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Introduction
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Destabilization a0

F Energetic (Fast) ions / electrons
o particles
Fast-particle-driven MHD  Slowing-down
instabilities * Redistribution » Pitch angle
(AE, EPM, KBM, EGAM...) * Loss scattering
* Modification of ¢ vg/v, [heating] reactlon
* a-channeling

Background plasma

(Bqu electrons/ions)

v" Since redistribution and exhaust of alpha particles caused by fast-
particle(FP)-driven MHD instabilities lead to the reduction of fusion gain and
damage of first wall, the methods to control the FP-driven MHD instabilities are
required.
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Introduction (cont d)

ECH/ECCD are an ideal tool to control MHD instabilitie:
» Highly localized ECH power/EC current with a known location.

» Good controllability.

v The effect of ECH/ECCD on FP-driven MHD instabilities was experimentally found
In some tokamaks and helical plasmas [1~0].

v To have a comprehensive understanding of suppression of FP-driven MHD
instabilities in a toroidal plasma due to similarities and differences.

v" Among three stellarator/heliotron (S/H) devices, Heliotron J, TJ-ll and LHD.

ECH (non-ECCD) § W [1] A. Lazaros, PoP 9 (2002)

[2] M.A. Van Zeeland, PPCF 50 (2008)
[3] M.A. Van Zeeland, NF 56 (2016)
[4] K. Nagasaki, NF 53 (2013)

[5] K. Nagaoka, NF 53 (2013)

[6] S. Yamamoto, NF 57 (2017)
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Shear Altven Continua in S/H
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[1] S. Yamamoto, FST 51 (2007)

FP-driven MHD instabilities. 2% Nagacka, NF 53 (2013)
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[4] A. Melnikov, NF 52 (2012)
[5] S. Yamamoto, NF 45 (2005)

[3] R. Jiménez-Gémez, NF 51 (2011) [6] K. Ogawa, NF 50 (2010)

» Heliotron J (low s, low 1, low period) : Global AE (GAE), Energetic particle

» TJ-ll (low s, high 1, low period) : GAE, Helical AE (HAE) [3,4]
» LHD (high s, low/high 1, high period) : Toroidal AE(TAE), HAE, EPM [5,6]
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(3| Suppression of GAE/EPM by ECCD in HJ

N;=0.00 (#61484) —————— n=0.15#61517)  \WWhen N. = 0 0 (

EPMs/GAEs are excited in Hellotron J.

|
(o2}

v Plasma current is consisted of only
ECCD. (can ignore BS and NBCD)

-4 v Mitigation of EPMs/GAEs are

Frequency (kHz)
| 1
3 ©

PSD [dby/dt] (T?s™)

L
)

- Co-ECCD observed when both co- /ctr- ECCD is

3 ] No GAE applied.

% ‘év:a'; v' No difference of plasma parameters
T, ng In Ny scan experiment except
for I,

v" When lower density (< 0.5x10°m-3),
EPM is fully stabilized by ECCD.

0.15 0.20 0.25 0.30 0.35
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Heliotron
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@ N/=0.10
B N/=0.15
& N/=0.20
A N/=0.25
v N/=0.30

EPMs (m/n=0/1)
<ng>~0.7x1012 (m3)

08 e°®

be/Bt (x109)
»

® increase 1 —;

1, (kA)

0 Dependence of EPM/GAE upon EC-driven Current

N |
'Y

enhances magnetic
shear. (s ~ 0 in vacuum)

v Amplitude of
EPMs/GAEs obviously
decreases by the
increasing /, regardless
of its sign.

1 v EPM is shear Alfvén continuum.

- Continuum damping rate is proportional
to magnetic shear
-> Increase of shear leads to suppression of

EPMs.

v' GAE seems to suffer from continuum damping.
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Heliotron
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v' Landau, inverse landau and radiative damping seem to be constant in N; scan.

-+ EMPs/GAEs suffer from continuum damping.
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@ Suppression of AE/EPM by ECCD in LHD
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v ECCD (N, = -0.44 ~ +0.5) with Pgcy = 560 kW induces ~ +20 kA current in LHD.
v' Suppression of TAEs and EPMs is observed for only ctr.-ECCD. (decreases 1)
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v' AEs intersect with continua in ctr-ECCD. Gap is radially aligned in co-ECCD.

v' Change in SAS by EC-driven current contributes to suppression of AEs
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ECH Effect on GAE/EPM n HJ

P=114 kW (#61569) === === P=282 (#61 561)

o -4

+ o P " EPM/GAE amplltude

< 150 3 =

» _w% v Amplitude of EPMs/GAEs

g . _122: decreases by the increasing ECH
iy » power.

g o 555?512 e Pecn =282 kW v Mode behavior changes from

3 160 continuous to bursting when ECH

g 100 power is increased.

