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Recent progress in the heating capability in the large helical dd¢@ceMotojima et al, Phys.
Plasmas6, 1843(1999] has allowed the highest averagevalue (4.1%) obtained in the helical
devices, and enables exploration of magnetohydrodynaiiietd) stability in this 8 region. MHD
activities in the periphery are found to become stable spontaneously from the inner region to the
outer region when the averag@dvalue exceeds a threshold, and then a flattening of the electron
temperature profile is observed around the resonant surface. Such a flattening can be formed
externally by producing am/n=1/1 magnetic island, and the complete stabilization of rine
=1/1mode is demonstrated by the moderate island width. In addition, attempts to control peripheral
plasmas are also performed by using a limiter and a local island divertor utilizinmthe1/1

island, to improve plasma confinement and, especially, to stabilize pressure-driven modes in the
present study. The stabilization of peripheral MHD modes is obtained with both approaches, and this
indicates that these are available to the production of highetasmas without edge MHD
activities. ©2005 American Institute of PhysidDOI: 10.1063/1.1898227

I. INTRODUCTION B limit,®> wherem andn are the toroidal and poloidal mode
numbers, respectively, ang= (¥)Y2, whereW is the toroidal
The formation of steep pressure gradients in the edgéux function, which is normalized by the value of the last
region is one of major subjects in toroidal systems such aslosed flux surface. In the previous experiments, performed
tokamaks and helical devices to produce hghtasmas and in the large helical devic&.HD), the MHD modes excited in
to improve plasma confinement like in thé mode. This the peripheral region have been observed even in thedow-
strongly depends on the growth of edge magnetohydrodyregime. The amplitude of the/27=1 resonant mode in-
namics (MHD) activities. In tokamaks, the edge localized creases exponentially witi8 and the pressure gradient
mode(ELM) affects maintaining thél mode and the avail- around the resonance in ti@.) ranges up to 3.2%. In
able operation regime. The investigation of its physicaladdition, the amplitudes of the modes excited outside the
mechanism and control has been continued for a long time/27=1 resonance are considerably enhanced irHtimeode
through various experimentsNet-current free plasmas in like plasma with the steep edge-pressure gradiedince
helical devices are free from current-driven instabilities un-there are the several lowrational surfaces in the peripheral
like in tokamaks. The characterization of pressure-driverregion, the relationship between the activities of their reso-
modes, especially, in the edge region, and their control in theant modes and the pressure gradient is one of the key issues
high-8 regime are the crucial issues towards a helical fusiorfor higher8 plasma production. On the other hand, the
reactor. Since the heliotron configuration has a magnetic hilplasma shifts due to the fini{@-effects may result in the
in the peripheral region, the stabilization of ideal and resis-ergodization of magnetic surfaces and/or the generation of
tive interchange modes is very important to produce themagnetic island, especially in the edge region. These might
high-B8 plasmas. With regard to the modes at resonances ilimit the plasma performance. An optimization of the mag-
the core region, the stabilization due to the spontaneous genetic configuration is required for the avoidanceffimits
eration of magnetic well has been verified in thedue to both stability and equilibrium. And also, it should be
experiment. On the contrary, the theoretical prediction sug-done for realizing good transport and high heating efficiency.
gests that the lom-ideal instability such as//n=1/1 mode LHD has a heliotron-type magnetic configuration with a
that has a resonance aroynd0.9 limits the pressure gradi- natural separatrix, and there is an ergodized layer around the

ent in the peripheral region and, consequently, determines tHgparatrix. The magnetic configuration can be changed over
a wide range by currents in the external helical and poloidal

Paper CI2A 3, Bull. Am. Phys. S0d9, 59 (2004. f@eld coils. Also, LHD can have v_arious_magnetic configura-
Pnvited speaker. tions by using external perturbation coils located above and
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below the torus. A local island divertgLID) is a powerful 0.8
tool for the control of edge plasmésand fundamental di-
vertor functions of the LID have been demonstrated in the
recent experiment%? In the LID, the divertor head is in-
serted inside th® point of them/n=1/1 magnetic island
generated by the perturbation coils. This divertor head also
works as a plasma limiter without generating thén=1/1 .
island, and these two approaches are available for the D
pressure-gradient control in the edge region. o2k !

