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Core magnetic islands and plasma confinement in the H-1NF heliacSanthosh T. A. Kumar,a� Boyd D. Blackwell, John Howard, and Jeffrey H. Harrisb�
 Plasma Research Laboratory, Research School of Physical Sciences and Engineering,The Australian National University, Canberra, ACT 0200, Australia
 �Received 15 March 2010; accepted 13 July 2010; published online 13 August 2010�
 Plasma confinement in the vicinity of vacuum magnetic islands near the magnetic axis in the H-1NFheliac �S. M. Hamberger et al., Fusion Technol. 17, 123 �1990�� has been experimentally studied ina low temperature argon plasma. Experimental results indicate that, under favorable conditions,these low order �m=2� islands near the core of the plasma serve as “pockets” of higher electrondensity. This results in significant profile modifications including enhancement of the core radialelectric field to a large positive value, possibly through an electron-root ambipolar condition. Thecharacteristics of islands are found to be dependent on the plasma collisionality and island width.© 2010 American Institute of Physics. �doi:10.1063/1.3474946�
 I. INTRODUCTION
 Rational magnetic flux surfaces in toroidal plasma con-finement devices can break the magnetic field lines and re-connect them in the form of magnetic islands. Formation ofthese magnetic islands can have a serious impact on theplasma confinement properties of the device, depending onboth plasma and island parameters. Islands generally degradeplasma confinement by mixing up different regions ofplasma. However, there is experimental evidence that islandscan improve the confinement under favorable conditions. Forexample, the role of edge islands in the formation of edgethermal transport barriers and transition to improved confine-ment regime �H-mode� in the Large Helical Device1 �LHD�has been experimentally confirmed.2 Rational surfaces andmagnetic islands near the core of the plasma are thought tobe responsible for the generation of, and lowering the thresh-old conditions for generating, the “core electron-root con-finement” �CERC� in helical devices.3,4
 Islands in plasma configurations have been inferred fromthe “flattening” of the radial profiles of the plasma tempera-ture or density �for example, see Refs. 5 and 6�. In LHD, ithas been observed that there is a minimum size of the island,below which profile flattening does not occur.7 This was in-terpreted in terms of the balance between cross-field and par-allel transport. Flattening of the radial profile may be attrib-uted to the poor confinement inside the island or to the poorresolution of diagnostics. However, in a separate experimenton LHD, it has been observed that the heat transport insidean island is much reduced,8 which indicates that the profileflattening does not necessarily imply deterioration of theconfinement within the island. Further, a local density peakinside magnetic islands has been observed in some tokamakdischarges.9,10 The parametric conditions required for ob-serving any of these island signatures remain unclear.
 A simple hypothesis is in terms of the relation betweenthe island width, gyroradius of the particles, collision scale
 lengths, and the “half connection length” �the toroidal dis-tance from one end of the island to the other� of the island.The �P=0 condition on a flux surface, where P is theplasma pressure, in principle requires the parameters to bethe same on both sides of an island, if collisionality condi-tions are satisfied: If the collision mean free path is muchless than the half connection length of the island, the prob-ability of observing same plasma conditions on both sides ofthe island is less. Also, if the gyroradius of particles is morethan the half width of the island �� /2�, particles do not “feel”the island: the kinetic effects may “smooth out” any profilemodification that would occur otherwise. A more completepicture should include drifts and trapped particle effects.
 This paper reports some experimental results on plasmaconfinement in the vicinity of the core vacuum magneticislands in the H-1NF. Islands are observed to behave as im-proved confinement regions with a density peak near theisland O-point, under favorable conditions. �Our claim ofimproved confinement inside the island is based on only thelocal density gradients. A proper quantification of confine-ment improvement, in terms of the particle or thermal diffu-sivities, is beyond the scope of this paper.� Possible mecha-nisms are discussed, including the electron-root ambipolarconditions which have previously been observed only in veryhigh temperature plasmas.
 II. EXPERIMENTAL SETUP
 Experiments were conducted on the H-1NF heliac,which is a medium sized helical axis stellarator11 with majorradius of �1 m and average plasma minor radius of�0.2 m. The coil system of H-1NF allows the configurationto be varied across a broad range, 0.6����2.0, where��=n /m is the rotational transform and n and m are the toroi-dal and poloidal winding numbers, respectively, by changingcoil current ratios. This allows systematic control of the pres-ence and position of the major rational surfaces and islandsin the main confinement volume.12 Vacuum mapping of fluxsurfaces and islands has been carried out recently using elec-tron beam wire tomography13 and an accurate computermodel for H-1NF magnetic geometry has been developed.14
 a�Present address: Department of Physics, University of Wisconsin-Madison,USA. Electronic mail: [email protected].
 b�Present address: Oak Ridge National Laboratory, Oak Ridge, Tennessee,USA.