- 50
o v Overserved increasing T, should
1op lead increase of fast-ion beta, and
88 . B then mode amplitude should
I SRO e S Y ,,g:fx‘é increase. But we observed
o1 020 e 0% 0% mitigation of the modes.
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Heliotron

& Dependence of GAE/EPM upon Pren
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v Increasing ECH power induces a change of behavior from continuous to bursting.
v GAE amplitude decreases with the increasing Pgcy with on-axis ECH.
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0, Eftect of ECH Deposition
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ECH deposition can be scanned by poloidal angle scan of ECH mirror.

Edge ECH increases amplitude of EPMs/GAEs localizing at edge.
-+ Modification of <p;,.> profile by ECH affects EPM/GAE amplitude.
-+ Deposition scan affect production of trapped electron = Collisional damping.
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ECH Effect on HAEs in TJ-II

#33239
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Growth/Damping

Effect

PDiscussion

ECCD

Inverse Landau
damping

Shear Alfven
Structure

Continuum damping

Electron Landau
damping

lon Landau
damping

Radiative damping

Collisional damping

Destabilizes AEs by
<b> gradient

AEs tend to intersect
with continua or not

Alfvén resonance

Landau damping by
electron

Landau damping by
fast and bulk ions

Mode conversion by
kinetic effect

Collision with fast
electrons

HJ (low s/low 1)

TJ-1l gow srnigh v)

LHD (high s)

v

HJ/TJ-1I/LHD

v'?

v'?
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_______ Conclusion

v In order to develop the method to control the observed EPMs and AES in
Stellarator/Heliotron, we investigate the effect of ECH/ECCD on EPMs/AEs in
three devices, LHD, TJ-Il and Heliotron J based on the similarities and differences.

v The increasing continuum damping of the modes by increase in magnetic shear
due to EC-driven plasma current is effective for GAE and EPM (non-frequency
gap modes).

v" The modification of shear Alfvén continuum is more important effect than
continuum damping for TAE and HAE (frequency gap modes)

v ECH (non-ECCD) also impact on FP-driven EPMs/AEs. A candidate to explain this
phenomenon is modification of <B;,> and/or collisional damping by trapped
electrons.
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Excitation mechanism of the energetic particle driven
resistive interchange mode and strategy to control
the mode in Large Helical Device
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Contents of my talk

« A new type of the energetic particle driven MHD instability, EIC was found
in LHD (X. D. Du, et. al., Phys. Rev. Lett. 114 (2015), 155003) in the
hydrogen plasma campaign.

1. The characteristics of the EIC in deuterium campaign.

2. Excitation mechanism of EIC

« Resonant of the MHD mode with the helically trapped particles motion
IS required.

3. Control of the EIC
1. ECH application (Resonant effects is reduced)

19



EIC in the hydrogen / deuterium campaign (1)

EIC: Energetic particle driven resistive InterChange mode

« With the excitation of the EIC, the
energetic particles are lost rapidly.
The effect on the plasma is quite
large, e.g., formation of the
negative potential. (¢>10kV)

Precession motion

NBI #5
40kV—80kV (66kV) [ [mm
4~5MW — IMW

Hydrogen experiments
#122395

-----------------

(@)is

§ 0f helically trapped EP
._QQ é 3 —
20k §
s 1 -
10
= : NBI #4
= 0 40kV—60kV
< - 4~5MW — 9MW
-10 100
= - Itis noted that neutron emission rate is a good
T NV il 50 S measure of the amount of the trapped particles, since
4 4.1 42 43 44

the beam-plasma reaction is the dominant in LHD.

timel s | o

Potential formation / modification of the EP profile



EIC in the hydrogen / deuterium campaign (2)

Hydrogen Campaign

M%W « EICs becomes unstable when the
1.0- H132009 ) perpendicularly injected NBI power is increase.
5 | -
2 o5l B /X“MX « Bursts of MHD activities less frequently
:/ ‘ activated are observed in deuterium campaign.
0 0'. .................... S r—u""u'—u‘—“\. ‘
40 42 44 _46 48 50 52 . Impact of each EIC burst is larger, as seen in
Time [s] ; :
Deuterium Campaign (only Perp. Beams) the time evolution of beta than that observed
Q) i b Vo in hydrogen campaign.
o !
o 1.0 . .
3 ' VL" «/m P EIC‘ « Total neutron emission rate is decreased as
o4 TEE AN much as 60%.
= 0'57/// K -> This difference might be caused by the
- < neutron emission ; L - .
2 rate [10° 1/s - excitation mechanism of EIC.
0 of~r2te10; LoV Lo
40 42 44 46 48 50 52 .

