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The Japan Atomic Energy Research Instit@AERI) completed the divertor modification of the
JAERI Tokamak-60 Upgradé&T-60U) [Y. Koide and the JT-60 Team, Phys. Plasrasl623

(1997] in June, 1997, and experiments with the W-shaped pumped divertor have been carried out.
The helium exhaust was demonstrated in the steady state by using helium neutral beam injection
(NBI). The ratio of the effective particle confinement time of helium to the energy confinement time,
e Te, became about 4 and the obtained enrichment factor of helium in the divertor was about 1.
The high confinement modéi-mode plasma with edge localized modELM) was sustained for

9 s with a confinement—enhancement fa¢tbfactor of ~1.7. No increase of recycling and carbon
impurity density was observed with the integrated NBI input energy of 203 MJ. In the reversed
shear(RS) experiments, a quasi-steady-state BLLM mode was achieved with an H facter2.4.

The stability of highn toroidal drift modes was analyzed in the RS plasma. ElkeB shearing rate
became of the same order of magnitude as the linear growth of the dominant mode around the
internal transport barrier. The semiglobal structure of radial transport was analyzed by the toroidal
geometry particle simulation code. The discontinuity in the electrostatic potential occurred at the
Omin region and radial transport was reduced. 1898 American Institute of Physics.
[S1070-664X98)95405-7

I. INTRODUCTION and the influx of carbon impurity occurred because of the
high heat flux toward the divertor platBs:ormation of the

The Japan Atomic Energy Research Institutepartial detached remote radiative divertor is necessary for the
Tokamak-60 UpgradéJT-60U" has been achieved high- heat control. The prompt exhaust of helium ash and the re-
performance plasmas in various operational modes such akiction of impurity from the main plasma is also important
hot ion high confinement modeH-mode,? high-g,  for the steady-state operation. Suppression of the neutral
H-mode?® reversed sheaiRS) modé and so forth, and con- backflow toward the main plasma in order to achieve better
tributed to International Thermonuclear Experimental ReacH-mode performance is also an essential subject. For these
tor (ITER)® physics R&D from various physical points of reasons the W-shaped pumped divertor system was installed
view. In 1996, the fusion triple productay(0)7¢T;(0)  in JT-60U in 1997 and experiments started from June, 1997.
=1.5x 10*'m 3 s keV, and the deuterium—deuteriy®—D)  In this paper we deal with the recent experimental and ana-
neutron emission rate of 5210 s~ was obtained in high- lytic results since June, 1997.

Bp H modé€ and the equivalent deuterium—tritiugD—T) The study of noninductive current drive by the negative
fusion amplification factorQ&%=1.05 was realized in the ion based NBIN-NBI: beam energyE,, up to 500 keV,’
reversed shear operation. the lower hybrid wav¥® and the bootstrap curréhthave

Because the performance achieved above was obtainden carried out in JT-60U. Especially, N-NBI has a larger
in the transient phase, the long sustainment or the quasfurrent drive efficiency compared with the positive ion based
steady-state operation of high-performance plasmas becomb®! (P-NBI:E,~90 keV)." In 1996 experiments, we ob-
important in JT-60U experiments. In order to accomplish thist@ined full noninductive_ current drive in a higy H-mode
aim, approaches of research from both divertor plasma phyglasma for 2.6 s withy~2.5 and a confinement—
ics and main plasma physics are necessary. enhancement factdH facton ~2.512 However, the higher

For the long duration operation, careful conditioning of H factor, By, np(0)7eTi(0), andQg} value were obtained
the divertor plasmas becomes more and more essential. DIRDNY in the “transient” phase, and such plasmas ended by
ing the long neutral beam injectiaiBI) heating phase, for 1€ major disruption.

example, the degradation of the main plasma confinement Achievement of high performance for a long duration
operation by the optimization of both the divertor and the

main plasma by making the best use of the W-shaped
pumped divertor is the central subject of the experiments in

*Paper sFrall-2 Bull. Am. Phys. Sot2, 2063(1997).
"Invited speaker.