 PHYSICS OF PLASMAS 17, 082503 �2010�
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Low order m=2 ���=3 /2� islands inherent to the helical con-figuration of the H-1NF provide an excellent opportunity forisland studies. These islands are relatively easily observed invacuum configurations and the size of the island and theirposition in minor radius can be varied in a controlled fash-ion. Three magnetic configurations �shown in Fig. 1� havemainly been used for experiments reported in this paper.
 • Case I: ����1.35–1.38� This configuration has well-nested�unperturbed� magnetic flux surfaces as shown in Fig. 1.Profiles obtained from this configuration are used for com-parison with that of the island configurations.
 • Case II: ����1.44–1.50� This configuration exhibitsvacuum magnetic islands with width ��0.4� ��40 mm�,where �=r /a, the radial distance from the magnetic axisnormalized to the radial location of the last closed fluxsurface �r=a� as shown in Fig. 1.
 • Case III: For this configuration, the vacuum islands���=3 /2� cover most of the plasma region with width��0.8�, results in a �toroidally connected� “doubletlike”configuration.
 Experiments have been conducted in a low magneticfield ��0.1 T at the axis� argon plasma, produced by radiofrequency �rf� helicon waves of power of �60 kW for adischarge duration of 40–60 ms. Typical chamber fill pres-sure for the discharges is 3.0�10−5 Torr, although this isvaried where noted. A radially movable Langmuir probe �tiplength of �1.4 mm and diameter of �0.5 mm� has beenused to obtain local plasma parameters. The probe positionhas been calibrated using an electron beam in vacuum. Amore accurate determination of the magnetic axis is obtainedlater on from the symmetry point of the density profile of aconfiguration without islands. The low electron temperature��10 eV� of these low magnetic field argon plasmas allowsthe use of Langmuir probes. Argon plasmas in H-1NF arehighly reproducible and less affected by the insertion ofprobes.15 The swept probe is biased with a sine wave offrequency of 30 kHz and bias voltage up to �150 V. Plasmaparameters �ne ,Te ,� f� are thus temporally �t�16 s� andspatially �r=5 mm� resolved. Plasma potential ��p� is cal-culated from the floating potential �� f� using the relation�p�� f +4.7Te.
 16 Electric field is calculated �Er=−��p�from the fitted curve of �p. Radial profiles are averaged overtwo sets of measurements and the error bars in density andplasma potential are not bigger than the size of the symbolsshown in the figures. A reference Langmuir probe has beenpositioned near the edge of the plasma �last closed flux sur-face� to monitor any perturbation in the plasma parametersdue to the insertion of the probe.
 A coherent imaging camera17 has been used to obtain thespectral light intensity from plasma radiation. The spectrallight intensity �I� of the plasma radiation from singly chargedion has a simple functional dependency on the plasma den-sity �ne� and the electron temperature �Te�,
 18
 I � ne2��Te� , �1�
 where � is the distribution averaged rate coefficient for col-lisional excitation from the ground state. Evidently, the elec-tron density has a strong effect on the spectral light intensity.Assuming that the temperature does not vary much during adischarge �for example, see Fig. 4�, the spectral intensity cangive a direct indication of the plasma density. It has to benoted that spectroscopic measurements are line of sight av-eraged, unlike the Langmuir probe measurements which arelocalized. The camera was used to estimate the bulk rotationvelocity from Doppler shift of the Ar II line at
 Z(m
 )Z
 (m)
 Z(m
 )Case I
 Case III
 Case II
 δ
 δ
 ρ=0(magnetic axis)
 ρ=1(LCFS)
 X−point
 O−point
 O−point
 X−point
 Separatrix
 FIG. 1. Computed flux surfaces of the three configurations used for study. �is the width of the vacuum magnetic island. The islands �Case II and III� aretoroidally connected.
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=488 nm,17–19 and with the coherence feature disabled, tomeasure the light intensity. The lines of sight �viewingchords� for this 16 channel camera, calibrated using an elec-tron beam, are illustrated in Fig. 2.
