HTML AESTRACT * LINKEES

PHYSICS OF PLASMAS VOLUME 11, NUMBER 5 MAY 2004

Characteristics of transport in electron internal transport barriers
and in the vicinity of rational surfaces in the Large Helical Device 2)

K. Ida,*® S. Inagaki,* T. Shimozuma,* N. Tamura,* H. Funaba,® K. Narihara,* S. Kubo,*
S. Murakami,? A. Wakasa,®> M. Yokoyama, Y. Takeiri,* K. Y. Watanabe,! K. Tanaka,*

M. Yoshinuma,! Y. Liang,* N. Ohyabu,* T. Akig/ama,l N. Ashikawa,® M. Emoto,! T. Fuijita,®
T. Fukuda,® P. Goncharov,” M. Goto,* H. Idei,® K. Ikeda,! A. Isayama,® M. Isobe,*

0. Kaneko,! K. Kawahata,* H. Kawazome,® T. Kobuchi,® A. Komori,! R. Kumazawa,!
S. Masuzaki,! T. Minami,* J. Miyazawa,! T. Morisaki,® S. Morita,* S. Muto,* T. Mutoh,*
Y. Nagayama,® Y. Nakamura,! H. Nakanishi,® Y. Narushima,® K. Nishimura,!

N. Noda,! T. Notake,'® H. Nozato,!! S. Ohdachi,® Y. Oka,! S. Okajima,'? M. Osakabe,!
T. Ozaki,! B. J. Peterson,* A. Sagara,® T. Saida,*® K. Saito,’° S. Sakakibara,!

R. Sakamoto,! Y. Sakamoto,®> M. Sasao,*® K. Sato,* M. Sato,! T. Seki,! M. Shoji,!

H. Suzuki,'? N. Takeuchi,’® K. Toi,* T. Tokuzawa,* Y. Torii,'° K. Tsumori,! T. Watari,

H. Yamada,® I. Yamada,* S. Yamamoto,'° T. Yamamoto,*° Y. Yoshimura,® K. Itoh,*

K. Matsuoka,* K. Ohkubo,* S. Sudo,! T. Uda,* K. Yamazaki,® and O. Motojima®
!National Institute for Fusion Sciences, Toki, Gifu 509-5292, Japan

2Department of Nuclear Engineering, Kyoto University, Kyoto 606-8501, Japan

3Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan

“Institute fur Plasmaphysik Forschungszentrum, Julich GmbH 52425, Julich, Germany

SJapan Atomic Energy Research Institute, Naka, 311-0193, Japan

S5Graduate School of Engineering, Osaka University, Suita, Osaka 565-0871, Japan

"Department of Fusion Science, School of Mathematical and Physical Science, Graduate University
for Advanced Studies, Hayama, 240-0193, Japan

8Research Institute for Applied Mechanics, Kyushu University, Kasuga, 816-8580, Japan
Graduate School of Energy Science, Kyoto University, Uji 611-0011, Japan

Opepartment of Energy Engineering and Science, Nagoya University, 464-8603, Japan
YUGraduate School of Frontier Sciences, The University of Tokyo 113-0033, Tokyo, Japan
2Chubu University, Kasugai, Aichi, 487-8501, Japan

3Graduate School of Engineering, Tohoku University, Sendai, 980-8579, Japan

(Received 31 October 2003; accepted 15 January 2004; published online 23 Apiil 2004

