAMINAR ZONE

For the practical considerations, the plasma edge is
best characterized by laminar plots'> and Poincaré plots;
both plots are essential for the later analysis of the data in
the rather complicated 3D structured plasma edge. As al-
ready mentioned, the laminar plot is characterized by the
connection lengths of the magnetic field lines with the
walls. We typically construct a laminar plot by choosing a
poloidal cut of the plasma edge e.g. at the low field side as
shown in Fig.4. In this example the poloidal axis spans
from -30° < ® < 30° and the minor radius from 44 cm to
48 cm. From each point of this area we start magnetic field
line tracing in both directions until the magnetic field line
intersects the wall. The total connection length is then de-
coded into the figure e.g. by coloring the points. The areas
with the longest connection length are plotted dark (red)
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and the ones with a shorter connection length in lighter
colors. The longest connection length we count to the
laminar zone is 5 poloidal turns. The field lines with the
longer connection lengths stem from the ergodic zone, the
island region or even the confinement region. These areas
have to be investigated in more detail with Poincaré plots.

NMumber of
poloidal fums

fingers

48

0 -20 <10 0 10 20 30
8 ©* (deg)
Laminar plot (LFS)

Fig. 4: The laminar plot gives the connection lengths
of the magnetic field lines in color coding; the right
bar refers the colors to the lengths. The laminar zone
corresponds to the scrape-off layer of a poloidal di-
vertor, however, with more complicated connection
lengths patterns.

Because of the symmetry of the DED configuration,
we have 4 independent areas of the laminar plots which
are image-symmetric. These are those plots where field
lines have the same length to the two intersections in front
of the DED; the plasma flows connected with these flux
tubes form there a stagnation point. Two of these stagna-
tion points are at the low field side, namely for those mag-
netic flux bundles with an odd number of poloidal turns
between the intersection with the walls and two others for
those of even connection lengths. In figure 4 the area “S”
has a connection length of 3 poloidal turns and “S” repre-
sents the stagnation point of those flux tubes.

The simplest structure of the laminar zone is the one
formed by the single turn field lines which correspond to
the conventional scrape-off layer (the number of toroidal
turns is q times the poloidal number). In contrast to the
poloidal divertor case, these areas are no longer toroidally
symmetric but show strong indentations. On laminar plots
of the high field side, one can also recognize field lines
with even shorter connection length, the private flux zone.

The light (blue) area represents field lines which inter-
sect the divertor target plate after two poloidal turns. Be-
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cause the field lines move twice around the torus, they
must appear twice in the figure. For this reason, the left
and right “oval” structures have the same area and are in-
terconnected by the field lines.

The area of three poloidal turns forms the sickle-
shaped pattern “S” of figure 4. The field lines of this arca
must reappear twice and they form the trapezoid structures
next to the oval structure. Figure 5 shows the development
of the sickle-shaped magnetic flux tube along its path in
one toroidal direction. The contour line of the area is
mapped every 90° and the numbers indicate the mapping
step. The starting point is at subfigure “0” (left bottom).
The shape of the is very little modified as long as one stays
away from the DED coils (-1 .. -3). By the DED field, the
flux tube is strongly deformed and elongated reflecting the
trapezoidal figure (-4 .. -6). Outside of the DED area, the
flux tube experiences only the shearing of the equilibrium
field (-7 .. -13). Then when entering again the DED zone,
the flux tube is further deformed and deflected towards the
divertor target plate where the mapping is stopped.
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Fig. 5: Deformation of a magnetic flux tube obtained
by field line mapping; the starting point is the stagna-
tion point “0” and the end point #16 when the flux
tube intersects the wall.

The higher order flux tubes become increasingly small and
merge with the ergodic structure. However, an important
ingredient is the set of flux tubes which interconnect the
ergodic area with the walls. The flux tubes are rather thin
and are called “fingers” or “tangles”. Since these flux
tubes come from a deeper zone of the plasma, the ergodic
zone, it is expected they are effective in carrying heat and
particles towards the walls. Part of the particles and power
will diffuse thereby to neighboring field lines in the lami-
nar zone such that the deposition pattern will be smeared
out. Details of this redistribution will depend on the edge
density and temperature. For understanding of the trans-
port, several modeling codes'* of the area of both the
ergodic zone and laminar zone have been performed.
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The electrons in the plasma boundary are cooled by
ionization and radiation; with ergodization, it is lowered in
addition by the enhanced heat conductivity along the field
lines and as a consequence, the ionization and excitation
zones are broadened and shifted inward. Moreover, the
impurity release due to energy dependent processes (e.g.
sputtering) can be reduced significantly. Thus the com-
bined effects of the increased electron density and de-
creased electron temperature at the plasma boundary in
conjunction with the enhanced radial transport are respon-
sible for the beneficial effects observed on devices with
ergodic divertors''®'; from those the expected improved
radiation efficiency of the impurities and the better impu-
rity screening is an issue for TEXTOR experiments.