 III. EXPERIMENTAL RESULTS
 Radial profiles of plasma parameters for the three con-figurations are shown in Figs. 3–5, respectively. Major ex-perimental observations can be summarized as follows.
 • Case I: The electron temperature has a “flat” profile �Te
 �8 eV� for most of the plasma minor radius with an in-crease at the edge. This is the typical behavior of Te for therf argon discharges of H-1NF.20 A plasma density of�1.5�1018 /m3 has been obtained near the core with acentrally flat profile that decreases monotonically towardthe edge. The plasma potential is almost flat near the coreand increases toward the edge. The radial electric fieldcalculated from the plasma potential is in the range from 0to �4 kV/m.
 • Case II: Magnetic islands manifest in the form of densitypeaking close to the island O-point �Fig. 4�, throughout thedischarge, even though there is a decrease in density glo-bally �which is somewhat expected, as the plasma confine-ment in H-1NF is highly sensitive to the presence of ratio-nal surfaces/islands21�. The electron temperature is flat�Te�10 eV� at the core and increases toward the edge.The plasma potential has a dip near the island O-point. Theresultant electric field becomes positive �Er�2–4 kV/m�near the core with a large electric field shear��300 kV /m2� inside the island with a shear layer thick-ness of �� /2, where � is the full width of the island. The
 Er has a minimum point inside the island which coincideswith the island O-point. The dip in the Er at ��0.8–0.9corresponds to the density gradient. A similar behavior isobserved when the neutral density �chamber fill pressure�
 R (m)
 Z(m
 )
 Upper island lobe
 Lower island lobe
 FIG. 2. �Color online� Viewing chord positions for the 16 channel imagingcamera, overlayed on the flux surfaces from the configuration exhibitingm=2 vacuum magnetic islands �Case II�. Channel numbers �0–15� areshown.
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 FIG. 3. Radial profiles of plasma density �ne�, electron temperature �Te�,plasma potential ��p�, and radial electric field �Er� for the no-island con-figuration �Case I� at �20 ms into the discharge.
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 FIG. 4. �Color online� Radial profiles of plasma density �ne�, electron tem-perature �Te�, plasma potential ��p�, and electric field �−��p� for the islandconfiguration �Case II� at �10 ms �+�, �20 ms � ��, and �30 ms ��� intothe discharge. � is the width of the vacuum magnetic island. �Note that theradial coordinate axis is extended to negative values to explore symmetries.The electric field is plotted as if the coordinates were Cartesian, and there-fore would be expected to have odd symmetry about �=0. The asymmetryabout �=0 is discussed in Sec. IV.�
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is halved. However, when neutral pressure is doubled,these potential, density, and electric field structures disap-pear as shown in Fig. 6.
 • Case III: For this doublet configuration, the plasma con-finement is poor, as indicated by the low plasma density�Fig. 5�. Nearly 50% decrease in the plasma density hasbeen observed. The density profile in this case does notpeak at the island O-point, as observed in Case II, butexhibits two inflections ��=0.4,0.85� with a peak near themagnetic axis. The Te increases toward the edge with acore value of Te�11 eV and edge Te�13 eV. The
 plasma potential is �10 V near the core, and increasestoward the edge of the plasma to just past the islandO-point, and remains rather flat after that. The resultant Er
 has a minimum point ��−1.5 kV /m� which coincideswith the island O-point and has a symmetry around theO-point �Fig. 5�.
 The spectral light intensity contours obtained by the co-herent imaging camera, for the configuration exhibitingvacuum islands �Case II�, are shown in Fig. 7. The densitypeak inside the island, throughout the discharge, is apparentfrom the Fig. 7. It can also be noted that one of the two m=2 island lobes is much brighter than the other, which willbe discussed in Sec. IV.
 IV. DISCUSSION
 The typical plasma parameters for the discharges men-tioned above �except the high neutral pressure discharges�are listed in Table I. It can be seen that, for the experimentalconditions, �ci��ei��ce, where �ci, �ei, and �ce are the iongyrofrequency, electron-ion collision frequency, and electrongyrofrequency, respectively. Electrons are therefore highlymagnetized and ions are nearly magnetized. Also, for CaseII, �e�� /2��i, where �e, �i, and � are the electron and iongyroradii and the island width, respectively. Therefore, iondynamics is not much affected by the presence of island �as�i�� /2, ions do not feel the presence of these islands�.