Characteristics of transport in electron internal transport barfi@i8) and in the vicinity of a
rational surface with a magnetic island are studied with transient transport analysis as well as with
steady state transport analysis. Associated with the transition of the radial electric field from a small
negative valugion-roof to a large positive valugelectron-roof, an electron ITB appears in the
Large Helical Devicd M. Fujiwaraet al, Nucl. Fusion41, 1355(2001)], when the heating power

of the electron cyclotron heating exceeds a power threshold. Transport analysis shows that both the
standard electron thermal diffusivity,, and the incremental electron thermal diffusivip}° (the
derivative of normalized heat flux to temperature gradient, equivalent to heatylsare reduced
significantly(a factor 5—-10in the ITB. They, is much lower than thg, by a factor of 3 just after

the transition, whileys© is comparable to or even higher thggpbefore the transition, which results

in the improvement of electron transport with increasing power in the ITB, in contrast to its
degradation outside the ITB. In other experiments without an ITB, a significant redybgicone

order of magnitudeof y5° is observed at the O-point of the magnetic island produced near the
plasma edge using error field coils. This observation gives significant insight into the mechanism of
transport improvement near the rational surface and implies that the magnetic island serves as a
poloidally asymmetric transport barrier. Therefore the radial heat flux near the rational surface is
focused at the X-point region, and that may be the mechanism to induce an ITB near a rational

surface. ©2004 American Institute of Physicg§DOI: 10.1063/1.1688787

I. INTRODUCTION form (safety factoyr are measured or calculated and the role
Recently electron thermal transport barriers have beeff magnetic shear in the formation of the electron internal
observed with dominant electron cyclotron heating in plasiransport barrier is discussed and the role of radial electric
mas with negative magnetic field shear in many tokantaks. field E, shear on the electron and ion transport barrier has
In these experiments, the radial profiles of rotational transbeen studied in tokamak plasrh&.In stellarator plasmas,
both the electron and ion ripple losses are sensitive to the

apaper LI1 2, Bull. Am. Phys. Sod8, 198 (2003. radla_l electric field _and eIegtro_n a_nd ion radial qu_xes are
Ynvited speaker. functions of the radial electric field in the plasma. Since the
1070-664X/2004/11(5)/2551/7/$22.00 2551 © 2004 American Institute of Physics
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electron radial flux is equal to the ion radial flux in the steady 15 . " ' Y T
state condition, the radial electric field which gives identical (a) electron root

ion and electron radial flux is called a “root.” The radial AIO:- .' .
electric field with positivenegative value is called electron E

(ion) root, because the electrdion) flux exceeds the ion ?4 5 -ion\root ]
(electron flux at zero radial electric field. Because the mag- ;.. | .

nitude of the radial electric field is much larger in the elec- 0 -,* -

tron root, the reduction of neoclassical transport due to the .;" ITB

radial electric field is expected in the electron root rather than spwitont e
the ion root. In contrast to the electron thermal transport 0.0 02 04 0‘35 08 10 1.2

barriers in tokamak plasmas, in a stellarator where the mag-
netic shear is negative, the electron internal transport barrier
(ITB) has been observed associated with the transition from
ion root (large neoclassical flux with a smddl) to the elec-
tron root (small neoclassical flux with a large positi&g),
when the collisionality becomes low enough for the
transition*2Although the mechanism of ITB formation as-
sociated with the transition from ion root to electron root has LY ]
been studied?* the quantitative study of the incremental with ITB ion root |
electron thermal _diffusivity, x¢' 7 =d(Q/ne)/d(VTe)] has 00 sz ; o.' 2 O..6 ‘ ofs 1_'0 s
been scarce in ITB plasmas in helical devices in spite of its p
importance in understanding transport in toroidal devices.

In the L-mode plasma, an instability, such as the electroff!G- 1. Radigl profiles of radial electric fielq measured and pred@cted for the