Since LHD experiments started in 1998, plasma param-
eters have been improved with an increase in the heating : | R,=36m
power in every experimental campaign. In the recent experi- ol L . L L
ments, the maximum averaged beta val(y.), of 4.1% 55 60 65 7.0 75 80 85
was achieved by the high-power neutral beam heating of up p
to 12 MW in the magnetic configuration with relative high
aspect ratio A, of 6.3% Here (Byy is defined as
Aol 3Wdia(BaV02VpO), whereWj;, is the diamagnetic energy.
The B,,0 andV, are averaged toroidal magnetic field inside

the plasma boundary and plasma volume, respectively. Thgyagnetic well formation in the core regidfthe resonant
are estimated under the vacuum condition except for speciay,rface of them/n=2/1 mode, which sometime affects the
configurations such as the limiter and LID. This paper decore pressure profilf, is expected to be eliminated due to
scribes recent experimental results on higlhlasmas, espe- the finite3 effect, because of the increase in the central
cially, edge MHD activities, and MHD characteristics in the ;jo- The aspect ratioA, of 5.8 was used in the high-
limiter and LID configurations. In Sec. Il, the magnetic con- experiments up to now, and the complete optimizatiompf

figurations applied in the experiments are explained. Typicalyi|l pe done in the next stage of the highexperiment in
high-B discharges and thg dependence of MHD activities | yp.

are shown in Sec. lll. Section IV describes the observations  Figure Za) shows the schematic view of the LID. The
of MHD modes in the limiter and LID configurations and the | |p is a closed divertor that utilizes am/n=1/1 island

brief results of the LID experiments. The concluding remarksyenerated in the edge regidmy inserting the divertor head

0.6}

04

FIG. 1. Changes of a central rotational transform and an effective minor
radius as a function of plasma aspect ratio.

are shown in Sec. V. into the island from the outer side of the torus, the outer
island separatrix are interrupted by the divertor head. The
Il. MAGNETIC CONFIGURATIONS particle and heat fluxes, diffused from the core plasma and

crossing the inner island separatrix, flow along the inner

The LHD is a heliotron-type device with a pair of con- separatrix of the island. After several toroidal turns, they
tinuous helical coils and three pairs of poloidal field coils, reach the outer separatrix of the island, where the divertor
and these coils are superconductive. The magnetic axis pofiead is placed, and strike upon its backside, on which they
tion R,,, can be changed from 3.4 to 4.1 m by controlling theare neutralized and recycled, as shown in Fig).Particles
poloidal coil currents, and it characterizes the transport angdeytralized and recycled there are pumped out efficiently by
MHD Stablllty In the Configuration with the inward-shifted a Strong pump|ng system with a pumpmg duct designed to be
Rax Pparticle confinement is better than the outward-shiftedy closed system. Since the blades of the divertor head are
case, because an effective helical ripple loss of neoclassicRicated inside the island separatrix, there is no leading edge
transport decreases. On the contrary, the inward-shiftegroblem. High efficient pumping is the key in realizing high

plasma has a disadvantage with respect to MHD stabilittemperature divertor operation, where the divertor plasma
because of the magnetic hill formatioR,, of 3.6 m was

used in the highB experiments, because the longest energy

confinement has been obtained and serious MHD activities (8) w/ LID w11 island

have not been observed in the previous experimge@tls.the P —
other hand, the LHD magnetic configuration also has a free e plasna *
degree of the aspect ratio to some extent. The helical coil S
consists of three layers, and by cotrolling the individual layer T A
current, the aspect ratio of plasn#g, can be changed from