 The radial electric field can be calculated from the radialforce balance equation,25
 Er =�Pi
 niZie− �v�B� − v�B�� , �2�
 where B� and B� are the toroidal and poloidal magneticfields, v�, v� are toroidal and poloidal plasma rotation ve-locities, and Zie, ni, and Pi are ion charge, density, and ionpressure, respectively. In the absence of plasma rotation, theradial electric field can be approximated to the ion pressuregradient term, �Pi /niZie. Figure 8 compares the Er profilecalculated from the pressure gradient ��Pi /niZie� to the Er
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 FIG. 5. �Color online� Radial profiles of plasma density �ne�, electron tem-perature �Te�, plasma potential ��p�, and electric field �−��p� for the dou-blet configuration �Case III� at �10 ms �+�, �20 ms � ��, and �30 ms ���into the discharge. � is the width of the vacuum magnetic island.
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 FIG. 6. �Color online� Radial profiles of plasma density and plasma poten-tial for the island configuration �Case II� at three different neutral pressures.�+: Normal neutral pressure; �: double neutral pressure; �: half neutralpressure.�
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 FIG. 7. �Color online� The spectral light intensity �normalized to the maxi-mum brightness� for a configuration exhibiting vacuum islands �Case II�,showing the lower island lobe is brighter throughout the discharge. � is theapproximate width of one of the vacuum island lobes �the lower island lobein Fig. 2�. Plotted on the right side is the normalized brightness �arbitraryunits� at �20 ms into the discharge, and the O-points are shown. �See Fig.2 for viewing chords.�
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obtained from the Langmuir probe, for Case II. It can beshown that the dip in Er observed at ��0.8–0.9 for Case IIcan be explained in terms of the pressure gradient, when aradially flat ion temperature of 60 eV is assumed. �We do nothave measurements of ion temperature for this experiment,but ion temperature measured previously for similar dis-charges is �30–80 eV.20 Doppler measurements undersimilar conditions18,19 indicate a two component ion distribu-tion with a smaller cold component ��20%, �10 eV� and amajority ion temperature of �30 eV near the core and
 �60 eV near the edge.� However, the discrepancy betweenEr calculated as above and measurement and the sharp gra-dient near the core in Case II suggest that rotation is notnegligible, in comparison to �P. We posit that an E�Bshear flow is set up inside the island, the sign of which re-verses �in the coordinate system shown in Fig. 8� across thecenter of the island as the sign of the electric field reverses.This observation is in line with the previous observation ofvortexlike plasma flow inside an island in LHD,26 althoughthe plasma parameters are quite different. It is not surprisingthat the line averaged rotation velocity obtained from theDoppler imaging camera �v��1000–2000 m /s� is muchlower than the expected E�B velocity �in the range of−2�104 to 4�104 m /s�. The camera may not resolve thecontribution of the island to the line of sight because of theaveraging nature of the line integral and some averaging overthe viewing volume. The bulk poloidal velocity contributionto Er may explain some of the offset in Fig. 8 away from theaxis �0.4���0.7�.
 We consider two ways in which the radial electric fieldcan be modified due to the presence of islands. �a� The flowsassociated with the ambipolar condition �i=�e, where �i and�e are radial fluxes of ions and electrons, respectively, issignificantly modified in the vicinity of magnetic islands. Asthe island radially connects different regions of the plasma,parallel transport in the vicinity of the island �especially nearthe separatrix� eventually results in radial flux. For thevacuum island configuration �Case II�, the island X-point isclose to the position of the magnetic axis in the absence ofthe 3/2 perturbation. As the ion gyroradius ��i� is more thanthe half width of the island, the ion dynamics �and therefore,�i� are likely to be less affected by the presence of island.Therefore, an enhanced preferential flux of electrons is ex-pected from the core of the plasma due to the rapid electrontransport along the magnetic field lines near the islandboundary, especially from within one �e of the island sepa-ratrix. Plasma could thus set up a positive radial electric fieldso that the electron and ion flux are balanced. However, ithas to be noted that due to the high collisionality in ourexperimental conditions and the extremely long half-connection length near the X-point region ��10–50 toroidaltransits�, electrons from the X-point are very unlikely toreach the other side of the island before making a collision.Even though this effect is expected to play an important roleonly at lower neutral pressures or long mean-free-path re-gimes, a preferential loss of electrons from the X-point re-gion is still expected to create a charge separation in ourexperimental conditions. Our field line trace based on themost realistic model of error fields does not show any sig-nificant ergodic region in the vicinity of the separatrix, whichunder different circumstances might have provided anotherpath for the rapid electron loss from the X-point region. Asthe X-point is very sensitive to perturbations �drift effects,electric field effects, etc.�, there may be some other mecha-nisms which can take electrons out of this region. �b� Theflux surfaces inside the island are still well-nested. Therefore,these islands would behave as regions of good electron con-finement leading to the development of a potential well in-side the island. This modifies the radial electric field. In our
 TABLE I. Typical plasma parameters for the usual neutral pressure dis-charge.
