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Introduction

« Electron cyclotron current drive (ECCD) is considered to
be one of attractive methods to stabilize the neoclassical
tearing mode (NTM), which compensates the missing
bootstrap current in the magnetic island.

 The necessary EC power for complete stabilization is
estimated as high as 30MW in ITER. The reduction of EC

power and the determination of EC conditions will help
more reliable operation of high g plasmas without NTM.

 The nonlinear NTM physics is still yet understood well. It
Is necessary to understand the NTM physics such as the
excitation and the disappearance.
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Early ECCD is more effective to suppress 3/2 NTM.

o —|_ : m_l_<_ _|_| Q _ ..m».ﬁmn_xm.m.mv S 15 _mk_:_oom_ﬁm_.m_mﬁo_ﬂ.__._,_._.m“_m“w_mﬁo__‘n_v_ 6
igh B, y H-mode plasma : S icc=110GHz ARERRRARREAS
* 1,=1.5MA, B=3.66T, q45=3.8,
Png=20MW

« Only the m/n=3/2 mode is excited.
¢ Pgc=0-2.7MW

* lgc: 25kA/MW, 0.17MA/m? at g=3/2
* Rotation frequency: 10-12kHz

Early ECCD

1 11 _ 1 11 _ 1 11 _ 1 11 _ 1 11 o
0O 02 04 06 08 1
r/a

5 R[m]

Late ECCD

mﬁ%w (b) E41650

N W B

: Bl (a.u.) ]
o.oom.l _ _ A v .
[ i | 1 :
o.oo% A LA L SRS T ' 1, T e, 1 ! !
A I B IR L L B B B 30 ————— 11— 30
3 i% Power (MW) | 20 NBI 20
2F 1% Ve
1 EC . - EC
[ - ﬁ ol . o — 10 E .+ PRI R S [N T SR T SN (NN U U SN (N SRS T S T \‘
4000 5000 6000 7000 8000 9000 10000 11000 4000 5000 6000 7000 8000 9000 Aooco 1 \_ooo
Time (msec) Time (msec)

K. Nagasaki, et al., Nucl. Fusion 43 (2003) L7-L10



No
OUT-60

05— —
* The EC power for the complete suppression 0 e € e_,mw:o,_mg_m
of the m/n=3/2 mode is lower than in the late =’
ECCD 2. | Bdes
| = 3
- The stabilization effect becomes weak when =2 1)
the current location is deviated by about 0.1
half of the maximum magnetic island width. 0.055555% hbo m XN
Dependence on EC power Umum:am:nm on EC position
1 —
” F e Early ECCD 0. mW Maximum island <<_o_=_
| A Late ECCD|
0.6 ] T.4 m
G | ] 8 m +
= 2.3 |
= m [
ot - 0.2 |
0.2 | = P_=2.9M
. 0.1 e P_2.3M
” A PF1IM
0.0L

ccohm 0.50 0.55 0.60 0.65
b_.mw




Dependence on injection timing

* The T, perturbation measured with ECE is more suppressed as
the EC power is injected earlier.

* The T, perturbation decreases asymmetrically in the radial
direction. The magnetic island looks to decay from the smaller
radius position.
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Dependence on injection timing

Inner side

 When the ECCD is applied before the onset of [T Nz_._._.s onset
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2"d harmonic ECCD at high g, ELMy H-mode plasma

. ._.:m early ECCD is also effective in a high
performance plasma of §,~1.7, Hggp ~1.8,

Pn~=3-0 and Hggp, B\=5.

* The NB power for keeping B, is lower
when the 3/2 NTM is suppressed. 45°")

47°
» The stabilization effect is sensitive to the +°
EC current position as well as the
fundamental early ECCD.
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Numerical model

Modified Rutherford equation ECCD
u, dW e\ vel\ w L7 14 e\ 1 |term
ﬂﬂ =k A(W .VA_ﬂc_ v+ \:_..,,::h.,.b._,,A B \E W, ki€ B, o H.,_ - ﬂw A_db_ vﬂ .Al mo OOQQ
Classical Bootstrap GGJ
s \ t L, Ve o 1
—K i€, A_Q\*v TR Vi = D, A B v:: W >
_uo_m:Nmzoz ECCD
. " Geometry &
Physical values C : Additional .
urrent profile
at rational surface P current source Plasma profiles

1.5D tokamak simulation code ( TOPICS )
1D transport equations for density and temperatures
1D current diffusion equation
2D MHD equilibrium: Grad-Shafranov equation ( Fixed boundary )

Parameters of kgq, K5y w_oo_, kg are constant.
Value of W, depends on theoretical models to limit the parallel heat transport
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Parameter fitting
at NTM growing and stabilizing phases
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Estimated coefficients are consistent between the growing and
stabilizing phases.




The rational surface is moved by EC current, resulting - u
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 The power dependence in late ECCD agrees with the simulation.

 The EC power reduction for complete stabilization can be explained by
the simulation. The NTM starts to grow with larger seed island width.
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* The decrease of the bootstrap
current term and/or the
increase of classical tearing
parameter term may
contribute to the smaller
island width in early ECCD.
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Conclusion

« The stabilization of m=3/n=2 NTM has been studied experimentally
and theoretically in high g, ELMy H-mode plasmas on the JT-60U

tokamak.

 The early ECCD is more effective than the late ECCD, and the
critical EC timing is associated with the mode onset phase.

* The 3/2 NTM has been suppressed in a high g, ELMy H-mode
plasma of §,=3.0 by the second harmonic early ECCD. The
dependence on the EC current position is similar to the
fundamental ECCD stabilization.

* The simulation on the basis of the modified Rutherford equation
with 1.5D transport code and EC code well reproduce the time
evolution of the 3/2 NTM experimentally observed both at the
growing and stabilizing phases.

« The mode evolution can be explained by the simulation in late
ECCD case. The EC power reduction for complete stabilization in
early ECCD agrees with the simulation result.
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