VI EXPERIMENTAL RESULTS

Clll radiation in front of the DED target
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Fig. 6 top: Overview of the plasma edge structure of the
DED-dominated plasma in the light of CIII emission.
Superimposed are the location of the DED coils and the
Poincaré plot of the magnetic field lines.

The bottom subfigure is rotated by 90° and it shows the
details of the “‘fingers”.

An overview over the edge structure of the DED
plasma is shown in Fig. 6. Plotted is the CIII line emission
of carbon recycling at the divertor target plate. In addition
the location of the DED coils is indicated by the dots rep-
resenting the two directions of the electrical current. Over-
laid to the picture is a Poincaré plot of the magnetic field
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lines in the edge. One sees that the light of the recycling
particles follows nicely the structure imposed by the DED-
field.

The maximum interaction is — as expected - close to
the location where the fingers touch the wall. One also
sees that the radius of the ergodization zone amounts to
10% of the minor radius. The lower sub-figure shows the
interaction zone in higher detail. The fingers are plotted
either as black or as white dots depending on the direction
of field line tracing. The lower figure is tilted by 90° with
respect to the upper one.

The slow rotation of the DED with few Hz only al-
lows the visualization of 3D structures during local meas-
urements. Because one can program only positive DED
currents in this case, the rotation angle is limited to % of
the full phase. Fig 7 shows on the left side a laminar plot at
the low field side and the right sub-figure gives the ra-
dially resolved electron pressure derived from a helium
beam signal. The laminar plot has been evaluated for the
position of the diagnostics. The yellow square in the left
figure gives the range over which the DED-field moves
during the rotation. The electron pressure variation in right
subfigure agrees well with the expectation of the field line
tracing: For the given phase of measurement the plasma
boundary at the location of the diagnostic moves to the

inner part of the plasma.
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Fig. 7: By a slow rotation of the DED-field, the 3-D struc-
ture of the plasma boundary can be shown even for a
measurement which records data along a radial line as
shown here for the atomic helium beam diagnostic. The
left subfigure gives a laminar plot while the right one is
the actual measurement for the yellow square.

Another diagnostic technique is ECE imaging which
provides a 2D picture of the electron temperature. Shown
in Fig. 8 is again a laminar plot and the temperature distri-
bution for the area of the yellow rectangle. One sees that
the area of the fingers is hotter than that area which is
strongly connected with the plasma wall. Again the tem-
perature field agrees well with the expectations, even
though the measurements are performed at the low field
side, far away from the DED; the properties of the plasma
in the magnetic flux tubes are strongly determined by the
parallel transport.
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ECE Imaging:
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Fig. 8: ECE imaging provides directly a 2-D image of the
electron temperature in the laminar zone as shown in the
right subfigure. The left subfigure gives again the corre-
sponding laminar plot similar as in the previous figure.

The heat flux pattern at the divertor target plate is
dominated by the deflection of the magnetic field lines in
front of the DED coils'®. On therefore obtains a helical
pattern as shown in Fig. 9; again a good agreement is
found between the predicted laminar and footprint plots
and the measured ones. The DED resembles a poloidal
divertor system with 4 X-points; therefore, one expects 8
strike points in front of the DED coils. At low DED cur-
rent, the pairs of the strike zone merge together such that
one sees only four strike lines. With increasing current the
strike zones split more and more similar to the splitting of
the strike zones in a poloidal divertor. The similarity be-
tween poloidal and helical divertor are very high which
even yields for the existence of a private flux zone.

Langmuir Probes

IR Camera: target temperature [°C]

poloidal direction

o . a0 165 210
toroidal angle [deg) toroidal angle [deg]

Figure 9: The top of the subfigure shows the power
deposition pattern on the divertor target plates during
DED operation while the left subfigure shows the re-
sult of a 3D plasma transport modeling for the same
condition. The arrows in the right subfigure indicate
the direction of the incoming flow.

The DED tile alignment shows some imperfections.
These imperfections can be utilized to show that the heat
flux of neighboring strike zones arrives from opposite di-
rection. The power flux heats either sharply the protruding
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edges of the tiles or — if arriving from the opposite direc-
tion — the whole tiles. The arrows show the power flow
direction.