 Electron temperature 10 eV
 Ion temperaturea �30–80 eV
 Neutral �fill� densityb �nn� �0.81�1018 /m3
 Plasma density �1�1018 /m3
 Electron thermal velocity �Vthe� 1.3�106 m /s
 Ion acoustic velocity �Cs� 1�104 m /s
 Electron gyro radius ��e� 0.075 mm
 Ion gyro radius ��i� �35–55 mm
 Electron gyro frequency ��ce� 1.7�1010 rad /s
 Ion gyro frequency ��ci� 2.5�105 rad /s
 Electron-ion collision frequency ��ei� 9.2�105 /s
 Electron-neutral collision frequency ��en� c 1.6�105 /s
 Collision mean free path � ei� �2.5 m
 Collision mean free path � en� �8.2 m
 aFrom previous measurements on similar discharges �Ref. 20�. Ti=30 eV istaken for most of the calculations, unless otherwise mentioned.bThe background neutral density is expected to drop by �1% by virtue ofplasma pumping �Ref. 22�. The central neutral density �in plasma� depletesto �30% of the background neutral density �Refs. 19 and 23�.c�en=nn�Vthe, where � is the momentum transfer collision cross-section.�=1.5�10−15 cm2 for 10 eV electrons �Ref. 24�.
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 FIG. 8. The radial electric field for the island configuration �Case II�, cal-culated from the pressure gradient using a radially flat ion temperature of 60eV �b� and 30 eV �c�, over plotted on the measured Er �a�. The nonzero Er
 on axis is due to the asymmetry of the potential profile. In an ideal situationwhere both island lobes are equally populated, Er would vanish on axis,maintaining positive value between island O-point and magnetic axis.
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experimental conditions, the radial profiles are modified to alarge extent by the good electron confinement inside the is-land and to some extent by the “leaky” X-point. It alsoshould be noted that because the primary diagnostic is iondensity �electron density� from a Langmuir probe, our mea-surements apply directly only to particle confinement.
 Positive radial electric field due to the presence of mag-netic islands has been observed elsewhere also. For example,in LHD, a nonflat space potential and positive radial electricfield are observed when the low order �n /m=1 /1� externallyimposed magnetic islands become large enough.26,27 Positiveradial electric field due to magnetic islands has also beenobserved in tokamaks.28 It has also been theoretically pre-dicted that in the vicinity of a magnetic island in a tokamak,the radial electric field can bifurcate to a large value.29
 When the neutral density is doubled �from the usualvalue of �0.81�1018 /m3� for Case II, the electron neutralcollision frequency �momentum transfer� doubles ��en
 �3.2�105 /s�. There are two effects due to this.30
 �a� The perpendicular collisional �classical� diffusion in-creases as the diffusion coefficient D���. This resultsin degradation of the electron confinement within theisland.
 �b� The parallel transport of electrons along the magneticfield lines near the separatrix �which is essentially the�e because of the radial connection of the island� ismuch reduced due to the increased collisions with neu-trals, as the parallel diffusion coefficient D� �1 /�.
 As a result, the structures in the density, potential, andelectric field disappear. This is well supported by our experi-mental observations �see Fig. 6�. When the neutral density ishalved, the potential and density structures are still present�although the global values are different�, as shown in Fig. 6.This indicates that island signatures depend on collisionality.However, our simple hypothesis in terms of collision scalelengths and the half connection length of the island may notbe valid, as explained later in this section.
 When the half width of the island becomes much largerthan the ion gyroradius as in Case III, ��e ,�i�� /2�, there isno preferential diffusion due to the presence of island. Thesituation is not very different from the no-island case as faras the transport process is concerned. This is in good agree-ment with the experimental observations of much reduced Er
 in Case III. A decrease in plasma density by a factor of �2 isobserved in Case III, even though the plasma volume in thisconfiguration is not different from other cases. This may in-dicate that the rf ionization process is affected by the pres-ence of islands in vacuum configuration.