5.8 t0 8.3 aR,,=3.6 m. Figure 1 shows the central rotational (b) Limiter

transform and effective plasma minor radiaig as a func- P
tion of A,. The large central rotational transform is expected *
to lead to the reduction of Shafranov shift, which restrains

the degradation of heating efficiency of the neutral beam.
Moreover, the large rotational transform contributes to the

reduction of the he".Cfi' ripple loss of high—epergy particles.rig. 2. schematic view ofa) the local island divertor andb) limiter
Although the reduction of the Shafranov shift obstructs theconfigurations.
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-og: , (Bgiz» Occurs with growth of them/n=2/3 mode and the
‘4 ] a ' s (10°, v2n=1) decrease in then/n=2/5 mode amplitude, although the
L, N heating power and the supply of,ldas are still maintained.
L M«»\M; The equilibrium reconstruction and stability analysis are car-
a5 10 15 20 ried out for this discharge using the three-dimensiq3al)
Time (sec) MHD equilibrium code VMEC} and the result ofm/n

=1/1 mode is shown in Fig. 3 as an example. While the
FIG_. 3. _Tempo_ral changes of plasma parameters and MHD activities irpressure gradient around th@n=1/1 resonant surface in-
typical high discharge. creases Wit B4, and saturates at 1.1 s, the peaking factor
of pressure profile increases till one NBI is turned off at
gabout 1.8 s. The Mercier paramef®y; which is well used as

significant improvement of energy confinemém closed an index of higha ideal stability boundary, indicates that the
divertor also provides high plasma plugging efficiency re-high-n mode is_ upstable because of the reduction of magnetic
quired for the high recycling operation, where a low tem-shear due to finitgs effect. Plasmas are expected to be mar-

perature and high density divertor plasma is produced fofinally stable on lown ideal mode becaus®, is around 0.2.

radiative cooling. These two operational modes can be reall® ParameteDg is an index of resistive interchange stabil-
ized in the LID® These divertor functions allow the LID to 1Y boundary, and positiv®r means the resistive mode is

pump out ionized impurities that are difficult to be pumpedSti” unstable_dur_ing the discharg_e. The magnetic Reyn(_)lds
out in the presence of the magnetic field. By using the di_num_bers which is related to the Imgar grqwth rate pf resis-
vertor head alone, that is, without generating then=1/1 tive interchange mod¥, decreases with an increase(Ba),

island, the limiter configuration can be established, as showA"d this suggests the gradual rise of the growth rate of the
in Fig. 2(b). In both configurations, the position of the di- mode. These results seem to be inconsistent with the sup-

vertor head is defined by the position of the blades of thdression of then/n=1/1mode. Figure 4 shows the radibl
divertor head along the major radius, as shown in Fig).2 profile and rotational transform at 1.125 s, corresponding to
the discharge shown in Fig. 3. The flattening structure is

found in the radialT, profile, for example, near then/n
=1/1 resonant surface. Since the measurement error of Th-
Figure 3 shows MHD activities in the typical high- omson scattering system is *5eV in tHe range of
discharge R, and toroidal magnetic fiel®, are chosen at 3.0-3.2 m, the observed flattening structure is meaningful.
3.6 m and 0.5 T, respectively, amd, is set at 6.3. Three These asymmetrical structures are well observed in the high-
neutral beams are injected to the plasma and the depositigh discharges, and it is, however, difficult to apply such pro-
power is about 6.9 MW at 1.725 s. The line averaged elecfiles to the present equilibrium reconstruction. The flattening
tron densityn,, measured with the far infrared interferom- is considered to contribute to the stabilization of both ideal
eter, gradually increases with time to %20 m™. The and resistive modes. One possible way to form the asym-
m/n=1/1,2/3, and 2/5 modes excited in the edge region aremetrical profile in the periphery is to change the magnetic
dominantly observed in this discharge. Then=1/1 and surfaces due to finitg effect, for example, to generate the
2/3 modes grow from about 0.7 s and their amplitudes inmagnetic island. Therefore, the detail equilibrium reconstruc-
crease with 4. However, wher(B.» exceeds a threshold tion using the HINT codé? which can treat the configuration
value at about 1 s, the/n=1/1 mode becomes intermittent with magnetic islands, is desired in the near future for analy-
with a relative long interval and the amplitude mfn=2/3  sis.
mode begins to decrease. At the same tifg;,) Starts to Figure 5 shows the amplitudes of observed MHD modes
increase, and the amplitude of th#n=2/5 mode increases as a function ofBy,) at A,=6.3. Although them/n=2/1
after the increase iqByy. At 1.73 s, the degradation of mode in the core region has been observed i fg) range

