INFLUENCE OF AN EXTERNAL LOW FREQUENCY HELICAL

PERTURBATION ON BALLOONING MODES
IM. Pankratov, A.Ya. Omelchenko

Institute of Plasma Physics,

National Science Center “Kharkov Institute of Physics and Technology”,

61108 Kharkov, Ukraine, E-mail: pankratov@kipt.kharkov.ua

Equations for investigation of the influence of external helical magnetic perturbations on the ballooning modes are
derived in one-fluid MHD with the plasma response and rotation being taken into account.

PACS: 52.35.Bj, 52.55.Fa

1. INTRODUCTION

ELMs (edge localized modes) are short bursts of
particles and energy at the tokamak edge plasma observed
in H-mode operations (JET, ASDEX-U, DIII-D) [1]. As
results of these bursts the melting, erosion and
evaporation of divertor target plates may occur. This
problem is also important for ITER [2].

The suppression of ELMs by external helical magnetic
perturbations in H-mode of DIII-D was observed [3,4].

ELMs modes are studied using MHD (ballooning and
peeling modes) mostly without the external helical
magnetic perturbations [5]. Note, the ELMs suppression
is not predicted by stochastic layer transport theory taking
in account the external magnetic perturbations [4].

Until now, understanding of the underlying physics of
ELMs and their suppressions has been far from being
complete. In the paper, one-fluid MHD ballooning mode
equations are derived with the external helical perturba-
tions. The plasma response and rotation take into account.

2. BASIC EQUATIONS
We start from the one-fluid MHD equations

where P is the plasma mass densities, P is the plasma

pressure, J is the current density, 7; is the ion

gyroviscosity tensor, respectively.
We consider a current carrying toroidal plasma with

nested equilibrium circular magnetic surfaces (¢ is the
radius of the magnetic surfaces, @ ¢ is the poloidal angle

in the cross-section { = const ( is the toroidal angle).
Each magnetic surface is shifted with respect to the
magnetic axis (¢ is the shift, R is the radius of the
magnetic axis). The equilibrium toroidal contravariant

component of the magnetic field, BS = ¢/ (ZIT \/g), is
large with respect to the poloidal one, Bg =)' / (27! \/E J ,
®' and Y are the radial derivatives of toroidal and
poloidal fluxes, respectively; g(a)= ¢ '/ X " s the safety
factor, Il = 1/q.

On each magnetic equilibrium surface (see, e.g. [6])
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Here We included the equilibrium poloidal plasma rotation
@/08)+ @ /d¢), with the velocity V(f due to existence of an equilibrium

Q= epl" - 0T+ y radial electric field and the ion diamagnetic drift; and the
equilibrium toroidal plasma rotation with a velocity v ,

Jo=\J tav/o0)/2nyg, 10
) '0 ( ' ) ) \/g ) (19) @ is the frequency of the external perturbation. In &' the
Jo = 1'/2n \/g , 0o = (Jo0By)/By, poloidal rotation is due to only of a radial electric field.
Y'@v /08)= 4n ch[) ((\/g)(o) - \/g) ’ We take perturbations in the form (see, e.g. [6])
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We consider a quadratic approx1mat10n in I/R. The
known expressions for metric tensor are used [6]. For

perturbations X gy, X, X.we have:
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.The Value of F(a)= mji(a)- n is equal to zero inside
the plasma, when ¢(a,.,)= m/n

3. DISCUSSIONS AND CONCLUSIONS
The derived equations allow to study the control of
ballooning modes in tokamak because the expression
ptBB/4r = 0,
perturbations will change pressure perturbation.
Expected result may be used to control the plasma

stability for experiments in tokamaks JET, DIII-D,
TEXTOR and future ITER operation.

REFERENCES
1. M. Becoulet, G. Huysmans, P. Thomas et al. Edge

localized modes control: experiment and theory // Journal
of Nuclear Materials. 2005, v. 337-339, N 3, p. 677-683.

External helical magnetic

2. P-H. Rebut. From JET to the reactor / Plasma Phys.
Control. Fusion. 2006, v.48, N12B, p. B1-B14.

3. T.E.Evans, R.A.Moyer, P.R.Thomas et al.
Suppression of large edge localized modes in high
confinement DIII-D plasmas with a stochastic magnetic
boundary//Phys.Rev.Letters. 2004, v. 92, N 23, p. 235003.
4. T. E. Evans, R.A. Moyer, K.H. Burrell et al. Edge
stability and transport control with resonant magnetic
perturbations in collisionless tokamak plasmas // Nature
Physics. 2006, v.2, N 6, p.419-423.

5. P.B. Snyder, H.R. Wilson, J.R. Ferron et al. ELMs and
constrains on the H-mode pedestal: peeling-ballooning
stability calculation and comparison with experiment //
Nuclear Fusion. 2004, v.44, N 2, p.320-328.

6. A.B. Mikhailovskii. Instabilities of plasma in magnetic
traps. Moscow: “Atomizdat”, 1978 (in Russian).

7. O.P. Pogutse, E.I. Yurchenko // Reviews of Plasma
Physics / Moscow: “Energoizdat”, 1982, v.11, p. 56-117
(in Russian).

Article received 8.10.08.

BJIMSTHUE BHEIITHEI'O HU3BKOYACTOTHOI'O BUHTOBOI'O BO3MYIEHUSA HA BAJIJIOHHBIE
MOJbI
HU.M. Ilankpamos, A.A. Omenvuenxo
B pamkax opHoxwuznkoctHo MI'Jl mosydeHbl ypaBHEHMs Uil M3YyYEHUs BJIMSHMS BHELIHETO HU3KOYACTOTHOTO
BHHTOBOT'O BO3MYIIEHHS Ha OAITIOHHBIE MOZBI C Y4E€TOM OTKIIMKA TUIA3Mbl M €€ BPAIICHHS.

BIIVIMB 30BHIINNHBOT'O HU3bKOYACTOTHOI'O T'BUHTOBOI'O 35YPEHHSA HA BAJIOHHI MO
IM. ITaukpamoes, A.Al. Omenvuenko
VY pamkax oaHopiamHHOT MI'J] oTpumaHi piBHSHHS /Jsi BUBUEHHS BIUIMBY 30BHIIIHBOIO HHU3bKOYACTOTHOTO
TBUHTOBOTO 30ypEeHHs Ha OalOHHI MOIHM 3 ypaXyBaHHAM BiATYKY IUIa3MH Ta ii 0OepTaHHS.
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