. 14.15 . plasma in(a) ion root and(b) electron root with ITB. The closed circles are

temperature gradient mod&TG), ™™ often results in the the radial electric field measured with charge exchange spectro$CXs)
sharp increase of the thermal diffusivity above the criticaland the solid lines are radial electric field calculated using the diffusion
electron temperature gradients and determines the uppegefficient calculation by the Monte Carlo meth@COM) code.
limit of the electron temperature for the available heating
power® A sharp increase of incremental thermal diffusivity
is usually observed near the critical temperature gradient.
The temperature dependence of the thermal diffusivity is anlerived from poloidal flow velocity , measured with charge
extremely important issue for characterizing the ITB andexchange spectroscogZXS) at the midplane in LHD by
having a prospect for plasma performance with an electromsing a charge exchange reaction between fully ionized neon
ITB in the high temperature regime required for nuclear fu-(0.5%-1% impurity and atomic hydrogen from the neutral
sion. The change of sign of the temperature dependence frobeam?® The contribution of the toroidal flow velocity and
positive to negative is required for the transition from pressure gradient of neon to the radial electric field are neg-
L-mode plasma to the ITB plasma. However, the quantitativdigibly small (0.3 kV/m and 0.1 kV/m, respectivelybecause
study for this temperature dependence of thermal diffusivityof the damping of toroidal flow and the higher charge of the
has not been done. Although the foot point of electron ITBmeasured impurity. Three neutral beams with a beam energy
was observed to locate at tlge=2 surface, where then/n  of 130-145 keV and an absorbed power of 1.3 MW are
=2/1 magnetic island sometimes appears, in Large Helicahjected from 0.3 to 3.3 s to initiate and sustain the plasma
Device (LHD) plasmas,*8the role of magnetic islands and and ECH in the second harmonic resonance with a frequency
rational surfaces on the electron heat transport and the fopf 82.4 GHz and 84 GHz and with the power of 0.63—-0.88
mation of an electron ITB has not been investigated. In thisMW is added fort=1.7—-2.2 s. The focal point of the ECH
paper, a quantitative study fét) the electron thermal diffu- (Ref. 21 is tuned exactly at the magnetic axs, of 3.8 m
sivity normalized by gyro-Bohm scalinge./(TY%B?), (2)  (major radius in vacuunRy, of 3.75 m, which is measured
incrementaly,, (3) temperature dependence gf is dis-  with a soft x-ray CCD camer#.The transition from ion root
cussed based on the transport analysis with power balante electron root is observed near the plasma center with lo-
and transient transport analysis using modulated electron cyalized ECH, when the plasma is well into the collisionless
clotron heatingECH) and cold pulse propagation. The effect regime (v; <0.3) by decreasing the electron density. As seen
of a magnetic island on the formation of ITB is also dis-in Fig. 1, the outer half of the plasma is in the electron root
cussed. because of the collisionality of the plasma is low enough in
this region even without ECH. When the plasma collisional-
ity is low enough ¢ =0.2 atp=0.27) for the transition of
ion root to electron root, the formation of an electron internal
transport barrier is observed for the plasma with ECH power

The Large Helical DevicgLHD) is a toroidal helical above the threshoft!:>3 The radial profiles of radial electric
magnetic devicgHeliotron device with a major radius of field measured are well predicted by the neoclasdisa)
Ra=3.5-4.1m, an average minor radius of 0.6 m, and grediction using the diffusion coefficient calculation by the
magnetic fieldB of 0.5-3 T:° The radial profiles oE, are  Monte Carlo methodDCOM) cod&é*?°as shown in Fig. 1.

Il. CHARACTERISTICS OF ELECTRON INTERNAL
TRANSPORT BARRIER (ITB)
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FIG. 2. (a) The peak value of normalized electron temperature gra(méh;e inside the ITB regiornp<0.3 as a function of ECH power normalized by
electron densityPgcn/ne and radial profiles ofb) electron temperature in LHD# 32940, #32957, 432958 averaged with four time sligeand (c) electron
thermal diffusivity normalized byr2/%B2.

