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It is known that in plasmas with a magnetic field the Hall electric field is generated at the expense of the charge
separation on the magnetic Debye radius ( )eB en4Br π=

r . 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 realized in
tokamaks as a result of the ionization processes for the beams of the energetic neutral particles that are injected in
tokamaks in order to increase the plasma density and temperature.  In this presentation, the generation of the resonance
instability for the azimuthal drifting flux of the ions and electrons 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

Biω>>ω  [ ( )cmBez iiBi

r

=ω  is the ion cyclotron frequency], when the resonance condition

pi0kv ω±=−ω ( )22
z

2
pi

1
0pi ck+ωγ=ω −  is valid for some points (  is the oscillation frequency,  v0 is  the beam velocity

of the charged particles, 1
Brk −≤  is the oscillation wave vector, ωpi is the ion plasma frequency). The considered

instability corresponds to the parameter range 0ii
22

ii cvmn4Bcmn4 π>>>>π .
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]. As it 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 cylindrical
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 a result of the ionization of the neutral particles’ fluxes,
which usually 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
longitudinal  magnetic field  Bz due to the absence of the
unidirectional  stationary azimuthal electric field Eθ the
azimuthal particle drift on the account of the radial
electric field Er  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 size
scale of these oscillations is about the magnetic Debye
radius ( )eB en4Br π= . The presented instability 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 electron motion in the strong
electric and magnetic fields the relativistic equations for
the cold particles are used
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Here i,evr  is the electron and ion velocities,

i,ei,ei,e vmp rr
γ= , 22

i,e cv11 r
−=γ , i,en  are the

electron  and ion densities, zi is the ion charge number,
ze = -1, E

r

 is  the electric field, B
r

 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 B0 is of the essential
importance. Then by neglecting the electron inertia in the
transverse direction one can obtain the following equation
relative E   in the WKB approximation (see also [6]):
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Here, one can consider that the spatial  region  r, where
the drifting flux settles down, corresponds to the
characteristic radius r0>> r, what allows to neglect the
cylindrical effects. In the following presentation, because
of the inequality θ<< kk z , one can consider that

( )θθ = ksignkk  and ( ) 0vksign~
θ−Ω=Ω .

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 pi0vk ω±=−ω θ ,

( )22
z

2
pi

1
0pi ck+ωγ=ω − . Here, the values v0 and piω

are determined by the ion flux parameters, and the
frequency  is determined by the ground plasma. Of
course, the drifting flux goes through the ground plasma.
However, in the calculations the drifting fluxes and the
ground plasma will be spatially 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 ( )21 s,s ,

The plasma  velocity profile and  the contour  in the
complex plane

and in the region of the ground plasma there exists the
zero – zero well  (s1,s2). Both these regions correspond to
the negative values of )s(k 2

0 . For the construction of the
perturbations that go to zero by ±∞→s , one must use

the Landau rule when one should add to the frequency 
the small positive imaginary quantity: ε+ω→ω i ,
where  > 0.
With this procedure in mind, the electric field E , that by

( )1sRes <  to the left of the pole potential well ( )21 s,s
goes to zero and is equal to
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after the passage through the pole 1s   is transformed

inside the pole potential well ( )21 s,s  into the traveling
wave [7]
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that after the passage through the pole 2s  for
( )2sRes >  turns to the exponentially increasing solution

by the moving away from the 2s . In this case, by the
sewing the solution, that increases by the going away
from the pole 2s , with the exponentially descending

solution to left of the potential well ( )21 s,s  for

12 sss << , one can obtain the connection condition
between the coefficients A and B
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 In addition, because of the exponentially weak
connection between oscillations in the regions ( )21 s,s
and ( )21 s,s  the dispersion relation is determined by the
equation
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Now, multiplying equation (3) by the complex conjugate
electric field amplitude *E θ  and then subtracting from the
obtained expression the complex conjugated quantity, one
can arrive, after the integration with respect to s, at the
following relation:
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Thus, the instability there exists, when ( )Ω~sign  has the
opposite values in the potential wells ( )21 s,s  and ( )21 s,s .
This is the case, when ( ) 0Re >Ω  for the ground plasma
and ( ) 0~Re <Ω  for  the drifting flux of ions and electrons.
This relation gives for the ion beams with the density
ne ~ 1011 cm-3 the increment ( )ΩIm ~ 108 s-1.
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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
condition pi0vk ω±=−ω θ , where the value of  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 value 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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