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DISCRETE ALFVEN WAVES IN SOLAR PROMINENCES: PRELIMINARY STUDIES

CARLOS A. DE AZEVEDO'3; ALTAIR S. DE ASSIS%3; HISATAKI SHIGUEOKAS
& PAULO H. SAKANAKA*

It is shown that the Discrete Alfvén wave can explain the natural oscillations of
solar prominences by considering the existence of a current flow. Discrete Alfvén
waves are a new class of Alfvén waves which is described by the inclusion of
finite ion cyclotron frequency (w/m¢j # 0) and/or the equilibrium plasma current.
In this paper we consider only the current effect since in prominences w/w¢j =~ 0.
We have modeled the prominences as a cylindrical plasma, surrounded by an
ideally conducting wall (corona), with L. >> a where L and a are the plasma
column length and radius, respectively. We have shown the spectrum of the
discrete Alfvén waves as function of the plasma current.

ONDAS DE ALFVEN DISCRETAS EM PROEMINENCIAS SOLARES:
ESTUDOS PRELIMINARES - E mostrado que a onda de Alfvén discreta po-
de explicar as oscilacGes naturais das proeminéncias solares ao considerar a exis-
téncia de uma corrente. Ondas de Alfvén discretas sdo uma nova classe das ondas
de Alfvén que € descrita pela incluséo da frequéncia ciclotrénica de fon (w/ogq #
0) e/ou devido a corrente de plasma. Neste trabalho consideramos somente o
efeito da corrente desde que em proeminéncias w/wgi = 0. O modelo utilizado pa-
ra proeminéncia € um plasma cilfndrico limitado por uma parede condutora (coro-
na) com L >> a, onde L e a séo, respectivamente, comprimento e raio da coluna
de plasma. Mostramos que o espectro das ondas de Alfvén discretas é uma fungido
da corrente de plasma.

1. INTRODUCTION prominences has yet appeared. The CGS system of
units is used throughout this paper.

In Section 2 we discuss the Alfvén wave
dispersion relation for the case of small magnetic

twist. In Section 3 we show the conclusions.

The discrete Alfvén waves are a new class of
Alfvén waves which is described by the inclusion of
the finite ion cyclotron frequency (w/wgj # 0) terms
and considering the equilibrium plasma current

(Appert & Vaclavik, 1987). These waves are sensitive
to the equilibrium magnetic field geometry.
Experimental (De Chambrier et al., 1982) and
numerical (Ross et al., 1982) results concerning the
antenna loading of tokamak plasmas show the
evidence of resonance peaks at frequencies just below
the Alfvén continuum (Appert et al., 1982a). The
resulting peaks are related to the excitation of discrete
eingenmodes of the Alfvén wave. In solar plasmas the
evidence of global oscillations that might be associated
with discrete Alfvén waves were reported by Balthazar
et al. (1986) and Kouthchmy et al. (1983).

Since it is reasonable to assume that a current is
flowing along the solar prominences (Tandberg-
Hansen, 1974) and that it allows the propagation of
the discrete Alfvén modes, we propose that this
propagation is the cause of the natural oscillations of
prominences. It should also be mentioned that no
completely convincing theory for oscillations in

2. ALFVEN WAVES IN A COLD CURRENT
CARRYING HOMOGENEOUS PLASMA:
SMALL TWIST (Bg / Bz << 1)

In this paper, we are interested in exploring the
possibility of the existence of these modes in the solar
prominences. Therefore, rather than introducing the
complicated magnetic field structure, we adopt a
simple model yet the essence of physics can be
brought out. We will show that, within MHD theory,
when a bounded plasma is assumed, there will be new
discrete modes besides the shear Alfvén and
magnetosonic modes with the angular frequency w a
little below the shear Alfvén frequency. The spectrum
of these modes depend on w/wgj and the plasma
current, as a first order quantity. We take as model for
the solar prominence a straight magnetized cylindrical
plasma with radius a and length L with current I
flowing along its length and surrounded by an ideally
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conducting wall (corona). Since in prominences ©/wgj
is very small we consider it as negligible, so wen can
use the MHD theory. We assume two components of
the magnetic field; one along the axis of the cylinder,
By, and the other in the azimuthal direction, Bgy. The
latter one is due to the plasma current. The magnetic
field lines are then twisted around the cylinder.

In this section we consider that the current is
relatively small (although in absolute value this may
be large) so that Bg/B, << 1, that is, the twist is
small.

Assuming the time and space dependence of the
perturbation quantities as f(r) exp [i(k »2 + mb - wt)],
in cylindrical coordinates, and using the approximation
d/r =~ ik, known as “WKB” approximation, Appert
et al. (1982b) reported the following dispersion
relation, for the small shear (or small twist) case:

[w? - kz/ v2A] [w2 - v2A (kl% + ki + kz/)] ’

(2Bgo/a)® k2, = B,

[0®-k2, v + 1=0, (1
7 A (k2 + k%) (4mpv)

where

k, = (m/r) B,o/Bg - k Bgo/Bg .

k, = kBzo/Bo + (m/r) Bgo/By
k =k, Bo/Byg - (/1) Byo/Byo

va = B/(4mw p)”z, Bgo = Bg(r=a),
p is the plasma mass density.

There are three eigenmodes, the first (the first
bracket) representing the shear Alfvén, the second
(second bracket) the magnetosonic and the last the
discrete Alfvén. Rewriting the dispersion relation of
the discrete Alfvén mode and setting it equal to zero
we have

»  (2Bgo/a)> k2, B,

2
w -
A2 +K2) (4mp v3)

w- =

(2)

where 0} = k2, v4 is the shear Alfvén wave angular
frequency.

For a better understanding of eq. (2) we can
write it as follows:

ol=0% {1- T —
al [_ﬁ] a2(k§+k2l)}

Assuming that

1/a = k, and k; = k,, we obtain:

02 = 03 [1 -2 [209)2) 3)

BZO

We see from eq. (3) that the shear in the
equilibrium magnetic field (Bgo # 0) produces a new
eigenmode for the cylindrical plasma, with the angular
frequency below the shear Alfvén frequency by a
factor [1 - 2(Bgo/Bz)?]. The shear term -2(Byg/Bgy)?
in actual prominence is not necessarily small which
means that we need numerical calculations to obtain
the dispersion relation for the discrete Alfvén wave.
This is the subject for the next paper.

Equation (3) is the main result of this section. We
can clearly see from this equation that the field twist
due to the plasma current will lower the Alfvén
frequency. The frequency mismatch Aw? = 03} - w2
could be a good index quantity to be used to calculate
the magnetic shear of the solar prominence, and so, the
plasma current along with it. In other words the
decrease of w is directly related to the increase of
current (that implies the increase of Bgy). It means
that, if the current flow in the prominence is increasing
in time, it might be possible to observe the decrease of
o in time. We might way that it is a good proposal to
observe the variation of @ with time since it could be a
nice way to diagnose the presence of currents in
prominences and also to infer their values. We have
clearly shown that the variations in ® is caused by
variations in the equilibrium current flow in the
prominence.

3. CONCLUSIONS

We have shown that the current flow in
prominences is responsible for the existence of the
discrete Alfvén wave as an eigenmode of that
structure. This new mode may explain the natural
oscillations of prominences with frequencies which
vary with the equilibrium current and lie below the
shear Alfvén continuum.

We have also shown that the frequency mismatch
between the lower edge of the Alfvén continuum and
the discrete Alfvén eigenfrequency increases as the
current increases and could be a good quantity to infer
the magnetic field twist of solar prominences.
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