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It is known that in plasmas with a magnetic field the Hall dectric field is generated at the expense of the charge
separation on the magnetic Debye radius r ="B‘ /(4pene)- In addition, the plasma current equilibrium can arise, where

the charged particles are drifting in the crossed electric and magnetic fields. Such a situation can be redlized in
tokamaks as a result of the ionization processes for the beams of the energetic neutral particles that are injected in
tokamaksin order to increase the plasma density and temperature. In this presentation, the generation of the resonance
instability for the azimutha drifting flux of theions and dectrons crosswise to the strong magnetic field is considered.
In this case, the generation of the resonance instability by the account of the ion inertia is obtained for the fast
magnetosonic oscillations by w>>wy, [w, = z@é‘/(mic) is the ion cyclotron frequency], when the resonance condition

W- kv, = W, (Wpi =g ,Wﬁi + kfcz) isvalid for some points (o is the oscillation frequency, Vo is the beam velocity
of the charged particles, k £r;* is the oscillation wave vector, w is the ion plasma frequency). The considered

instability corresponds to the parameter range 4pn,m;,c” >>B? >>4pn,m,cv,,-

PACS: 52.30.Ex, 52.35.We, 52.55.-s

1. INTRODUCTION

The problem of the plasma heating and the equilibrium
confinement in tokamaks is the main problem in the
project ITER [1]. Asit follows from [1,2], the problem of
the stable equilibrium itself and in particular the problem
of the ELM generation in tokamaks, as yet, far enough
from the complete resolution. It is not ruled out that it is
just the inclusion of this problem in the complicated
numerical codes which is not favorable for the elucidation
of the ELM mechanism. In the presented paper the
attempt is made by way of example for the cylindrica
model of the tokamak to consider the resonance instability
which arises quite naturally by the propagation through
plasma of the energetic particles flux. The instability
considered is suggested as the physical mechanism of the
ELM. In this case, the energetic particles can be generated
as aresult of theionization of the neutral particles fluxes,
which usualy used for the increasing of the plasma
density and temperature in tokamaks [1]. It is known, that
by the injection of the charged particles of the high energy
in the plasma with the magnetic field the propagation of
this beams on the account of the Hall electric field [3,4]
arises. In the case of the plasma cylinder with the
longitudina magnetic field B, due to the absence of the
unidirectional stationary azimuthal electric field E; the
azimutha particle drift on the account of the radial
eectric field E, arises. Thus, in contrast to the considered
in [5] plane case, in the cylindrical geometry by the
presence of the longitudinal magnetic field the drifting
rotation of the plasma flux occurs. One can show that the
drift plasma fluxes turn out to be unstable relative to the
fast magnetosonic oscillations near the lower hybrid
range of frequency. In addition, the characteristic sze
scale of these oscillations is about the magnetic Debye
radius r, =B/(4pen,). The presented ingability is
proposed as the ELM — generation mechanism.

2. THE MAIN EQUATIONS

Further on, the case will be considered when the energy
of the injected particles is essentially larger than the
thermal energies of the tokamak particles, so the particles
temperatures will not be taken into account. Therefore, for
the describing of the ion and eectron motion in the strong
electric and magnetic fields the relativistic equations for
the cold particles are used

dI ) r z e r
pEVI :ZeieE+ < [\r/ei ’ B] (1)
dt ' o '
and Maxwell equations
. r
[N” B] :@(Zini\r/i - neve)+}E’
c c

- =P Re E], |§|><IIE=4pe(zini -n). (@

! . . "
Here V., is the electron and ion velocities,

be,i = gne,i\lle,i' g:]/\/]-' Vci,i/c2 , Ng; are the

electron Iand ion densities, z isI the ion charge number,
z.=-1, E is thedectricfield, B is the magnetic field.

3. THE DERIVATION OF THE DISPERSION
RELATION FOR THE RESONANCE
INSTABILITY OF THE DRIFT FLUX OF IONS
AND ELECTRONS

In the considered frequency range, the large electron
mobility along the magnetic field By is of the essentid
importance. Then by neglecting the electron inertiaiin the
transverse direction one can obtain the foll owing equation
relative Ey in the WKB approximation (see aso [6]):
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Here, one can consider that the spatial region Ar, where
the drifting flux settles down, corresponds to the
characteristic radius ro>> Ar, what alows to neglect the
cylindrica effects. In the following presentation, because

of the inequality |k,|<<|k,|, one can consider that
ky/k =sign(k,) and W=W- sign(k,)v,