@Electronic mail: shiraih@fusion.naka.jaeri.go.jp this year. - ) o
YSee Appendix. In Sec. Il, the modified divertor is introduced. The re-
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FIG. 1. Overview of the JT-60U W-shaped pumped divertor system. divertor region.

sults of experiments related to the divertor pump such aslome was installed at the bottom of the vacuum vessel and
helium exhaust and the long sustainment of the FL(gdge- the height of theX point became relatively higher than that
localized modgH mode are discussed there. In Sec. lll, theof the open divertor. Since the maximum divertor coil cur-
experimental results of reversed shear plasmas are presenteeht is the same, maximum plasma current is limited at 3 MA
The analysis of the microinstability around the internal transin order to keep the divertor configuration. Three P-NBI
port barrier (ITB) by a toroidal kinetic microinstability —units were removed, but the attached cryopumps provide the
analysis code and the reduced radial transport at the ITRumping for the divertor. The power from N-NBI is planned
region by a toroidal particle code are also shown. In Sec. IVio compensate for the decrease in the total P-NBI power.
important subjects in ITER physics R&D, the halo current, From the view point of the above items, the operational
and the Toroidal Alfva Eigenmode(TAE), are shown. A region became slightly narrower. However, the modification
summary of JT-60 experimental and analytic progress in thief the JT-60U device made it more suitable to study the

year and the future plan are shown in Sec. V. physics of divertor plasmas and optimize the operation by
the heat control, particle control, and the impurity control in
Il. W-SHAPED DIVERTOR EXPERIMENTS order to satisfy the performance of the ITER divertor.

The divertor particle pumping speed is adjustable by the
opening in front of the cryopumps. The argon-frosted cry-

The poloidal cross section of JT-60U after the divertoropump enables the demonstration of helium exhaust. Six gas
modification is shown in Fig. 1. The new divertor has apuffing ports in total, four from the top of main plasma and
W-shaped structure with the inner and the outer baffle plateswo from behind the baffle plates, were installed.
the 60° inclined divertor plates, and the center dome. In or-
der to resist the high heat flux from the main plasma, carbog active fuel exhaust
fiber composite(CFC) tiles are adopted for the divertor ) )
plates. This divertor configuration was designed and opti- _1he particle flux pumped out by the divertor pump was
mized by numerical simulatiod$.Main features predicted ©€Stimated by comparing a set of plasmas with and without
by numerical simulations are as follows. The inclined di-the divertor pump. The balance of the particle flux can be
vertor plates reduce the heat load and create high recyclin§XPressed aSFNB“;Vl;gv :£¥VALL 4\/\‘”FPUMP for with (W) di-
high-density, and low-temperature radiative divertor plasVertor pump, and g +Iyio=wary for without (W/O) di-
mas. The baffle plates reduce the backflow of neutral parYertor pump. Herd'yg andI'gp are influx to the plasma by
ticles toward the main plasma. The dome reduces the carbdiB! and the gas puff, respectively. HeFgy . andT'pyvp
impurity flux toward the X point.

Figure 2 ShOWS the er_llarged pQIOIdaI cros_s Seclionap g . A comparison of the operational region for a W-shaped divertor
around theX point and the divertor region. There is an eX- and an open divertor.
haust throat between the inner divertor plate and the dome:

A. Divertor modification

Particles in the divertor region are pumped from the private W-shaped divertof1997  Open divertor(1996
region, which is the same structure as the ITER de¥igihe  plasma current . 2.5 MA 5 MA
distance between the inner separatrix hit point and the dome 3.0 MA (design 6 MA (design
is called “gap-in.” The gap-in can be changed by the plasma’-NBI 11 units ¢-28 MW) 14 units €37 MW)
configuration(2—14 cnj. The smaller gap-in is accompanied Plasma volume ~85n? _ ~100n?