A normalized electron temperature gradieRlLT , cause of the lower energy of NBBO—40 keV.?° No in-
whereR is the major radius andT is the scale Iength of crease of ion temperature in LHD may be because the growth

electron temperature gradient, is ‘evaluated for the plasmgé&te of the long wavelength turbulence contributing the ion
with various ECH power normalized by the electron densﬂyheat transport is enhanced due to the increase of the ratio of
as seen in Fig.(@). There is a clear transition of temperature Te/Ti - (The degradation of ion transport associated with the
gradient in the formation of the LHD electron ITB and the Increase off¢/T; ratio are often observet!:
transition is associated with the transition from ion root
(weak negative radial electric figldo electron rootllarge |, *\\ ~REMENTAL ELECTRON THERMAL DIFFUSIVITY
positive electric fielgl in the collisionless regime 1 NSIDE THE ITB
<0.3). When the ECH power exceeds the power thresholol,
the centrall, increases significantly and a large temperature  The formation of the electron internal transport barrier is
gradient appears near the plasma centepda0.3, while  due to the bifurcation phenomena of the electron heat trans-
there is not much change observed in the profiles of electroport, which is clearly demonstrated in the relation between
density, rotational transformand ion temperature. The elec- the electron heat flux normalized by density and temperature
tron temperature profile becomes more peaked after the fogradient as seen in Fig.(@. At the transition from an
mation of the electron ITB and the central electron temperak-mode plasma to the ITB plasma, tfig gradient near the
ture strongly depends on the ECH power. A smoothed curvelasma centerd=0.15) jumps from 3.6 keV/m to 13 keV/m
with a function ofc,+ c,p?+cy exp(—pzlci), for the trans-  even for the same magnitude of heat flobeduction ofy, by
port analysis, where;—c, are fitting parameters, are also a factor of 4. After the transition to an ITB plasmay,
plotted in Fig. Zb). When the transport in the plasma is decreases up to 3%ts (reduction ofy, by a factor of 8. The
gyro-reduced Bohm transport, the thermal diffusivity can beincremental thermal dlfoSIVIty)(mC in the ITB plasma near
expressed aggp*, where xg is the thermal diffusivity in  the plasma centep(= 0.15), is 1 né/s, which is lower than
Bohm scaling angh* is a normalized gyro-radiufS. There-  that for the plasma without ITB by a factor of 20. The incre-
fore the thermal diffusivity is proportional t8%%B2 when  mental thermal diffusivity is also estimated from the time lag
the transport is dominated by the gyro-reduced Bohm transef the heat pulses, which is given from the phase delay be-
port. In order to evaluate the improvement of electron transtween the Fourier transforms &T,. and of the modulated
port in the plasma with an electron ITB, the electron thermaECH power. The incremental heat diffusivity is given by the
diffusivity is normalized by the gyro-reduced Bohm scaling propagation velocity of the heat pul§ie slope of time lag
of Tg/Z/B2 as shown in Fig. @). The normalized thermal to minor radius of the plasma® The heat diffusivity in the
diffusivity decreased towards the plasma center and reaché$B plasma decreases by a factor of 5 compared to that in the
low levels close to 0.1 s~ Y/(keV®¥?T~?) in the LHD elec-  no-ITB plasma(without base ECHand it is much smaller
tron ITB. This is in contrast to the radial profile of normal- than that outside the ITBsee the data of off-axis MECH
ized electron thermal diffusivity observed in JT60U, whereexperiment by one order of magnitude as seen in Fi¢h)3
the minimum normalized thermal diffusivity is located at which is consistent with the results from power balance.
one-third of the plasma minor radiug £ 0.35) 272 Another approach to estimate the incremental electron
Although there is a significant observed increasd@of  thermal diffusivity is cold pulse propagation induced by a
no increase of ion temperature is obserj#e. 2(b)], which  tracer encapsulated solid pell@ESPEL (Ref. 39 ablated
is in contrast to the formation of both ion and electron transsear the plasma edge. The thermal diffusivity can be derived
port barrier in ECH-driven ITB plasmas in CHS, where thewith transient transport analysis using the perturbed heat
heating power to ions is comparable to that to electrons beransport equation written as
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FIG. 3. (a) Electron heat flux nomalized by electron density as a function of the electron temperature gradient and the radial (imofiie time lag of the
heat propagation in the plasma with 300 kW modulated electron cyclotron héktlBGH) with a frequency of 20 Hz an¢t) electron thermal diffusivity
derived from the cold pulse propagation. The trianglegbinrepresent the location of the deposition peak of ECH.