Time [s]



Excitation Condition of EIC — analogy to the Fishbone

Energy Principal with Energetic particle ™
ol + 5WMHD + 5Wk =0 L ely
Ié Hike orbit
Bulk plasma From Energetic Particle

Three requirements for EIC excitation

Pressure driven mode is marginally
stable/ weakly unstable

« This condition is always satisfied in inward o2
shifted configuration where EICs appear. = 04 |
. . —, 06
Pressure gradient of th EPs is large N 04
« EP pressure gradient at the rational surface can O'f, | | |
be large estimated from the deposition profile. 02 | |
-0.4 | '
EP motion resonant with MHD mode D8 e 3 25 4 48 B op
« Precession frequency (5~12kHz) is slow enough to interact R [m]

with pressure driven mode. will be discussed in detail. 22



Particle orbit

Particle orbit - constant rotation
1.00 Inboard
0.75- g
J‘ ‘ {
= 050 4
~ ] y "
[ — a | £
o 0.25{ . ‘
[ ]
8’ 0.004 Outboard
<
& -0.25
©
'S -0.504
o
o -0.754 d
-1.00 (B) . . _ J , . Inboard
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Time la.u.l
0 log(<v(t) E(t)>"2)
=20
—60 w '\/\/\/“'\AW\-\M’\I(\N ﬁ‘l
-4 -3 -2 -1 0 1 2 3 4

»_poloidal / ®_precession_freq

There is an acceleration section at the
inward side and a slowing down
section at the outward side (GCR code
is used).

This variation of the velocity is the
reason why the helically trapped EP
can be coupled with the MHD
instabilities having the mode number
of m/n = 1/1.

Energy transfer from the EP to the
mode is estimated by evaluating the
correlation of the fluctuating
component of the precession motion
and the MHD mode. Resonance is
found at -1.2 x o(prec.freq.)

Ya. I. Kolesnichenko, et. al., Phys. Rev. Lett. 82(1999) 3261, Phys. Plasma 9 (2002), 517 23



Initial Frequency [kHz]

Evidences supports EIC excitation mechanism

Precession Frequency(pol.) [kHz]

deuteron 66keV

20+

15t
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a  proton 40keV

3.8 4.0 4.2

|2.0_| T T LI LI T LI
-| & Hydrogen Beam

0.0F
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20F

# Dueterium Beam

0.0 =
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- 45

|
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[1] X. D. Du, et al., Phys. Rev. Lett. 114(2015), 155003

020 T30 0
Acc. Voltage [kV]

70

e

Precession frequency is proportional to
the energy of EPs. The initial frequency of
the EIC is similar to the frequency of the
precession frequency.

EICs caused by the PERP NBIs with 66 kV
has the larger frequency than those with
60 kV and 45 kV.

Initial frequency dependence strongly
supports that the EIC is driven by the
resonance of the perpendicularly injected
EPs as discussed in ref [1].
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Deuteron Std.Dev.=0.014

0.02

0.00 et FIRRRS

Deviation [m]

-0.02

0.25 -0.04
£ 000 0.04 (B2) Proton Std.Dev.=0.013
N
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o _ _ predicted to be
« This orbit width / mode width effects might be the reason raised b
why the EIC is more stable in D beam heating. EIC y
excitation threshold is raised when the orbits of the EPs are & In ﬁ
larger than the mode width of the resistive interchange PR PR

mode.

» Excitation of EIC requires more EP pressure with D heating. |l SRl CRETIEPE)
= Less frequently excited and the amplitude is larger.

2960 (1986).



Energy Principal with Energetic particle

51 (5W 5W _ 0 R moti
+ MHD + 7 k Qa-lltke orbit

Bulk plésma From Energetic Particle

(1)‘2 7
5]: _T/p,n|§|-dr.