Gas puff port 6(4: main, 2: divertor 2

by the hlgher p‘?mp eff|C|ency. . . Divertor pump  Yegthree ports No
The (_:omparlson_qf th_e operatlonal region before and afyelium pump  Argon frosted possible Solid target boronizafion
ter the divertor modification is summarized in Table I. The

Downloaded 21 Mar 2002 to 198.35.4.102. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/pop/popcr.jsp



1714 Phys. Plasmas, Vol. 5, No. 5, May 1998 Shirai and the JT-60 Team

15F 2.5 ' ' ' ' '
pﬁSLr Total beam power (r/a=0.66) E30121 ﬁ #
R A S Helium beam power ITY & 2.00 s
hmain / [ ‘\_ 100 D, gas E | QO‘:’Q i
aotom) e, LT DrgmE ] dg Pem 2 1.5 g§°  E30067
_ 2.5 ai 13 (with pump)
Wai H D s -
(M) of \B(;‘“ . .U, o 1.0 ﬁ"‘ﬁ- s
..... Las oty ssaal I . .
Neutral 0.4 € 0.57 Helium beam
behir(!g l.))afﬂe E A
a M U TS DT PP B
6 7 8 9 10 11 12 13 06 7 8 9 10 11 12

time (s) time (S)

FIG. 3. Time evolution of the total NBI heating power, the helium beam ) uti f helium density afa— ith and with
power, the line-averaged electron density, the amount of deuterium gas pu#dil\?e.rtﬂrc;r -:;'l;?ﬁpevo ution of helium density afa=0.66 with and without a

the diamagnetic stored energy, the intensity of divelqr, and the neutral
pressure of deuterium and helium behind the outer baffle plate in the helium
exhaust experiments.

of helium beam injection. The pressure of the helium neutral

_ is about ten times less than that of the deuterium neutral.
are outflux pumped out by the wall and the divertor pump,  The time evolution of helium density ata=0.66 with
respectively. The plasma density is kept at the same value ignd without the divertor pump is compared in Fig. 4. The
both discharges by the feedback control of gas puff fuelinghelium densityn,, , saturated about 8:010'” m~3 with the

. . . I e’
The same NBI fueling is carried out, thatﬁ_ﬂﬁ}/B:FWB(_)' On  hump, whilen,, kept increasing without the pump. The ef-
the assumption of the same wall pumping in both dlscharge§ . L ) ; e .
ective particle confinement time of heliunt,, is esti-

thatisTwa =Iwary, the difference in the particle influx by - 4 1016 0.72's. The energy confinement tige,is 0.18
s. Thus, the ratio ofrf, to 7¢, becomes about 4, which

the gas puff,[%e— 4L, in order to maintain the same

plasma density, corresponds to the outflux bi/ the dlvertorSatisﬁes the ITER requirement ofJ re< 1024 The enrich-
pump, Feyye. The ELMy H-mode plasma ofp=15MA, e o b 102P0 )T/Inue/n.], at the pumping port
B,=3.5T, ng=4.3x 109 m~3, Pyg=12 MW, and the gap- , [Pe/(2Pp ) Vnpe/nel, humping p
in=3.5 cm was examined. In the case with divertor pump,2€hind the outer baffle plate is about 1, whéxg, andPp,
['\g=4 Panils, ['cp=20 Pani/s, andlpyp=12.3 Pariys  are the pressure of helium and deuterium, respectively. Since
was estimated. Thus, about half the fueled particles are rdhe profiles of helium and electron density are almost the
moved by the divertor pump. This active fuel exhaust workssame in the main plasma, the rafig./ne is almost equiva-
quite well for the helium exhaust, the long sustainment of thdent to the ratio of the total helium particle to the total elec-

ELMy H mode, and so forth, which are shown below. tron in the plasma, i.eNp./N.. The obtained enrichment
factor is 5 times larger than that obtained with an open di-

C. Helium exhaust vertor in JT-60%° It was proved that the active fuel exhaust is
very effective for the helium exhaust in the steady-state op-

The removal of helium ash from the main plasma is ON€,ation
of the essential subjects for the steady-state operation of fu-
sion reactors. In the open divertor, helium removal from

high-8, ELMy H-mode plasmas was demonstrated by usindD' Long sustainment of ELM y H-mode plasmas

the method of wall pumping by solid target boronization. In 1996, quasi-steady-state operation of the higghH-
The ratio of the effective particle confinement time of he-mode plasma for 2.6 s was carried out in the relatively broad
lium, 7%, to the energy confinement tinez, was 6—8. pressure profile by slightly off-axis heatifgHowever, the