3 96T, ~VT,
zneTIV' ne(Xo+X2)V5Te—neX1T—e5Te ,

®
Q.
N @
Ixe
xa(n=5=Te, @3
Ixe
Xo1) = 5oV T @

When the normalized heat flux perturbatign,and the nor-
malized perturbation gradient, are defined as

1 fr3 95T, g .

y(r,t)= MooT, oEneTu u, (5)

X(r,t)= —— (6)
’ 5-I-e .

Equation (1) can be written asg/(r,t)=a(r)x(r,t)—b(r),
a=xo+x2, b=x1(=VT./T,), herer is the averaged mi-
nor radius. The coefficienta(r) and b(r) are derived by
fitting the x(r,t) andy(r,t) with a line. Figure &) shows
the radial profiles of thermal diffusivitya= yo+ x». The

and typically it is 1.5, which is predicted from the gyro-
reduced Bohm scaling and is also consistent with the power
degradation of the global energy confinement in LHDrpf

o« (P/n) ~°%35 |f the parameter stays positive, the forma-
tion of an ITB would never occur, because spontaneous in-
crease of electron temperature during the formation of an
ITB requires a negativer. Thereforea would be the most
reasonable parameter to confirm whether the plasma is in the
L-mode regime or the ITB regime, especially near the
boundary between the L-mode and ITB mode in space and in
time, and therefore negativecan be a definition of an ITB
plasma. The transient transport analysis with a cold pulse
indicates the existence gf; due to the strong temperature
dependence of electron thermal diffusivity. The temperature
dependence is investigated by power balance analysis and
the cold pulse experiment. When the electron thermal diffu-
sivity is proportional to the temperature to the powenads

Te, a can be derived fromy; asa= x1/xe-

As shown in Fig. 4, the temperature dependence param-
eter in the core region is even worse= 2.7) than that near
the plasma edge before the transition to ITB. However, it
changes its sign from positive to negatifi®m 2.7 to— 1.5)
associated with the formation of an ITB. Outside the ITB
region, the positive temperature dependence of electron ther-
mal diffusivity («=1.6) is observed, which is consistent

cold pulse propagation experiment also shows the significantith the temperature dependence=1.5) of the gyro-

reduction of electron thermal diffusivity inside the ITB
(2 /s inside and 10 Ais outside the ITR The time reso-

reduced Bohm transport. The change of sign of the tempera-
ture dependence of the electron thermal diffusivity is a key to

lution of the measurement of ion temperature is poor and Nahe formation of the ITB. This negative temperature depen-
fast enough to study the cold pulse in the ion temperaturgence of thermal diffusivityr<0, is also consistent with the

and no information for the cold pulse in ion temperature issignificant reduction oﬁ(‘gc below x, inside the ITB as seen

obtained. Since there is no increase of ion temperature oky 'rig 3a), because whe "< y, inside the ITB, they,
. ’ e 1

served associated with the formation of the electron interalecreases as the electron temperature is increased with the

transport barrier, the reduction of ion thermal diffusivity is ;,~rease of normalized heat flux.

not expected. It should be noted that the change of sign @ffrom

positive to negative is a key to electron ITB formation. If the

a remains positive there should be no increase of electron

temperature after the onset of electron ITB formation, be-
The temperature dependence of thermal diffusivity cause the radial heat flux tends to decrease after the ITB

=(Te/xe)(dx/dT,) is an important parameter to study the formation. The temperature gradient dependence parameter

plasma with ITB. In the L-mode, the parameters positive  of thermal diffusivity B[ = (VTe/ xe) (dxo/dVTe)] is differ-