4. THE RESONANCE PLASMA INSTABILITY
FOR THE AZIMUTHAL DRIFTING FLUX OF
IONS AND ELECTRONS

From the equation (3) one can see that the effective
interaction of the drifting flux with the electromagnetic
oscillations occurs in the poles, where w- k v, =W,

(\,—\,pi =gt /W; +k2c? ) Here, the values vo and W,

are determined by the ion flux parameters, and the
frequency o is determined by the ground plasma Of
course, the drifting flux goes through the ground plasma.
However, in the caculations the drifting fluxes and the
ground plasma will be spatialy separated. This procedure
results in the diminishing of the instability increment
without any change of the physical mechanism.

By the further investigations within the frame of the
Eq.(3), we take approach from that used in the paper [7].
As one can see from the Figure, in the region of the

azimuthal flux there exists the pole-pole well (§l 'S, ) ,
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The plasma velocity profileand the contour in the
complex plane

and in the region of the ground plasma there exists the
zero —zero well (s1,s;). Both these regions correspond to

the negative values of K¢ (S) . For the construction of the
perturbations that go to zero by S® ¥ , one must use

4

the Landau rule when one should add to the frequency ©
the small positive imaginary quantity: W® w+ie,
wheree > 0.

With this procedure in mind, the electric field E, that by

s< Re(§l) to the left of the pole potential well (§l,§2)
goesto zero and isequal to

E, =B opigk,ds (4
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after the passage through the pole S, is transformed
inside the pole potential well (§l,§2) into the traveling

wave [7]
[k ]1,4 peQO/ (s)ds- —‘u (5)

that after the passage through the pole S2 for
s> Re(§2 ) turns to the exponentially increasing solution

by the moving away from the S, . In this case, by the
sewing the solution, that increases by the going away
from the pole S,, with the exponentialy descending
solution to left of the potential well (§l,§2) for

S, <S<s,, one can obtain the connection condition
between the coefficients A and B
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In addition, because of the exponentialy weak
connection between oscillations in the regions (§1,§2)

and (Sl ' SZ) the dispersion relation is determined by the
equation

01&/- k2(s) =

Now, mult| plying equation (3) by the complex conjugate
electric field amplitude E; and then subtracting from the

obtained expression the complex conjugated quantity, one
can arrive, after the integration with respect to s, a the
following relation:

A expg Zs&o(s)dsg- (6)
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Thus, the ingtability there exists, when sign(\7\/) has the

opposite valuesin the potential wells (5,,5,) and (s,,s, )
This is the case, when Re(W) >0 for the ground plasma

ko __ 2. Re(W)+ RelWL ,

TReW

and Re( )< 0 for thedrifting flux of ionsand eectrons.

This relation gives for the ion beams with the density
ne ~ 10" cm™ theincrement  Im(Ww)~ 10° s*.



5. CONCLUSIONS

Within the framework of the investigated instability one
can explain the relaxation oscillations that arise by the
generation of the ELM disturbances [1]. Indeed, the
considered instability is determined by the resonance
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condition W- K V, = *W,;, where the value of o is

somewhat less than the ion plasma frequency that
corresponds to the ground plasma. By the arising of the
ELM perturbations, the density decrease of the ground
plasma in the edge region occurs what results in the
decrease of the ion plasma frequency and the vaue of ©
itself. This must lead to the violation of the resonance
condition and also to the termination of the instability. As
a result, the plasma density increases and the ELM
generation arises anew.
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0 BO3BMO’KHOCTH PE30OHAHCHOI'O MEXAHU3MA I'EHEPALIMU ELM
PN NTH)KEKIINH TYYKA HEUTPAJIbBHBIX YACTHUI] B TOKAMAK

A.B. I'opoees

H3BecTHO, UTO B IU1a3Me C MarHUTHBIM TIOJIEM TeHEpPALHs XOJUIOBCKOTO SJIEKTPHIECKOTO MO 33 CUET pas/ieieHNs 3apsIioB
I
TPOHMCXOJUT Ha MArHUTHOM JICOACBCKOM pajHyce . = ‘B‘ /(4pen ) - 1pu 5TOM BO3MOKHO 00pa3oBaHye IIIa3MEHHOTO TOKOBOT'O
e