The demonstration of helium removal by the divertor problem with the quasi-steady-state high-H-mode opera-
pump was carried out. The argon-frosted cryopump is useton is that the recycling rate and impurity content increase
for this experiment. The ELM H-mode plasma withl,  for the long NBI pulse, when the integrated NBI input en-
=1.4 MA andB;=3.5 T is examined. The time evolution of ergy reaches above 70 MJ, and causes the degradation of
this shot is shown in Fig. 3. Helium is injected into plasmaenergy confinement. The control of neutrals and impurity is
by using two units of NBI. The beam power and beam en-one of the important subjects of this year's campaign to
ergy of helium are 60 keV and 1.4 MW, respectively. The Hachieve the ITER-like steady-state operation.
factor and 8y are 1.3 and 1.0, respectively. The helium The low triangularity,s (~0.15) and the higl® (~0.30
source is 1.%107° s 1, which is equivalent to the helium configurations are compared this year. The l6wperation
ash production by 80 MWk heating. The line-averaged elec- has better exhaust efficiency in JT-60U, because a small
tron density is kept constant during NBI heating by the feed-‘gap-in” can be obtained with this configuration. Also it is
back control of the deuterium gas puff. The stored energyossible to keep the same plasma configuration during the
and neutron emission rate is almost constant during NBINBI heating phase in low operation.

The neutral pressure of both deuterium and helium behind Figure 5 shows the demonstration of the long sustain-
the outer baffle plate saturates ab@us after the beginning ment of the ELM/ H mode with the divertor pump. The
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ergy, the intensity of divertob ,, the intensity of carbon VI, the neutron 0 jo (107>
emission rate, and the line-averaged density of the #LlHimode. Long Dodiv 3 - 2
sustainment of the ELM H mode fa 9 s with the integrated NBI input (a.u) F B
energy of 203 MJ was performed without an increase in the recycling and 0 0

carbon density.

plasma current and the toroidal field are 1.5 MA and 3.5 T, 8
respectively. The line-averaged density is kept constant by
the feedback control of the gas puff. The H factet.7 and
Bn=1.4—1.8 is sustained for 9 s, which is much longer than 6
the energy confinement tin{several hundred milliseconds
and the effective particle confinement tirfgeveral seconds
Although the integrated NBI input energy reaches up to 203
MJ, no increase i , and Gy line intensity can be seen with
the divertor pump. Without divertor pumping the intensity of 2
the D, and Gy line increases gradually with time like the
results of the open divertor case.

t=6.68s

1 I 1 1 I 1 I 1
_ _ . 0 0.2 04 06 0.8 1.0
E. Performance of ELM y H mode in the high-density
regime r/a

In JT-60U improved energy confinement has been dem'—:'G- 7.(d Tim(_e evolutic_)n of the plasma current, the NBI power, thelline—
trated for the high ion temperature mode thaT-(sO) averaged density, the diamagnetic stored energy, the neutron emission rate,
onstra g p e I and the intensity of divertob , for the ELMing reversed shear plasnih)
>T¢(0). Inthese plasmas, the gas puff fueling was not donerhe q profile att=6.68 s.
during the NBI heating phase. The density normalized by the

Greenwald limit,n./ngy, is 0.45 utmost. In order to study

the density dependence of the H factor in EYM-mode The density dependence of the H factor based on the

plasmas, severa| series of EyMi-mode plasmas with the ITER 89 power scaling is shown in Fig. 6. Open circles are

d|ffe_rent Ne WETE exam_lned. The high-density plasmas A he results of the W-shaped divertor. The region of plasma
obtained by the deuterium gas puff.

parameters arel,=1.1-1.5MA, B=2.5-36T, and
Pngi=22 MW. The H factor is about 1.5 at./ng=0.5.
These values, together with H factet, are indicated by

Ko
o £
LS I LEELEL I LI I T 10

T 11 111 1 l. LILIL LINLEL UL . . .
gg 3 ! ‘\' ' &,everlsed she'a, 3 dotted lines for convenience. The broken line denotes the
2‘0 3 o ('97) Fig. 7 3 upper limit of energy confinement by the open divertor. The
“E d'ibj: Long ELMy H-mode3 data of the ELM H-mode shot(shown in Fig. 3 and the
° 1.8 3 o (97) Fig. 3 3 reversed shear sh@shown in Fig. 7 are expressed by the
S 16 . B .qgngl}‘dhe/ﬁlgit._; closed triangle and square, respectively, for reference.