IV. TEMPERATURE DEPENDENCE OF ELECTRON
THERMAL DIFFUSIVITY
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[ ° o | FIG. 5. (a) Time evolution of electron temperature measured with ECE in
] 1 the plasma with a cold pulse experiment near(#el/1 magnetic island and
0 ® (b) the 1/2 magnetic island.
°
=] 1 i . 1
[ X-point of the magnetic islan®f. The cold pulse propagation
o ITB ! starts at the boundary of the magnetic islda@i#poing and
21 R ! the cold pulse propagates both toward the plasma center

e S (outside of magnetic islandand towards the plasma edge
0 01 02 03 04 05 (inside the magnetic islandThe details of the topology of
P the magnetic island and of the TESPEL injection and ECE

o _ measurements are described in a previous papgeshould
FIG. 4. (a) Electron thermal diffusivity as a function of electron temperature

and (b) radial profile of the temperature dependence derived from the coltpe noted that this mggnetlc ISIand, IS a Sta}tlonary ISIanc.j and
pulse propagation experiment. does not rotate, which makes this experiments technically

much easier than the case when the magnetic island is rotat-

ing as in tokamak plasmas. The propagation inside the mag-
ent from a because of the peaking of electron temperaturenetic island is much slower than that outside the magnetic
profile after the ITB formation. The beta values inside theisland, which indicates that the thermal diffusivity inside the
electron ITB are in the range of0.4 to —0.7 and stay magnetic island is significantly reduced. The cold pulse is
above— 1, where an unstable situation occurs. As shown indegraded when the pulse reaches the ITB as shown in Fig.
Fig. 4b), the temperature dependence parametederived  5(b). The cold pulse propagates much slower inside the ITB
from the cold pulse propagation with transient transporthan that outside the ITB, which indicates the lower thermal
analysis also shows the same trend. The temperature depeatiffusivity inside the ITB. It should be noted that Fig(ab
dence is positive¢=0.5—-1.0) outside the ITB, while it be- shows the cold pulse propagation from the boundary to the
comes negative inside the ITB and decreases up 2oto-  center of O-point of magnetic island, Fig(by shows the

wards the magnetic axis. cold pulse propagation across the magnetic island, which is
located at the foot point of the ITBpE0.3).
V. TRANSPORT NEAR THE RATIONAL SURFACE Figure 6 shows time delay, which is defined as the time

differences between the time of TESPEL injection and the

It is widely observed that the foot point of the ITB is peak of the pulse and indicated with closed circles in Fig. 5.
related to the rational surface €2 surface both in toka- The size of the 1/1 magnetic island in Figagis evaluated
mak and helical plasmas. In LHD, the radial profiles of elec-from the temperature profiles measured with ECE. On the
tron temperature strongly depends on the radial profile of thether hand, the size of the 1/2 magnetic island in Fig) &
rotational transform controlled by the toroidal plasma currentoo small to be measured, because the ECE measurement
driven by a neutral bea’f.When the rational surface is lo- locates near the X-point of the magnetic island. Therefore the
cated near the plasma axjs=€ 0.3), the foot point is located size of the 1/2 magnetic island is estimated from the electron
at theq=2 surface, while there is no clear foot point ob- temperature profile near the O-point of magnetic island mea-
served when there is nq=2 surface inside the plasma. sured with YAG Thomson scattering using mapping of flux
These observation suggests the importance of the rationalirfaces. The time evolution of the electron temperature after
surface for the formation of an ITB. In order to study the rolethe pellet injection is well reproduced by the diffusive model
of the rational surface and why a magnetic island often apin the slab model. This is because the increase of density due
pears at the rational surface, the heat transport near the maig-the TESPEL is small enough not to enhance the turbulence
netic island is investigated using cold pulse propagation. Figand change the transport which is in contrast to the experi-
ure 5 shows the time evolution of the cold pulse, near the 1/inent in Wendelstein VII-AS where a large pellet triggers
magnetic island and the 1/2 magnetic island. The cold puls#HD oscillations*® However, the absolute value of the ther-
is produced atp=0.75 by injecting the TESPEL to the mal diffusivity estimated here is uncertain due to the simplic-
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g I ol'u outside
F [ [ ITB i
E‘ 5 - L\ ] the radial electric field shear which appears at the boundary
] linsidei: *%e o ] of the magnetic island.
[ITB | *l 1/2 %0 ] The electron heat transport is improved at the boundary
0 of the magnetic island as well as inside the magnetic island