with a temperature of a few keV is produced, resulting in

lll. HIGH-B EXPERIMENTS
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10°L ? : ° ] =5.8. One reason for this is that the rotational transform at
- ) A,=6.3 is larger than the standard case described in Sec. II,
) b,/B, (10®) m/n = 2/5 resulting in the restriction of Shafranov shift. Although the
Lo 3 2 reduction of Shafranov shift limits the formation of magnetic
<B,.> (%) well in th_e core pla_sma, it has the ad_\_/ar_1tage of yi(_elding the
higher B limit resulting from MHD equilibrium. Also, it con-
FIG. 5. Amplitudes of observed MHD modes as a function( &f..). tributes to prevent the reduction of the heat deposition of

neutral beams, because the direction of the neutral beams is
optimized to the magnetic configuration withR,,

. : . , =3.6—3.7 m. Therefore, the high-aspect-ratio configuration
of less than 2.5% in the previous experiments, this mod(?m‘y be suitable for highs plasma production from a view-

di_sappears in the present experiments. The resonant surfac&ﬁnt of the power deposition. On the other hand, the varia-
with +/2mr=1 are located a#> 0.9 and their resonant modes tion of magnetic field structure may be an essential issue for

are dominantly observed in thggye) range of more than yho nroduction of higheg plasma rather than thR,, shift
2.5%. At first the amplitude of the/n=1/1mode increases iself from a viewpoint of equilibriumg limit.

with (Bgip» but it disappears or is intermittently observed
when <:8dia> exceeds 2.8%. A|thOUgh the amplitudesmrfn IV. EDGE MHD ACTIVITIES IN LIMITER
=2/3 and 1/2modes change, being similar to that rofn AND LID CONFIGURATIONS
=1/1 mode, the thresholdB,.), where the mode is elimi-
nated, is larger in the higher mode. Th@n=2/5 mode
appears wher By, exceeds 3.4%, and its amplitude still While the spontaneous suppression of peripheral MHD
increases With Bgi,) in the present By, range. These phe- modes occurs in the high-plasmas, the first attempt to sta-
nomena suggest that the “stable” region is expanded withilize the MHD instabilities by an active control of pressure
(Bgi from the inner region to the outer one. The destabili-gradient with the limiter has been done. Here, the divertor
zation of the MHD mode just outside the stable region mayhead was used as a limiter, as shown in Figp),2and it was
be caused by the steep pressure gradient, formed outside tifigerted into the plasma #,,=3.6 m, B;=0.75 T, andA,
flattened profile, as it is shown in tHg profile, especially, =5.8. The coneutral and counterneutral beams were injected
on the smallR side in Fig. 4, where th&, gradient is steeper into the plasma and the total deposition power was about
than that in the larg® side. 3 MW. Figure 6 shows the changes of plasma parameters as
The shiftAR,,, of the magnetic axis position is obtained & function 0fRyeaq (Bgiw @and e at eachRpe,qare compen-
using theT, profile, measured with Thomson scattering sys-sated by using an effective plasma minor radi's, as
tem, and is about 0.25 m at 1.725 s in the discharge shown ighown in Fig. 7. In the configuration without the limiter, that
Fig. 3. This corresponds tdAR/a~0.25. The statistical s, in the gray area in this figurg, and(By, are about 3%
analysis indicates that this shift is smaller by about 50% tha@nd 1.3%, respectively34> andn, have almost the same
that of the standard LHD magnetic configuration waAlj ~ values in theR,e,q range above 4.34 m, and they start to