8 14F zy-sr:taped ; Y i 3 In spite of the divertor pump and the control of gap-in,
T 1.2 §‘ (3'73 or : ~ —E me H factor degrades with the increase of density. Around
L prenee O~ 3 Ne/ngw=0.6, an X-point MARFE(multifaceted asymmetric
0.8F = radiation from the edgeoccurs, which is a slightly smaller
(HI; N WE NS S IS WA S NSRS W density range compared with the results of the open divertor.

0 02 04 06 08 1.0 1.2

No improvement of energy confinement is found above
Ne / Ngw ne/ngw=0.8. The density dependence of the H-factor is al-
most the same as the results of the open divertor, in which
FIG. 6. DenSIty dependence of the H factor based on ITER 89 power Scallng"gh_densn:y Opera‘“ons were also Carrled out by gas puff
in a W-shaped divertofopen circles and an open divertotbroken line: fueling 17 The tendency mentioned above is not influenced
upper limi§ are compared in ELM H mode plasmas. The plasma param- ’ . . ]
by the position of gas puffingfrom the main plasma, from

eters ard ,=1.1-1.5 MA,B;=2.5-3.6 T,P\g =22 MW. The H factor de- | ) i
creases with the increase of density. behind the baffle plajethe “gap-in” and the distance be-
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trals under the excess gas puff fueling from the main plasma Q !"'II n ™S (a)
for the high-density operation has not yet been optimized. - T.CXR o
The continuous pellet injectioftentrifugal pellet injection
is planned to reduce neutrals.

tween the baffle plate and the separatrix. The control of neu- 12 T T T T T T

Ill. STUDIES OF REVERSED SHEAR PLASMAS

A. ELMy H mode reversed shear plasmas

T, T; (keV)
n (101° m?)

,I 1 I L I 1 I 1 I 1

O = N W H~ 01O

Reversed shear plasmas were obtained by the fast cur-
rent ramp-up during the NBI heating phase. In these en-
hanced confinement plasmas ITB was seem.inT., andT;
profiles just inside the minimum surface. One of the merits
of reversed shear operation is that a large energy confine-
ment time is achieved. Moreover, the large portion of stored
energy is the thermal stored energy, which is a reactor-like
property. On the other hand, most of the good confinement
shots in the reversed shear configuration ended with major
disruption caused by the kink-ballooning md@evoreover,
there was no H-mode transition in high-operation and the
density and temperature in the plasma peripheral region out-
side the ITB remained low.

For the better performance of reversed shear plasmas,
the improvement of energy confinement in the plasma pe-
ripheral region by the L—H transition is necessary. In order
to avoid the highg, disruption caused by the huge pressure
gradient within the thin ITB layer, careful and moderate NBI
injection has been carried out in the operation. Just after the 1
ITB formation, NBI heating power was stepped down, and 0 02 04
the quasi-steady-state ElyMH mode plasmas were success- r/a
fully obtained keeping the ITB. _

Figure 1a) shows the time evolution of the plasma pa- FIG. 8. Profiles of(@ ne,Te,T;, (b) NBI heating powerPRg and Pyg, ,
rameters in the ELMing reversed shear shot wi Ohmic heating powelR gy, ra(_jiatiorj Ios_sl_?',ad, an_d(c) thermgl diffusivity,
—1.5MA, Bt:3-5 T. At aboutt=5.55s, ITB begins to ;(ﬁeaar;dp)l(;én?;.d the neoclassical diffusivityyc, in the ELMing reversed
evolve. The central density starts to increase, while the edge
density remains almost constant. &£ 6.0 s, eight units of