and the magnetic island serves as a poloidally asymmetric
transport barrier. Therefore the radial heat flux near the mag-
FIG. 6. (a) Radial profiles of time to peak of cold pulse propagation near thenetic island is focused at the X-point region, and that may be
(a) O-point of the 1/1 magnetic island aiik) X-point of the 1/2 magnetic the mechanism to induce an ITB near a magnetic island at a
island. rational surface. The ITB plasma can be achieved without
rational surfaces or a magnetic island. However, the ITB
formation becomes easiéwith lower ECH power when
there is a magnetic island in the plasma. In order to study the
ity of the model used for the analysis, because the structureffect of a magnetic island on the formation of an ITB, ex-
of the magnetic islan¢the effect of the poloidal asymmejry ternal field coils are applied to control the size of the mag-
is not included in the analysis. The thermal diffusivity for the netic island.
best fit to the experimental data is 0.3/s(with an uncer- Figure 7 shows the time evolution of the electron tem-
tainty of factor of 2 inside the magnetic island and 5.@/m  perature for the various plasma radii at the formation of the
(with an uncertainty of factor of Moutside of the magnetic ITB. When the external field is applied, which cancels the
island. There are jumps in the delay time at the boundary ofatural 2/1 island usually appears at tkel/2 rational sur-
magnetic island or near the rational surface 1 in Fig. 6a)  face, the electron temperature increases after the onset of
andi=1/2 in Fig. &b)]. This jump of time delay suggests the on-axis ECH and saturates within 15 ms, which is compa-
reduction of transport near the rational surface or at theable to the energy confinement time of the plasma without
boundary of the magnetic island. an ITB. However when there is no canceling external mag-
The sheared poloidal flows and sheared radial electrioetic field applied, the electron temperature keeps increasing
field are observed at the boundaries of the magnetic island iaver 100 ms after the onset of ECH and reaches 4 keV,
LHD when then/m=1/1 magnetic island is produced by which indicates the significant improvement of heat transport
external perturbation coils, because the poloidal flow vanin the plasma with the ITB. This experiment demonstrates
ishes inside the static magnetic islafi@he E, shear and the that the 2/1 magnetic island contributes to the formation of
shearing rate given by the measurements is more thathe ITB (reduces the power threshold for the transition to the
0.2—0.4 MV/nt and 10 s ! at the boundary of the magnetic ITB) and supports the hypothesis that the radial heat flux
island, which is comparable to the threshold valud Bf /dr near the rational surface is focused at the X-point region
in a Heliotron configuratiod® Even when there is no current when the magnetic island appears in the plasma. Since the
in the external perturbation cail, there are intrinsic magnetidlattening of the electron temperature inside the magnetic
islands at thegy=1 and/org=2 rational surfaces due to the island itself even decreases the total stored kinetic energy,
error field depending on the plasma paramétéfsand this  the magnetic island does not contribute to the increase of
magnetic island does not rotate in contrast to the magnetiplasma stored energy for the plasma when there is no ITB. It
island driven by a tearing mode in a tokamak. Therefore theshould be noted that although the magnetic island contributes
sheared radial electric field is expected to exist in the intrinto the formation of the ITB, it does not contribute the im-
sic magnetic island as well as in the magnetic island proprovement of transport in the ITB plasmd4. high perfor-
duced by an external coil current. One of the candidates ofance ITB plasma can be achieved without a magnetic is-
significant reduction of transport near the rational surface isand when there is enough heating powAithough the foot
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