Figure 9 shows also the location of Langmuir
probes'®. These probes are utilized to measure the local
particle flux, electron temperature and plasma potential in
front of the divertor target plate which are displayed in
Fig. 10. For the measurements, seven probes are used
which are indicated by different colors; in addition, the
DED field is swept slowly such that one obtains a nice
overlap of the data. In addition to the experimental data,
the connection lengths of the magnetic field lines (in units
of poloidal turns, right scale) are plotted. The data cover a
toroidal angle of 90° which corresponds to one pair of di-
vertor strike lines.
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Figure 10: The subfigures shows the particle flux, the
electron density and the plasma potential measured by
7 Langmuir probes as a function of the toroidal angle.
In addition, the connection length of the magnetic
field lines is displayed.

One finds a good correlation between the particle and
power fluxes and the structure of the fingers. However, in
agreement with our earlier modeling, the particles are not
restricted to the location of the fingers, which connect the
ergodic zone with the target plate; particles diffuse beyond
this layer and fill the laminar zone. Also in agreement with
the expectations is the asymmetry of the pair of divertor
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strike lines. In contrast to the poloidal divertor, the toroidal
symmetry is lost and the details of the fingers reaching
from the ergodic zone to the divertor are highly compli-
cated.

VII THE DYNAMIC ASPECT

Unfortunately, because of the limited space we can
give here only a very limited overview about results ob-
tained by the DED. In particular we have only discussed
divertor properties of the helical divertor in the m/n = 12/4
base mode. We have neglected the other mode of opera-
tion, the m/n = 3/1 base mode; even though some divertor
properties are clearer in this configuration, one faces the
problem that internal tearing modes are easily excited
which make some interpretations more difficult. Another
important aspect not touched up to now is the dynamic
feature of the DED. Even though this is a characteristic
element of the Dynamic Ergodic Divertor we can only
make a few remarks here. The motivation for applying
different frequency ranges is:

- The application of a low frequency - 50 Hz (v, = 12
m/s) proposed for technical convenience - is aimed at
spreading the heat load evenly either over the protection
tiles of the helical divertor located at the high field side or
over the pump limiter located at the low field side. Shifting
the plasma position and/or changing the plasma aperture
allows the control of the relative distribution of the total
heat and particle flux between these two main plasma fac-
ing components. This puts the proposed DED program in a
unique position to answer a number of critical questions
which address the physics of mixed ergodic-island layers
and how they can be used as an adaptive interface between
hot, well-confined plasmas and plasma facing components.

- In contrast to the 50 Hz case, the medium frequency
of 1 kHz (v,, = 240 m/s) opens experimental access to the
interesting question of whether a rotation of the perturba-
tion pattern which is faster than the transit time of recy-
cling particles - penetrating the boundary layer - will affect
particle transport and in consequence also the recycling
process and the screening efficiency.

- Last but not least, by applying the upper frequency
band of 1 kHz to 10 kHz - the velocity of the perturbation
is then of the same order as the natural diamagnetic drift
velocity of the plasma - one can investigate whether the
rotating field will induce an angular momentum in the
plasma and whether the resulting torque® will affect con-
finement and stability properties.

The experimental results show differences as com-
pared to the initial ideas of the plasma acceleration. It turns
out that the torque transfer is not the dominant feature for
the plasma acceleration: The DED-field accelerates always
the plasma in co-direction of the plasma current, inde-
pendent whether DC or AC field are applied on the DED
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coils and independent whether the plasma has a large ini-
tial velocity or not. The acquired toroidal plasma velocity
(difference of velocity relative to the initial velocity) is
shown in Fig. 11 for different DED conditions. The veloc-
ity gain can be described by a third power parabola as a
function of the DED current. The present interpretation of
the plasma acceleration is the formation of an edge electric
field due to the open field lines where electrons have a
higher mobility than ions. The direction of imposed rota-
tion and the observed magnitude of rotation agree with this

—— #94954
12 -+ — #94943 | - - -

—— #94952
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Figure 11: Gain of incremental toroidal plasma rota-
tion as a function of the applied DED current.

picture.

VIII OUTLOOK

The technical solution for the DED on TEXTOR has
been chosen to provide a wide range of experimental pos-
sibilities with a limited investment, the aim being the ex-
ploration of the potential and the limits of the DED as a
means to influence and control plasma-wall interaction.
The benefit of the intended studies is seen in the improve-
ment of the understanding of edge transport, island forma-
tion, effects of ergodicity etc. which may lead to the incor-
poration of some features of the TEXTOR DED into other
exhaust concepts and may also stimulate the search for
novel concepts and technical solutions which would have
potential for development towards ultimate application on
a burning fusion plasma. Such a very recent development
is the suppression of ELMs in an H-mode plasma.
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