NBI were reduced to five units. What is very interesting isheating profiles are calculated by an orbit following the
that the stored energyg;,, did not decrease with the step- Monte Carlo(OFMC) code® The ripple loss of fast ion is
down of NBI power. The H factor~2.4 andBy=1.7-1.9  about 7% of the injected NBI. Figurd® shows the profiles
was achieved witm/ngy~0.54. of electron and ion thermal diffusivityy, and x;, and the
In this shot the L—H transition is not clear; i.e., there is neoclassical diffusionync. Both x. and y; are very small
no clear drop ofD,, intensity. The relation of the timing inside the thin ITB layer. In the core region enclosed by ITB,
between the ITB formation and the L—H transition is underpoth y, and x; are the same level or smaller than thg..
investigation. This transport feature is the same as that obtained in the
Figure {b) shows theq profiles measured by motional transient phase.
Stark effect(MSE). The position of minimung is located
aboutr/a=0.6. The ITB is located just inside thg,,. Fig-
ure §a) shows the profiles of,, T, andT; att=6.5s.
They had similar features in profile: a very steep gradient at A large pressure gradient within the thin ITB layer is a
the ITB and a relatively flat profile in the core region en- distinctive feature for the reversed shear plasmas in JT-60U,
closed by the ITB. This feature remains until the end of NBlwhich has a potential to be a free energy source to excite
heating. In the peripheral region outside the ITB, themicroinstabilities. The linear growth rate of hightoroidal
volume-averaged densityn,), the particle-averaged elec- drift modes was analyzed by a linear toroidal kinetic micro-
tron and ion temperaturéT ) and(T;), become large due to instability analysis code, theuLL code in collaboration with
the H mode transition. These averaged values in the periplihe Princeton Plasma Physics Laborat¢BPPL.2%?! By
eral region are almost the same or above those of the nothanging thek,p; value, wherek, is a wave number in the
H-transition shot ofl ,=2.8 MA with Qg}=1.05. poloidal direction andp;=+/m;T;/eB is an ion Larmor ra-
Figure 8b) shows the power deposition profile of NBI dius, the largest linear growth ratg, , is calculated locally,
heating, Ohmic heating and radiation loss profiles. The NBhot including the rotational effects. As for the suppression
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B. Study of microinstabilities around the ITB
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FIG. 10. Profiles of the linear growth rate of;, (solid line) and theE
X B shearing ratewg g (dotted ling.
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mas in JT-60U. A full toroidal geometry particle simulation
code (TPCQ) is used to clarify the mode structure around
ITB.242° The instability with poloidal mode numben and
toroidal mode numben, which occurred at the rational sur-
faceq=m/n, can be coupled to other mode®{ j,n) (j is

an integer by the toroidal mode coupling and create a non-
local or semiglobal structure of turbulence, which extends in
the minor radial direction. In the case of the reversed shear
configuration, the distance between the rational surfaces of
adjacent modes becomes large at the mininmrsurface.

1 1 " L i 1 L 1 1
20 0.2 0.4 0.6 08 1 Thus, when they,,;, surface is located between the adjacent
r/a mode rational surfaces, these modes become isolated from
each other.
FIG. 9. Profiles of(@ n.,T.,T;, (b) toroidal rotation,V,, and(c) q mea- Figure 11 shows the contour of electrostatic potential in
sured by MSE for the reversed shear shot E247}51.2MA andB,  the poloidal cross section. At tha,, surface indicated by
=357 the solid line, the semiglobal mode structure is broken up.

Actually, the energy of mod&; [ ¢,,]%, has discontinuity at
Omin- This discontinuous structure is regarded as a candidate
of the reduced radial transport across the ITB layer.

mechanism for the microturbulence, tB&< B flow shear is
regarded as playing an important réfeThe radial electric
field and theEXB shearing ratewg«g, are estimated by
solving the neoclassical parallel momentum balance equa-

tions with the measured toroidal rotation profile of the car-)v. OTHER STUDIES FOR ITER PHYSICS R&D
bon impurity.

The reversed shear plasma with=1.2 MA and B,
=3.5T was examined. Profiles of,, To, T;, q, and the The electromagnetic force driven by the halo current is
toroidal rotation speed of carboN,, are shown in Fig. 9. an important decision factor in ITER design. Therefore, the
Then profiles ofy, and wg«g are calculated for these pro- study of halo current characteristics is regarded as one of the
files (Fig. 10. It was found that the microinstability is local- most important subjects in ITER physics R&D. Up to the
ized around the thin ITB layer. Within the ITB layer, the present time, the experimental data on the halo current
dominant mode is the toroidal drift modthe trapped elec- mainly came from the middle- and small-sized tokamaks and
tron z; mode.?® This mode is roughly stabilized by tHe  the database from large tokamaks is insufficient. During the
X B shearing rate, i.ey, <wgxp- divertor modification, Rogowsky coils were newly installed