(2) RMP SW, — ; / £.V . Pudr.

b (B)

—% > Cy, g: -
« This condition is always satisfied in inward o
shifted configuration where EICs appear. = 0.4
—, 06
N 04
« EP pressure gradient at the rational surface can 0'(2, |
be large estimated from the deposition profile. 02
-0.4 |
EP motion resonant with MHD mode -0
« Precession frequency (5~12kHz) is slow enough to interact R [m]

with pressure driven mode. Discussed in detail will be given. 26



Control of EIC in High-Ti Deuterium exp.

Comparison of 142077 and 142084

——
NB0OONE

_ OO0
OO0

CO==alN

(A) WplkJ] ]
(B) ne_bar[10"m™ |
T —
Neutron |
(C) Emission |

B TilkeV]@3.81[m] ]

BUOON
UCUTONEUO AW ANO O 1 O
Ll T 1 ;‘ ' L] Ll Ll L4 L]
O
S

B6[a.u.]

With ECH |

Without ECH

46 48 50 5.2 54
time[s]

SoNws
coooo
ECH total[MW]

The mode width of the resistive interchange
mode is reduced with the increase of the
electron temperature or the magnetic shear
due to the larger Shafranov shift. =
Reduction of the interaction of EP with the
interchange mode.

The control of the EIC using ECW was already
reported in lower ion temperature regime.

(X. D. Du et. al. Phys. Rev. Lett. 118 (2017),
125001)

Clear disappearance of the EICs are observed
with on-axis ECH in the high-Ti discharge
condition. No reduction of the neutron
emission rated is observed.

27
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From the resonance of the precession motion of the helically trapped particle and resistive
interchange mode, so-called EIC mode appears in the Large Helical Device.

The threshold of the energetic particle pressure for the EIC excitation is larger with D beam. The
amplitude and the effects of an EIC events on plasma is thereby enhanced in deuterium experimental
campaign.

Trial to control the EIC with ECH and RMP application is investigated.

Both ECH and RMP application successfully suppress the EIC without reducing neutron emission rate,

i.e. EP pressure. Suppression by ECH might be explained by the reduction of the radial mode width.
Suppression by RMP might be caused by the stabilization of the resistive interchange mode.

Resistive interchange | EP Pressure Resonance EIC behavior
mode stability at EIC bursts

D-Beam Marginal Small Small Larger Bursts

H-Beam Marginal Large Large Frequent Small Bursts
D with ECH  Marginal Not changed Smaller Suppressed

D with RMP  Marginal to stable Not changed Not changed Suppressed (only

found in higher n.) 28
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Laboratorio
Nacional

Heliotron J / TJ-11 / LHD

TJ-ll

Major radius R (m)

Minor radius a (m)

yamamoto.satoshi.6n@kyoto-u.ac.jp

Magnetic field B (T)
Toroidal period /V,
ECH Power PECH (kW)

NBI Power P NBI (kW)
NBI Energy ENBI (keV)

Working gas
Magnetic shear

Rotational transform [1/q]

HJ

Helical axis

Heliotron

1.2
<0.25
1.25

4
<300

<700x2
<30 [H]
D

LOW
0.4~0.7

Flexible
Heliac

1.5
<0.22
0.95

4

<300 x2

<700x2
<40 [H]
H

LOW
0.9~2.2

LHD

Planar axis
Heliotron

3.9

<0.65
<3.0

10

<600 (77GHz)*

<2000 x 3*
<80 [D]*
D

HIGH
0.3 ~ 1.5 [high s]

* For our experiments

IAEA-FEC2018P05/21



9] Dependence of GAE upon EC-driven Current

v GAE amplitude

@® N/=0.03 .
B /=000 decreases with
¢ V=00 GAEs (m/n=4/2) W N/-0.00 ~ 0.56 . -
A N/=0.10 ¢ N/=0.05 L .
g LT N0% | <ne>-0.7x1019 () | § MY increasing .
. [TrrrrrrrT [rrrrrrrrt [rrrrrrroT 10 [rrrrrrrrt [rrrrrrrrT ]
[ < decrease 1 ! 1t ! increase 1 —] v Mode frequency and
. I | i L
0.20 k- : 1F . A : position do not change
7 : o | AGAEs so much == growth
T 015} ol NI 1Fmm (m/n=-/0)- rate should remain
~ | | -
ol : * 1t | unchanged.
& 0.10F T 1m | ]
: o Mo | 11 o R 1 v When [, > 0.5 (kA),
0.05 | A 1 f‘ T other GAEs are
000 e o T cgnoccnaionar] | 1. packgorund Lever appeared and also
00 Ly TR TETTETTET | MR T TR .
1.0 -0.5 0.0 05 -05 0.0 0.5 1.0 .decreas.e with
I, (KA) l, (kA) increasing [,.

