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In the frame of one-fluid MHD a possibility of the pressure perturbation resonant excitation by external low
frequency helical magnetic perturbations near the plasma edge is shown. The plasma rotation plays the key role in this

phenomenon. The plasma response has being taken into account.

ballooning and peeling modes stability.
PACS: 52.35.Bj, 52.55.Fa

1. INTRODUCTION

Control of Edge Localized Modes (ELMs) is a critical
issue of the present day large tokamaks and future ITER
operation. ELMs are short bursts of particles and energy
at tokamak edge plasma observed in H-mode operation
[1, 2]. Melting, erosion and evaporation of divertor target
plates may occur as results of these bursts.

Many experiments in DIII-D have shown that ELMs
can be suppressed by small external low frequency helical
magnetic perturbations [3, 4]. Until now, understanding of
the underlying physics of ELMs and their suppressions
has been far from complete.

In Ref. [5] the influence of an external helical field on
the equilibrium of ideal plasma was investigated in the
frame of MHD theory. A perfect shielding of the external
resonant field was assumed.

In the present paper, a possibility of the pressure
perturbation resonant excitation by external low
frequency helical magnetic perturbations near the plasma
edge is shown. A perfect shielding is not assumed. This
pressure perturbation resonant excitation strongly depends
on a plasma rotation. The plasma response takes into
account.

Note, that ELM frequency dependence on the toroidal
rotation in JT-60U was shown [6].

These pressure perturbations may affect on the

and Ohm’s Law (o - conductivity)
J:O'(E+%[V><B]), (5)

where p is the plasma mass densities, p is the plasma

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

gyroviscosity tensor, respectively.

We consider a current carrying toroidal plasma with
nested equilibrium circular magnetic surfaces ( p, 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, By =(I)’/ (z;z\/g ), is

large with respect to the poloidal one, B(‘)g =y / (277\/_ ),
@' and y' are the radial derivatives of toroidal and
poloidal fluxes, respectively; g(a)=®'/ %' is the safety
factor, 4 =1/q. The known expressions for metric tensor

are used [7].
On each magnetic equilibrium surface (see, e.g. [7])
we introduce a straight magnetic field line coordinate
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where
L” =u(0/00)+(0/0¢g),
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Equilibrium parameters denotes by the subscript 0.

Assuming periodicity in both € and ¢, we take the
perlurbations in the form

(a,0.¢,t)= Zan

where o is the frequency of the external perturbation.

In our consideration all poloidal harmonic amplitudes
of perturbations have finite values. The amount of
poloidal harmonics with finite values of amplitudes
depends on the antenna spectrum (external perturbation).

Early the case was studied for one dominant poloidal
external mode and neighboring poloidal modes were
considered as small [8].

Using Eq. (9), Eq. (8) (derivatives with respect to
radius a denote by the prime) becomes
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InEq. (10) F (8)=mu—-n, B, (a)=d'/2xa,
B,,, (8) = 7'/27R, (aB}) +imaB; =0.

In the similar way from Eq. (2), using the parallel (with
respect to equilibrium magnetic field) momentum from
Eq. (1), we get for pressure perturbation (divV, #0)

the next equation:
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Here
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Q. (@) = 0,0, _?Fm @, ¢ =7,—" (I2)  We took into account the equilibrium poloidal plasma
rotation due to the existence of an equilibrium radia
Po ion d hi i f ilibri dial
_ B,. F, (a)V B,. m _E,, (13) electric field Eo, and the ion diamagnetic drift; and the
m = _B_o R U B_OECB_O’ parallel with respect to equilibrium magnetic field plasma
rotation with a velocityV, . Recall that Vo =Vg, +Vpam
' see, e.g. [7, 9]).
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im B R Y a‘“enB From the radial component of Faraday’s Law and
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Equations (10), (11) and (15) describe the affect of an  the nonresonant term y? +(c? /R*)F?(a) occurred.
external helical field on the ballooning and peeling modes For more typical situation, when
due to the direct change of the edge plasma pressure. This P ’
affect has a resonant character. a E,.
—F,(a)c, <<c—=,
3. DISCUSSIONS R 0
When the resonant excitation takes place, if
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the resonant excitation of pressure perturbation takes or
place. B,, F (a m . E
Note, that during the plasma eigenmodes stability a)z%[ mF\E ) 0H+;(C%— f)] (18)

