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1. Introduction

The formation of magnetic islands in fusion machins often observed to degrade
confinement. Due to the fact that heat transporalfgd to the toroidal magnetic field is much large
than perpendicular to the magnetic field, heaixjgeeted to flow from the centre along the sepacatri
across the X-point to the plasma edge. Reduced dlokeat is expected through the magnetic island
O-point. Whether the temperature profile in theinitg of the O-point becomes flattened or not
depends on the ratio of parallel to perpendicutamdport, the island width and the power balance at
the O-point. Heat transport inside the magnetianidlis normally difficult to measure because of
shallow temperature gradients inside the island.nleasure heat transport in the flat temperature
region of islands, perturbative transport techniqoan be employed such as reported from LHD
where: a) reduced transport at the 1/1 magnetadsD-point has been observed from the propagation
of a cold pulse perturbation [1], and b) heat pplsEpagation across a rational surface has revealed
local maximal phase delay which is due to the preseof a 2/1 magnetic island [2]. In tokamaks,
perturbative transport experiments in the presesfceslands are complicated by the spontaneous
rotation of the islands with respect to the measerd frame. In the TEXTOR tokamak
(Rla=1.75m/0.47m) largewfa=0.25) statically locked m/n = 2/1 islands can lgasé created by the
application of the external perturbation field b&tDynamic Ergodic Divertor [3]. Furthermore a high
power ECRH system [4] allows the creation of |laoadi temperature perturbations which can be
measured at the island’s position with a high nagmh 2D ECE-Imaging system [5]. With these tools
a careful mapping of the heat transport aroundésteas been made.

2. Experimental Setup and Data Analysis

To study the propagation of heat from centre toeealtyoss the q=2 surface, the electron temperature
is periodically modulated at 40 or 80 Hz at thehHiigld side during an interval of 1s with a 140 H
800 kW gyrotron [4], both inside and at the g=2face. The propagation of the modulation is
measured with several ECE-diagnostics and SXR-asnépcally at the island radius at the low field
side a high resolution 2D ECE-Imaging diagnosti€fE) consisting of 16(vertical) x 8(radial)
channels covering an area of 17cm x 10cm [5], nreasthe propagation of the perturbation in detail.
The radial observation area of ECE-I is varied fighmt to shot to cover a radial region near threnisl
O-and X-points by tuning the frequency of the loostillator (BWO). The ECE-systems are cross-
calibrated with Thomson Scattering. Inside thenidlat the low field side the optical thicknass 2.5
such that the second harmonic X-mode ECE signalspesportional to the temperature. The SXR
system covers both O-and X-point at the same tirtle & cameras. By reversing both the toroidal
field and current the m/n = 2/1 island is poloigalbtated by 90 deg. which corresponds to a tofoida
plasma shift of 180 deg. as observed by both thEIEDBd SXR systems. In this way regions near
both O-and X-point can be covered by ECE-I althoimgkeparate, but very reproducible, discharges.
The phase delay with respect to the modulated sand amplitude of the oscillations are determined
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for the first harmonic of the modulation by Fastiker Transforms. The experiments are performed at
a toroidal field of 2.3 T, current 320 kA and liageraged density of 2-fan”.

3. Experimental Results

A typical example of the ECEI results of the healisp propagation studies is shown in Fig. 1. For
these experiments, the temperature was modulat&CBRH deposited with a width of 2cm at a radius
of R=1.96m at the high field side, correspondingp4#®.37, which is inside the g=2 surface, located
aroundp=0.57. For this specific case the modulation fremyeof 40 Hz is well separated from other
oscillations in the plasma (note that no sawteethpeaesent in these discharges with islands). fakad
scan near O- and X-point by changing the ECE-I nladmn area in six reproducible discharges was
performed (three for the O-point and three for Xapoint), allowing to construct the ECE signals in
the region from R=1.9-2.2mp#%[0.23-1.0]), as shown in Fig. 1. For every disggaa single radial
row of ECE-Imaging is plotted. A small discontinuifor overlapping areas measured at different
discharges results due to minor cross calibratroor® Some channels especially near the edge are
affected by suprathermal ECE radiation and areoleftof the plot. For a reference discharge without
island, data obtained from a 1D ECE-system is gikited. Plotted are the average electron
temperatures over the heat pulses, the phasedatitferwith respect to the applied heat pulse and the

amplitude of the heat pulse.
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Figure 1, Scan near O- and X-point by ECE-Imaging at 40 Hz modulation frequency compared with a
discharge without idand. A single radial row of ECE-I (circles) is plotted for each discharge. For the
reference discharge data from a 1D ECE-system has been plotted (triangles). The orange bar indicatesthe
ECRH-deposition and the green arrow the island width a.) Average Temperature during modulation, b.)
Phase delay first harmonic ¢.) Amplitude of the first harmonic d.) Schematic overview of the m/n=2/1
isand position (green), ECRH-deposition radius (orange) and the ECE-Imaging observation area (thick
bluelines) and theradius over which it isscanned in reproducible dischar ges (thin bluelines).