yamamoto.satoshi.6n@kyoto-u.ac.jp IAEA-FEC2018T08/21



Q& ECCD Modify Configuration in TJ-II

z(cm)

. X
S

-40
-60 | .
80 FECCD N”=0.2 -
W 30 20 1 0 10 2 1 4

¢ (deg)

v Co-NBI: 30 kV / 0.7 MW /HO (/v ~ 0.2 - 0.3)

yamamoto.satoshi.6n@kyoto-u.ac.jp

Rotational transform

1.8
1.7}

1.6}

1.5

—vacuum

——NBI+ECH |1

——NBI+ECCD |

3 5/3]

Ctr,ECCD  m/n=2/3

14t
0.0 0.2 04 0.6 0.8 1.0

g2_tj2_STD_bd00id+00_pro2.qpc

/
-+ No NBC[S gompensation

v" Two ECH (ECH1 & ECH2). Pgcry = 250 kKW each.
v" On-axis ctr.-ECCD (N, = 0.2) induces ~ - 0.5 ~ -1.0 kA, decreases iota.

v" Change of rotational transform -—» impacts on shear Alfvén spectra

IAEA-FEC2018P11/21



i Impact of ECCD on AEs in TJ-1I

[}
a

N0 - S —— % HAE amplitude
= : = _"I"'I"'I"'I"'_ _— ]
#44272 : =& _NBIEGCD (#4ao7s) |
_— 400 —NBI:ECCD g
N
= . s ) R o 02
~— 48 o
g ' SN : E X 18
S 200 - e N Tl @ 1
> - = = =3 — : : ¥ 3 o4 15
[J] - - - 13 1
& e tah 1.5 --ffmmmmmmmme e i ‘ M
100 e , _ ' ! -5 | il LN 1z
500 BTV o e e e ' 00 02 04 06 0810 1.15 1.2 1.
’N" S s T time (s)

v Targets SR not GAE but HAE in TJ-Il.

% 300 v' ECCD decreases I, composed of BS
§ 100 and NBCD.
£ v' Continuous HAEs in ECCD+NBI.

- - - - v Bursting HAEs in ECH+NBI.

0

2.0

1.0E & e e v

] S v Increases shear induces increase of
114 146 148 120 122 124 1.28 HAE amplitude.

yamamoto.satoshi.6n@kyoto-u.ac.jp IAEA-FEC2018P12/21



(J" Change in Shear Alfvén Spectra in TJ-II

- freq [n=0-9] (kHz) - freq [n=0-9] (kHz) V

- freq [n=10-19] (kHz) - freq [n=10-19] (kHz)
- freq [n=20-29] (kHz) . - freq [n=20-29] (kHz) .
eal= ] o Fmsosaotinto e8] nimioeaxoticos
500 AL TAVED. LI Ll LAY 500 - N 7// i RNV I BTG
S5 Non-ECCD (ECH) § X
400 |- = () 400 [ 4
N [ 4| /N N
T Y/ V- 18|l T J T
< 300 | i 18 | e |] = 300 | 15
g / : N_ —— NBI+ECCD § : §
o NEE NP = od ol p U . Ik
g 200 | A 12 Non-ECCD 2 200 | = /.0"‘-‘
s | ANIHE S16f 8 \
w ! ' 1. = g W Q l& AM 1S
100 [ : : 100 f "’7‘“’
L D R ) : f "“// \\,'4 W e
0 L. SN p A L 12 14 ’ E—: 0 Lo iti A(‘}"O/ A!‘i'lg‘l i g
0 02 04 06 08 1 i W I | 0O 02 04 06 08 1
r/a 0-0 . . 0.6 0-8 1 -0 r/a
v HAEs exist in SAS in both cases. r/a STELLGAP/AE3D calculation

v' Small change in iota lead to change in SAS structure, especially for HAE gap.
v' Change in SAS by EC-driven current contributes to suppression of AEs.

yamamoto.satoshi.6n@kyoto-u.ac.jp IAEA-FEC2018P13/21



Mode width of the resistive interchange mode

Typical displacement of the Interchange Mode

: . . . ¢ 1/3 Bk, 1/6
(c) ow ~ 552 Ly

S : Magnetic Reynolds
Number ocT, 3/2 n /2

N
S : Magnetic shear

~

—_— £~r
0.0 0.2 o'.4po'.6 0.8 1.0

-0.5 . ; . - g
- ;E; . . . « Mode width of the resistive
S AR, @ interchange mode depends on the
T N N magnetic Reynold’s number S.
S oo 2\0;1\9;\\"‘ o s
g —2:0 =] Tee, T, _ _ _ _
g | o “~__ 4+ Mode width is narrower with higher
g ||m Ao ~ electron temperature.