PABHOBECHS], TJIE 3aPSHKEHHBIE YACTUIBI IPEH(YIOT B CKPEMIEHHBIX SJICKTPMYECKOM M MATHMTHOM TOJISIX. Takas CHTyauws
MOKET OBbITh Pean3oBaHa B TOKAMakaX B PE3yJbTaTe MPOLECCOB MOHM3AIMHM ITyYKa JHEPIHYHBIX HEMTPAIbHBIX YacTHII,
MIDKEKTHPYEMBIX B TOKAMaKH, C LEJIbI0 YBEIMYEHHs TUIOTHOCTH IUIa3Mbl M €€ TeMIlepaTypbl. PaccMOTpeHa TreHeparms
PE30HAHCHOI HEYCTOHYMBOCTH a3UMYTaIbHBIX TIOTOKOB MOHOB H 3JIEKTPOHOB, JPEi(yIONMX MONEPEK CHIIHOTO MarHUTHOTO
nosst. B 3ToM cilydae pe3oHaHCHasi HEYCTOMYMBOCT MOJTydeHa C y4ETOM HHEPIMH HOHOB Ha BETBH OBICTPBIX MATHUTO3BYKOBBIX
KoneGaHuii mpu W >> W, [w, = zi#é‘ / (m,c) - MOHHAY LMKIOTPOHHA YACTOTa], [1e PE3OHAHCHOE ycIoBHe W- KV, = W

(\T\/pi = g(’)l /Wﬁi + kfc2 ) BBITIOJIHSIETCSI B HEKOTOPBIX TOUKAX (0 - 4acToTa KojebaHuit, Vo- apeiidoBast CKOpOCTh 3apsuKeHHbIX

4acTll, k £r;" - BOJNHOBOH BEKTOp KONEOaHWi, Wy - TUIa3MEHHAss HOHHAs yactora). PacCMOTpeHHasl HEYCTOWYHBOCTh

COOTBETCTBYET 0OMIACTH apaMeTpoB  4pn, m.c” >>B? >>4pn,m.cv, .

PO MOXKJIUBOCTI PE3OHAHCHOI'O MEXAHI3MY TEHEPAIIIL ELM
IPY THXKEKITI ITYYKA HEUTPAJIbHUX YACTOK Y TOKAMAK

O.B. I'opoces
Bimomo, mo B mia3mi 3 MarHiTHAM IOJIEM TEHEpAIlisi XOJUIOBCHKOTO EJICKTPUYHOrO IO 32 PAXYHOK TOAUTY 3apsiiiB

BiIOyBAa€THCSI HA MarHiTHOMY J€0a€BCHKOMY pajiyci I :‘é‘ /(4pen ) IIpy npOMy MOXIMBO YTBOPEHHSI IUIA3MOBOi TOKOBOL

PpiBHOBary, e 3apsypKeHi YacTKU Apei(yIOTh Y CXPEIICHHX EIEKTPHYHOMY 1 MarHiTHOMy noJisix. Taka cuTyaris Moxe OyTn
peajtizoBaHa B TOKaMaKax SIK HACIJIJIOK IPOLIECIB 10HI3ami{ ITydKka eHepriifHIX HEUTPAIbHUX YaCTOK, IHKEKTYEMUX Y TOKaMaKH, 3
METOI0 MIJBUILIEHHS I'YCTHHM IUTa3MHu 1 1i Temmeparypy. Po3misiHyTo reHepaliiio pe30HAHCHOI HECTIMKOCTI a3uMyTalbHHX
TIOTOKIB 1OHIB 1 €IEKTPOHIB, 110 Apel(yIOTh MOMepeK CHIBHOIO MarHiTHOrO ITOJsl. Y IIhOMY BHIIAJIKY PE30HAHCHA HECTIMKICTH

OTPUMAHa 3a ypaxyBaHHsM iHEpLi iOHIB y 30Hi IBHIKMX MarHiTO3BYKOBMX KOJHMBaHb IIpH W >> W, [wy =z, %B‘ / (mi C) -

. — 1 . 2.2
10HHA [MKJIOTPOHHA YacTOTa], /I PE30HAHCHA yMoBa W - kV0 = ini (Wpi =0y (W, t k;c ) BUKOHYETBCS B JESIKUX
TOUYKax (® - YacToTa KOJIMBaHb, Vo - ApeidoBa MIBUIKICTh 3apS/HKEHIX YacToK, K £ r;' - XBWIHOBHH BEKTOP KOJIMBAHb, Wy; -

IIa3MOBa i0HHA 4acToTa). Po3risHyTa HeCTIHKICTb Bi/ioBinae o0nacti napameTpis  4pn, m, c?>>B? >> dpn,m,cv,, -