A. Limiter configuration
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decrease when the limiter was inserted into the plasma. Al- Ryesg (M)

though B, increases at first by inserting the limiter up to

4.34 m, it decreases till the limiter reachBg.,—4.02 m.  FIG. 8. Amplitudes of MHD modes excited at2w=1/q=1, 3/2, and 4/3
The peaking factor of3 profile, By/{B4i), continues to in-  resonant surfaces argigradients at each resonance, as a functioR.gfy
crease from 2 to 4.5 with the limiter inserting into the

plasma. The Shafranov shiffR,, keeps decreasing while
inserting the limiter in spite of the increase in the peakin
factor because of the reductions g§ and (By»- In these }/1vhen Roeag< 4.34 m.

experiments, the degradation of plasma confinements wit The m/n=2/1 mode excited in the core region grows

inserting Iimiteryvere p_bserved, and we guess that this is Oluﬁ/ith the increase in the peaking factor of pressure profile
to the inflow of impurities recycled from LID head becausewhen the limiter is inserted, and it causes the flattening of the

radiation power increases with inserting limiter. T, profile around the resonance. However, the amplitude de-

Figure 7 shows the radial position ®f~0 eV, obtained -
) . ; . o ) creases abruptly wheR,.,q<4.14 m, and the peaking factor
by using theT, profile, the radial positions, inside which the increases once more, as shown in Fig. 6. One of the reasons

i 0, 0, i - . . . . .
electron stored energies are 95% and 99% of its total, TeSPELS the stabilization is that the experimental conditions enter

tively, and the several radial positions of resonant surface&w : - ;
- . e stable regime dfBy» Vs B gradient diagram, because of
estimated by the VMEC code, as a functionRytag where the decrease iHBg,). The previous experiments show that

the electron stored energy is estimated by electron densit% . i . .
. . . e degradation of plasma confinement due to this mode is
profile measured with FIR interferometer and electron tems

perature profile by Thomson scattering system. In case OIFSS than 10% even if it is such a strong mode that the pres-
Ruea=4.02 m, the plasma minor radius decreas:es by oq08ure profile changes. Moreover, this mode is spontaneously

eal . 1 o . . . . _
compared with that without the limiter. The positions of reso-sl’tab”'Z(ad due to the magnetic well formation in the high

nant surfaces depend weakly &.,4€xcept for the./ 27 regime.
ead Lo .
-1/2 surface that is sensitive to the Shafranov shift. The 1€ results of the edge MHD activities, described above,

radial position ofT,~0 eV and the radial positions, inside suggest that the divertor head positiorRgf,q=4.3 m I sit-

which the electron stored energies are 95% and 99% of i'[gble for the suppression of th¢27>1 rT‘OdeS’ "?m(.j no deg-
. radation of By is observed with inserting the limiter. How-
total, respectively, move abruptly towards the plasma center

when R ...<4.24 m. Note that the absence of afm ever, a}t this limiter posmon, the amplltL_Jde of th2m=1
=3/2 surface is due to the difficulty of the equilibrium cal- mode is larger than that without the limiter by one order of

culation in the plasma edge, although the resonance exispgagthde’ as shown in Fig. 9. This is because the sfeep

certainly because/ 27 at the natural separatrix is 5 in LHD. gradient IS formed. Thus, the configuration  WitRheaq
Figure 8 shows the amplitudes of th&27=1 resonant .<4'lAf mis valid for suppression of core and edge MHD
modes and3 gradients at their resonances as a function ofnStab'“t'eS‘
Rheag The amplitude of the/27=1 resonant mode grows at
first with the B gradient by inserting the limiter, but then
begins to be stabilized wheR,.,q< 4.3 m at the same time Another scheme for the active edge control is formed by
when theg gradient decreases. R,q;~4.08 m, which is  using the LID. Figure 10 shows the typical radial profiles of
the standard position in the LID experiments, the amplitudga) electron temperaturgy(R), (b) I+, which is a rough mea-
of the «/27=1 resonant mode becomes very small. On thesure of electron density, measured with the Thomson scat-

other hand, the/27>1 resonant modes are observed in the
thead range of=4.34 m, and they are completely stabilized