=3. .0 45 50 55 6.0 65 7.0 7.5 8.0

logS
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EIC behavior with RMP field (m/n = 1/1)

= 135209(wo/RMP) / 135245 (w/RMP) ' (A)S
8001 Wp [kW 60/
600F- NBI#4 4 3
400E—NBT#5 3 240
200F I
C - 20 i
6 B
I EIC IS )Z 0l
4 -magnetic fluctuations
- 3 i
S
I LS LA g 2
2 —neutron emission / = w N ‘6’
rate 10" 1/s] __~ = N
0 Wmmmwmmwmm
0

Tirne [s] 25 30 35 40 45 50

R[m
Total neutron emission rate is not changed. Bulk plasma profile is not changed as well.

Application of the RMP field is effective to control the EIC. The mechanism has
not been clarified so far.

Energetic particles (perp) are less affected by the RMP since the orbit is m/n =
1/5 type and do not resonant with RMP field.

Change of the stability of the resistive interchange mode with RMP and or
change of the pressure gradient of EP (parallel component) might cause this
suppression. 3



Penetration of the RMP field and MHD instability

10 Penetration

0.5

sem bk udoar UL A

lene/ B, (KAIT)

05F

10 Penetration

1.0 1.5 2.0
1 (du/dp)

When the external field is applied,
field is shielded with small field.
External field penetrates the plasma
and make magnetic island(m/n = 1/1).

10 e ﬁ"iuwﬂ'a
.. ® eop . dia ' i P
059 - 14
b n (10" m?) 2
O +— 0
' dT /dr_ (keV/m)
5 " l n ; p'- 0.88 7
| T 1 - ' =
2 g
- | . b, /B, (10%)
0 ]—I-l———o——
o f,, (kHz) 1
2 .
:' ' ‘ e-diamag. .
0 200 400
I _(AIT)

LID

« RMP application affects the resistive interchange mode.

« When the field penetrates and pressure gradient is reduced (island formation),
resistive interchange modes disappear.

« Even the external field is partly shielded, MHD activities are suppressed to

some extent.

2
f - 180A/T {A
; —0-220A/T B
I —=~330A/T {C
[ [ ]
x 1L _
I—m [
0- ........ Leiissiai Leiissian Laiisiis
3.8 4 42 44 46
R (m)

Case A: magnetic
island is formed.

S. Sakakibara et al., Proc.
in 33th EPS, Rome, Jun.
2006 ECA Vol. 301, p-
4.113 (2006).
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freq [kHz]

10+

o]

Can not be explained by the orbit effect

(A)

@ without RMP
with RMP

410

420 430 440

R[m]

450

Deviation [m]

(82)

Deviation [m]

Inward

Std.Dev.=0.014

Deuteron with RMP

Qutward
-150 -125 -100 -075 -050 -025 0.00
Poloidal Angle [/pi]

025 0.50

Though the detailed orbit is slightly perturbed if we compare the Fig.
(B1) and Fig. (B2), this perturbation is much smaller than the typical
size of the banana like orbit of the EP. It is, therefore, not likely this
stabilization is caused by the change of the EP orbit.
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Profile with and without RMP

10001 135209 W/RMP o/RMP
— 135245 %
= 500, .
2 « Bulk pressure profile is almost

0 identical with RMP and
3.0 3.5 4.0 4.5 5.0 without RMP.

Time [s]
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High central ion temperature with less EIC events

10.5 l . _— l — 11

10

® Less EIC lg
10.0 result in i=
high Ti0 18
— 7 =
> 9.5+ ’ o ©® v
v, 6 2
= @) )
= @) Qo
X w® ® > O
s 90} 0% o =
o€ 2 ° g
o p ® [ 4 ® 35
8.5| O o @ 2 =

. pUS" oo
® o = o® é 1
8.9 ® . eo , . _ { 0
.8 0.9 1.0 1.1 1.2 1.3 1.4

ne_bar[10Ym—3]

The effect on the core plasma has not been fully understood since
only the energetic particles in the edge region are affected by the

EIC. However, In order to achieve high central temperature,
reduction of the EIC is needed. = Control of the EIC is required.
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