analysis for a pressure perturbation (Eq. (1.98) of [10])
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Resonant conditions (17) and (18) useful to present in
next form, respectively:

E a
a)zkHVO” _kLC_Oa (19)
0
. E
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00 0

In the case w=0 (e.g. for DIII-D) resonant conditions
(17) and (18) convenient to present the next way:
a E,.(a)
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oll
0
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a E o)
—(u@)-n/myV, =(c=2-c—0). (22)
R(,U( ) Vo =( B, enOBO)
Note, that for DIII-D edge plasma parameters [3, 4] the
resonant conditions (21) and (22) may be realized.

4. CONCLUSIONS

A possibility of the pressure perturbation resonant
excitation by external low frequency helical magnetic
perturbations near the plasma edge is shown. This
phenomenon occurs during the plasma rotation. It may
affect on the ballooning and peeling modes excitation
because of a plasma pressure change.

The equations that describe this influence on the
ballooning and peeling modes excitation are derived on
the basis of MHD equations when all poloidal harmonic
amplitudes of external perturbations have finite values.
Plasma rotation and plasma response are taken into
account.

Expected result may be used for interpretation of the
plasma stability experiments in tokamaks JET, DIII-D,
TEXTOR and future ITER operation.
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O BO3MOKHOCTH PE3OHAHCHOI'O BO3BYKAEHUS BOSMYIIEHUA JABJIEHUA BHEITHUM
HN3KOYACTOTHBIM BUHTOBBIM I1OJIEM BBJIN3U KPAS ITIJIA3ZMbI

HU.M. IIauxkpamos, A.Al. Omenvuenko

B pamxax ogaOkmuaxoctHOo MI'J] moka3aHa BO3MOXKHOCTh PE30HAHCHOTO BO30YKICHHS BO3MYIICHUH TaBICHUS Y
Kpasl IUIa3Mbl BHEITHHMMH HH3KOYACTOTHBIMH BHUHTOBBIMH BO3MYIIEHHSMH MAarHUTHOTO MoJis. Bpamienue mia3smsl
UTpaeT KIIOYEBYIO POJIb B 3TOM SIBICHHHM. YYTEH OTKIHMK IJIa3Mbl. OTH BO3MYIICHHUS NaBIICHHS MOTYT BIHMATH Ha

yCTOﬁ‘{I/IBOCTb OaJJIOHHBIX U IMUJIUHI-MO/.

PO MOKJIUBICTb PEBOHAHCHOI'O 3BY/I’)KEHHS 35YPEHHS TUCKY 30BHIIIHIM
HU3bKOYACTOTHHUM I'BUHTOBHUM ITOJIEM BLISA KPAIO IIVIA3MHA

I.M. Ilankpamos, O.A. Omenvuenko

VY pamkax omHOpimuaHOI MI'J] OKa3aHa MOMIIUBICTh PE30HAHCHOTO 30y IKCHHS 30ypeHb THCKY OIS Kparo TUIa3Mu
30BHINIHIMA HU3bKOYACTOTHIMH TBHHTOBUMH 30YPEHHSMH MarHiTHOTO moyist. OOepTaHHs IUIa3MU  Biirpae KIFOUOBY
poib y oMy siBuILi. BpaxoBaHo Biaryk rurasmu. Lli 30ypeHHS THCKY MOXYTh BIUIMBATH Ha CTIHKICTh OaJOHHHX Ta

MTIHT-MOJI.
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