B. LID configuration
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FIG. 11. MHD activities in(a) the standard LHD an¢b) the LID configu-
rations withR,,=3.6 m andB;=1.5 T. Amplitudes of observed MHD modes

i 5
tering system, together witfc) the Poincare plot of the is- "¢ normalized b > 107

land separatrix at the toroidal position of the Thomson
scattering measurement. It is clearly seen fhas bounded

10(b). The connection length of the magnetic field around the
on the inner separatrix of the island. Theg profile is 0b) g g

X X island, that is, from near the inner separatrix of the island on
broader than thd, profile. Namely,lrs is bounded on the g equatorial plane to the divertor head is long enough for
outer separatrix of the island and changes its gradient at t ch low temperature plasmas to remain. The parallel trans-
inner separatrix of the island. The relatively high density but, 4 i5 4ominant. An interesting feature is also observed in
low _’[emperatl_,lre plasma remains in the island reglon.l'-l_IQe . the T, profile, that is, small peaks exist at the outer separatrix
profile in the island shows a hollow shape, as shown in Fidot the island. Although another peak of tfig profile atR

=4.5 m appears, it is due to measurement error because it
4 appears only at this time and consists of one data. These
r ] results indicate that the particle and heat fluxes are guided to
the divertor head along the field lines. Furthermore the very
steep gradient in th&, profile is established, which is attrib-
uted to the improvement of local confinement in the edge
region, compared with that in the standard LHD magnetic
configuration.

Figure 11 shows a comparison between the discharges in
the LID and standard LHD configurations Rf,=3.6 m and
B;=1.5 T.{B4i» in the LID configuration is defined by using
the plasma boundary measured with Theprofile, as shown
in Fig. 10. Almost the samép,,)’'s of 1.5% have been
achieved in both discharges, although the heating power and
electron density are different. In the standard configuration,
three NBIs are applied up to 1.2 s and then one NBI is turned
] off, and the absorbed power at 1.1 s is 9.9 MW. Two neutral
C . & ] beams are injected to the LID plasma, aif}i,) increases
0bontg®l o1 S oo with n.. The total absorbed power of NBI at 1.95s is
05— 6.7 MW. In the standard LHD configuration, thé27=1

[ © ] resonant modes such agn=1/1 and 3/4 aralominantly
I ( "\ ] observed and rotate in the electron diamagnetic direction.

T, (keV)

Ipg (arb. units)

] - The m/n=1/1 mode exponentially grows witlB,.), as
\ / | shown in Fig. 9, and the amplitudes of thi@=>1 resonant
\ ~ iy . . .
L - 1 modes also increase wittBy,. Especially, they were en-
e 1 P bniriara il SR R hanced after thé-H transition at(Bg,) of more than 29%.
25 3.0 35 4.0 4.5 5.0 On the other hand, in the LID configuration, th27=1
R (m) resonant modes are completely suppressed in spite of the
FIG. 10. Radial profiles ofa) electron temperaturé,(R), (b) a rough mea- iame(ﬁdia& asin t_he S_tan.dard LHD_conflguratlon. Then .
sure of electron density;, together with(c) the Poincare plot of the island =3/2 modes excited inside the’27=1 surface _are dom" )
separatrix at the Thomson scattering location. nantly observed because the pressure gradient, which is