The first observation to make is that near the @ipthe average temperature profile becomes
flattened over a width w~11 cm. This is interpregedthe island width. Viewing the profile near the
X-point indeed does not show a significant flatioeg Note that the temperature at R< 1.98 m, te. a
the hot outside of the island, is higher at theojlall angle of the X-point than that of the O-point
This is due to the elliptical deformation of thena@tional flux surfaces by the large island [7].
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The information on heat transport becomes appamehe plot of the phase and amplitude of the heat
pulses. Turning our attention first to the phas#,pt is seen that for plasmas without tearing ewod
the phase delay (proportional to the time delagydases monotonically with the distance from the
ECRH deposition surface. As soon as islands argeelxdhis picture changes drastically: the phase
delay acquires a local maximum at the position wltke island O-point is expected from the flattened
average temperature profile. This shows that that-pelses are slowly propagating from the
separatrix towards the island centre. The gradiemihe phase delay near the X-point is almost flat
compared to that near the O-point. This featureessmts a large radial transport in this regiorarNe
the plasma edge the phase delays and amplitudbe afeasurements for both O- and X-point, nearly
coincide again but at some lower level than forréference discharge. This indicates that the dlvera
transport is enhanced due to the presence of sland

From the SXR measurements qualitatively similareotetions have been made: a local maximum in
the phase delay near the island O-point and flattgrnase-delay near the island X-point.

The width of the island can be determined from bthwidth of the phase delay peak around the O-
point crossing the nearly flat phase delay profiEar the X-point. The width w~11cm and radial
position correspond very well to that of the flattd part of the temperature profile.

The amplitude of the perturbations is smaller figcarges with islands than for the reference
discharge as the overall confinement is poorer. dimplitude acquires a local minimum near the
island O-point whereas the amplitude profile néarX-point is almost flat. This observation confirm
that the heat is mainly lost through X-point

4. Observation of 2D Heat transport near the X-point

The 2D capability of the ECE-I system has been atga for these investigations. In Fig. 2 a 2D
image of the phase delay of a tip of the islandelm the X-point is shown. The image is compoded o
three images from different radial positions ob¢dirn the same discharges as shown in Fig. 1. The
bottom row denoted by the red arrow is also shawhig. 1. In the radial direction a local maximum
in the phase delay is observed. Just beyond thémmuax a white line is plotted representing a
calculated flux surface (for the situation withdsliand). A dashed white line connecting points of
equal phase delays converges to the solid whigediose to the bottom. A complete vanishing of the
maximum as expected for the X-point is not obseiwagidmight be below the observation area. It has
to be noted that ECE-channels close to the lowdtfgtle edge (beyond the solid white line) are
affected by suprathermal ECE-radiation which pdgsitbecrease the phase delay, making the
vanishing of the maximum due to X-point indistinct.
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Figure 2, Observation of 2D heat pulse propagation near the X-point with ECE-I. The pictureis composed
of three images obtained from three discharges in which the Radial observation area was shifted (black
arrows at the bottom indicate the three constituting images). The red arrow denotes the row which is
shown in Fig. 1. The black dots denote the channels of ECE-I maging that are evaluated. Cells without dots
are interpolated. The orange line is the ECRH deposition radius determined from an equilibrium
calculation without idand. Solid white line is a calculated flux surface (without island) just beyond the
maximum in the phase delay. The dashed white line connects points with nearly equal phase.
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5. Derivation of transport coefficients
To compare the transport levels inside and outteeisland, incremental electron heat diffusion
coefficients can now be derived from the data shawrFig. 1. In general, low heat diffusion
coefficients lead to large gradients in the phaskydand amplitude profiles and conversely low
gradients arise due to large transport coefficiedts large radii a slab geometry is a valid
approximation. With negligible damping and conwvetithe following relations hold for the heat
diffusivity coefficients:x,= 3w4@* = xa = 3w4(A'/A) %, where (A/A) is the relative gradient in the
amplitude profilew the modulation frequency amgl is the gradient in the phase delay. Corrections
for geometrical effects [6] could be made, but tbe situation under investigation here (large
elongated islands and off-axis pulses) such cdomxtare only important very close to the island
centre. The gradient in the phase is determinede raocurately than the gradient in the amplitude.
This method yields a heat diffusivity inside thé&usl X~ 0.3 m/s assuming constaixt inside the
island andy taken the difference between O- and X-point dvalf the island width. Without island
the island the heat diffusivity near the q=2 susfesy,~ 2.5 n/s.

6. Conclusion
The results shown here resemble the data from LHDq{iite well: reduced transport inside the
magnetic island O-point by one order of magnitucimgared to the no-island case is observed. On the
other hand, results of power balance calculatimmedor strong ECRH inside the island at TEXTOR
[7], led to the conclusion that the heat diffughiitside the island is similar to that of the bplasma,
typically x*® = 1nf/s. The difference in both cases might be attrithitethe difference in heat flux
through the island: In the case of strong heatiisgde the island a temperature gradient buildQup.
tokamaks it has been observed that above a crilicgfadient-length the heat diffusivity increases
[8], so-called stiff profiles. It might be that tts#uation described in [7] was above this threghol
whereas the situation of low temperature gradieetscribed here is below. Follow-up experiments
with different temperature gradients inside islacogld elucidate this difference.

Further, as expected, it was observed that theepcesof the island strongly increases the radiat he
transport in the plasma and that this transpornasnly channelled through the X-point. The heat
transport along the field lines is thus dominatihg overall transport properties in these casels wit
islands.
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