 As mentioned before, it has been observed, both fromthe Langmuir probe results and from the spectroscopy, thatthe radial profiles for the island configurations �Case II� arenot symmetric about the magnetic axis �for example, see Fig.7 where only one lobe of the island is “bright”�. Even thoughthe two m=2 island lobes are toroidally connected, one ofthe island lobes is relatively dense. �It can be shown, bytracing the field line, that Figs. 4 and 7 agree as to whichisland lobe is stronger.� Although not well understood, asimilar imbalance was observed in previous experiments in a
 related magnetic configuration.31,32 The asymmetry ofH-1NF rf discharges is much discussed in the past. For ex-ample, it has been reported that the argon light intensity anddensity profiles often violate flux symmetry on H-1NFdischarges.18 This asymmetry was attributed to be driven bythe helicon wave heating mechanism which is known to pro-duce asymmetric discharges due to capacitive coupling of theinput power.33
 By tracing the field line back to the rf antenna port, itcan be shown that the two island lobes are approximately atequal distance from the rf antenna. Due to subtle effects �forexample, at the initial phase of the discharge, the power cou-pling from the antenna is mainly capacitive, which is knownto be asymmetric; a slight misalignment of the antenna maymake one of the island lobes closer to the antenna whichcould exacerbated the issue�, an imbalance in the plasmadensity may be occurring at the initial phase of the discharge.As the flux surfaces inside the magnetic islands are well-nested, plasma confinement inside the island is good. As boththe dielectric constant and collision rate increase with elec-tron density, for wave heating, ionization may be more effec-tive in the regions of higher density �at the O-point of thestronger island lobe�, reinforcing any imbalance at the initialstages of the discharge and leading to much higher density inone island lobe. As the electron-neutral collision mean-free-path is less than or comparable to one toroidal transit underour experimental conditions, this imbalance is unlikely to becorrected by toroidal connection. Further, if the ionization ismore effective at the O-point, the density profile inside theisland is expected to be symmetric around the island O-point�see Fig. 4�, even though the collisionality conditions for�P=0 on a flux surface are not satisfied: both the electron-ion and electron-neutral collision mean-free-paths � ei and en� are less than or comparable to one toroidal transit, andtherefore, much less than the half connection length of theisland �10–12 toroidal transits, which is about 70–90 m�.Cross-field diffusion with a source peaked at the O-pointdetermines the density profile inside the island.
 A positive radial electric field near the core of the plasmaand associated enhancement of plasma confinement in heli-cal devices have recently been classified as CERC.4 How-ever, this has been observed only in high temperature elec-tron cyclotron heated �ECH� plasmas which satisfy somethreshold conditions �conditions on ECH power per particle�.Rational surfaces and magnetic islands near the core of theplasma are thought to be responsible for the generation of,and lowering the threshold conditions for generating, CERCin helical devices.3,4,34 Our experimental results may indicatethat core magnetic islands could help in achieving the CERCequivalent scenario in low temperature rf plasmas as well.
 V. CONCLUSION
 This paper presents a detailed experimental study ofplasma confinement in the vicinity of the core “natural” m=2 vacuum magnetic islands in the H-1NF heliac. Our re-sults show that these islands behave as localized regions ofhigher electron density, under favorable conditions. A modelhas been put forward to explain the radial profile modifica-
 082503-6 Kumar et al. Phys. Plasmas 17, 082503 �2010�
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tion by the island, especially the radial electric field: whenthe ion gyroradius is larger than or comparable to the halfwidth of the island, the ion dynamics are less affected by thepresence of island, but the electron dynamics are signifi-cantly modified. Nested flux surfaces inside the island lead toa good electron confinement which creates a potential wellinside the island. Electrons near the core of the plasma �nearthe island X-point� are expected to undergo a rapid radialtransport moderated by collisions, along the magnetic fieldlines near the island boundary, especially within one �e of theisland separatrix. This enhanced preferential electron fluxfrom the core leads to the development of an ambipolar ra-dial electric field, which is positive near the core. This simplemodel is supported by our experimental evidence of muchreduced radial electric field structure in the vicinity of theislands when the island width or the neutral collisions areincreased. The tendency of the plasma profiles to follow fluxsurfaces, including within islands, is a somewhat surprisingin view of the short mean-free-path relative to the circumfer-ence.
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