Z (m)
(@)
T
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formed inside then/n=1/1island, is steeper than the stan- nonlinear effect® According to this, the pressure profile can
dard case. However, these modes are not expected to be che self-organized through the nonlinear evolution of the in-
cial in the highg regime because of the magnetic well for- terchange mode, so that the plasma should attain the gigh-
mation as well as then/n=2/1 mode. regime beyond the linear stability limit for fixed, smooth

An improvement factor of plasma confinement in thepressure profiles. The second one is that the rotation of the
standard dischargFig. 11(a)] is 1.1 while that in the LID  mode is stopped and the saturated structure appears n the
case[Fig. 11(b)] is 1.6. Both values are obtained at maxi- profile. For example, then/n=1/1 mode has the same fre-
mum {Bg,)- Here the improvement factor is defined as thequency of about 1 kHz as that in the discharge shown in Fig.
ratio of global energy confinement time obtained in experi-3, but the decrease in frequency like in the so-called locked
ments to that estimated by International Stellarator Scalingnode has not been observed. The third possibility is that the
95 (1SS95.%° The LID discharge seems to have a better conprofile flattening is caused by the change of the edge mag-
finement than the standard one. However, the improvementetic surfaces due to the finifg-effects. Recent theoretical
factor in the standard configuration is relatively low com- MHD analysis suggests that the disturbance of the edge mag-
pared with the previous experimerfsOne of reasons is the netic field structure due to the finifg-effect ergodizes the
degradation of the confinement due to the increase in theagnetic surface and/or generates the Mmgmagnetic
density rather than edge MHD activities. In the Fig(a)1 island?® In addition, the “self-heal” phenomena of the mag-
discharge, the electron density is about 50'° m™3, which  netic islands have been observed in the hitynegime?°
is quite high compared with the usual operation with  Thus, the careful reconstruction of the equilibrium with ap-
=(2-3 x 109 m™3. The large improvement with the LID has plying the asymmetrical profile is required for understanding
not been observed at the higher density. the mechanism of the mode stabilization.

In the limiter and LID experiments, the suppression of
the edge MHD modes by the control of pressure gradients is
succeeded. These results are useful for not only the identifi-

The high plasma production witkBy;,) of up to 4.1%  cation of pressure driven modes but also clarifying the rela-
has been realized with the high heating power in the configutionship between the edge mode activities and ergodic mag-
ration with the high-aspect ratio, and serious MHD activitiesnetic structures in the standard LHD configuration. In the
have not been observed in tHj8;, range. The reduction of present study, the experiments have been done only in the
the Shafranov shift due to the high aspect ratio is experimerow-3 range, where the affects of MHD activities on plasma
tally confirmed, and leads to keeping the high heating efficonfinement are relatively small. Therefore, the same experi-
ciency of neutral beams and to the restraint of the helicaments should be done in the highregime in the near future.
ripple loss of high energy particles. On the other hand, the In summary, the amplitudes of edge MHD modes in the
MHD theory suggests that the increment of the aspect rati@dge region with a magnetic hill configuration grow with the
causes the restraint of magnetic well formation and destabincrease in8y.), and they are spontaneously stabilized when
lizes ideal interchange modé&S.In the experiments, the (Bgi) €xceeds a threshold value. At the same time, the flat-
m/n=2/1mode has been observed in the midgBg, range tening of electron temperature profile is found around the
of less than 2.5%, and degrades the plasma confinement ligsonance. The limiter and local island divertor experiments
about 10% even in the high-aspect-ratio configuration. Howhave been performed as attempts to control the edge plas-
ever, in addition to the spontaneous stabilization in the highmas, especially, the pressure-driven modes. The stabilization
B regime, we can avoid this instability actively by the elimi- of the edge MHD modes has been realized in both experi-
nation of the resonance, due to a moderate plasma current grents, which shows that their techniques are available for
due to selecting the higher aspect ratio configuration. Althe production of highep plasmas without edge MHD
though the Mercier criterion is one of the useful indices ofactivity.
the destabilization of MHD modésit cannot be applied as
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