The local stability analysis predicted that this microin- to measure the halo current precisely.
stability would be stable in the plasma peripheral region be-  The VDE (Vertical Displacement Evenivas simulated
cause of the fairly flat pressure profile. Actually, the thermalby pushing the plasma column downward toward the X
diffusivity in this region is far larger than the neoclassical point. The halo current flows into the inside baffle plates,
diffusion. The origin of anomalous transport in this region isruns in the vacuum vessel and goes back out from the outside
the next subject to be clarified. baffle plates, when the direction of both the plasma current
and the toroidal field is clockwise. The halo current becomes
highest whendl,/dt takes the maximum value during the
current quench. Experimental results show that the maxi-

As shown in Fig. &), the reduced transport within the mum value ofl 5o/ , X TPF is smaller than that of middle-
thin ITB layer is a distinctive feature of reversed shear plassized devices, where the toroidal peaking fa¢id?F means

A. Studies of halo current

C. Study of reduced transport inside minimum- g
region
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2%—-3% was observed. The volume-averaged fast ion beta is
. o estimated at about 0.2%, which is less than the fast ion beta
value of 0.5% for the TAE mode excitation obtained experi-
mentally in TFTR (Tokamak Fusion Test Reacj6f and
DIII-D. %8 The different threshold beta value is studied from
the viewpoint of the fast ion density profile. Also, the possi-
bility of another beam-driven mode, the “chirping mode”
observed in DIII-D, is considered.

U Rl LLLLLELLLL N

V. SUMMARY

JT-60U experiments with the W-shaped divertor con-
figuration have been successfully carried out. The effective
removal of helium introduced by a beam was demonstrated.
The value ofr}, /7= became about 4. The enrichment factor
of helium increased by a factor of 5 compared with the re-
sults of the open divertor. The long sustainment of BLM
mode phase was demonstrated by the divertor pump for 9 s.
No increase of recycling or impurity density were observed
with the integrated NBI input energy of 203 MJ. The perfor-
mance of high-density ELM H mode plasmas operated by
strong gas puff fueling degraded near the Greenwald limit.

Steady-state ELM H-mode plasmas in the reversed
shear configuration were obtained for the first time. The sta-
bility of high-n toroidal drift modes was analyzed by the

W E FULL code, the linear toroidal kinetic microinstability analy-
0 025 0.5 0.75 1 , : : ;
sis code, in collaboration PPPL. THeXB shearing rate,
p (=r/a) derived from experimental measurements, is sufficient to
suppress the trapped-electrgnmode, which has been pre-
EIG. 1_1. Cor_ltogrs of elect_rostatic potential in the reversed shear configuragisted to be the dominant microinstability in the vicinity of
tion. Discontinuity occurs in the mode structure at thg, surface. the ITB. The toroidal particle simulation code predicts the
reduction of radial transport across the ITB, which is located
the scale of spatial variation of the halo current in the toroi-inside theq,, position.
dal direction. The physical mechanism of the halo current The precise measurement of the halo current at VDE

will be investigated in the future. was carried out. A TAE-like mode has been observed by
N-NBI injection for the first time.
B. Studies of TAE mode In the campaign for next year, we plan to demonstrate

the full noninductive current drive with high, (over 2 MA)

and a highn, condition with the increase of N-NB injection
Bower. The optimization of the partial detached radiative di-
vertor will be carried out for both the normal shear and the
reversed shear operations. The optimization of the reversed
shear plasmas and higsy H mode plasmas will be per-
formed for the study of improved performance.

Toroidicity-induced Alfven Eigenmoddthe TAE mod¢
is regarded as unfavorable for the confinement phirticles.

It is therefore necessary to study the characteristics of th
TAE mode and the method to stabilize it. The TAE mode
was observed by the second harmonic IC@&fe ion cyclo-
tron range of frequencigsninority heating in JT-608f This
year N-NBI was applied to excite the TAE mode.

The N-NBI alone with 350 keV beam energy and 3 MW
beam power was injected into the plasma with
=0.7MA, B;=1.54T for 0.4 s. The parallel velocity of ACKNOWLEDGMENTS
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