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ABSTRACT

Context. The solar atmosphere contains density irregularities of various sizes embedded in magnetic fields. In the case of a density
gradient perpendicular to the magnetic field vector, the plasma supports drift waves that are usually growing as a result of the free

energy stored in the density gradient.

Aims. Some basic features of the drift wave are discussed here and, in particular, the gyro-viscosity stress tensor effects and the prop-
erties of the diamagnetic drift. Also, the recently proposed “new” instability due to the diamagnetic drift is checked.
Methods. This analysis involves a calculation that considers some terms missing in previous calculations that have appeared in the

literature.

Results. It is shown that the diamagnetic drift, which is essential for the recently proposed new physical phenomenon, cannot con-
tribute to the flux in the continuity equation. Moreover, the part of the ion polarization drift contribution to the ion flux cancels out
exactly with the contribution of the part of the stress tensor drift to the same flux.

Conclusions. Thus, the ion diamagnetic current does not produce an instability in the solar corona.

Key words. Sun: corona — waves — instabilities

1. Introduction

Observations in the past have provided ample evidence of nu-
merous plasma density irregularities, filaments, and threads in
the magnetically dominated solar atmosphere. The most recent
Hinode observations (see e.g. De Pontieu et al. 2007) only con-
firm that the solar atmosphere is a highly structured and inhomo-
geneous system with grass-like density filaments of various sizes
pervading the whole domain. Such density irregularities are, as
a rule, associated with the magnetic field, thus creating a perfect
environment for the drift wave. Clearly, the observable charac-
teristic dimensions of the density irregularities are limited by the
presently available spatial resolutions of the current instruments
(presently a fraction of an arcsecond). However, even extremely
short, meter-size scales cannot be excluded, especially in the so-
lar corona (Vranjes & Poedts 2008); hence, the density inhomo-
geneity scale lengths may have any values from the meter size
up to thousands of kilometers in the case of coronal plumes.

In the past, the role of drift waves in the solar atmosphere
has either been overlooked or greatly underestimated. This may
be partly because the study of drift waves necessarily implies
a multi-component fluid or kinetic description, contrary to the
MHD (magnetohydrodynamics) model widely applied in solar
physics, within which the drift wave can simply not be obtained.
In fact, the drift mode is not only able to survive drastically dif-
ferent plasma characteristics such as the collisional-collisionless
extremes in the lower and upper solar atmosphere, respectively,
but in fact to benefit (grow) from each of them separately. As a
result the term ‘universally growing mode’ for the drift mode in
the literature.

In collisional plasma, such as in the lower solar chromo-
sphere, the mode grows thanks to electron collisions, and this

can be studied within the framework of the fluid description.
In collision-less plasma, such as in the solar corona, the mode
grows due to the electron resonant effects, and this is a purely
kinetic effect. All that is needed for the growth is simply the pres-
ence of density gradients perpendicular to the ambient magnetic
field vector. A plasma flow along the magnetic field, with a den-
sity gradient in the perpendicular direction (shear plasma flow)
can make the mode grow, as has been shown both within fluid
(Saleem et al. 2007) and kinetic theory (Kaneko et al. 2003).
The same holds for the case of a current directed along the
magnetic field vector (Goldston & Rutherford 1995) or in the
case of a perpendicular electron or ion temperature gradi-
ent (Goldston & Rutherford 1995; Weiland 2000), so numerous
experimentally verified ways exist to make the mode unsta-
ble/growing (see also Vranjes & Poedts 2009). The purpose of
the present work is to show, however, that the recently sug-
gested additional instability triggering mechanism, the diamag-
netic currents, cannot possibly make the mode growing.

2. Elements of the drift wave theory

Within the fluid description, the motion of ions and electrons is
described by

m;n; % + (v; - V)v,} = en; (=V¢ +v; X By)

—kT;Vn; =V -1I; (1)
and
0=-en,(-V¢ +v, X By) — kT, Vn,, 2)
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respectively. The shape of these equations reveals that we are
dealing with electrostatic perturbations, the hot ion effects are
included through the pressure and the gyro-viscosity stress ten-
sor terms, and the lefthand side of the electron momentum equa-
tion is omitted, implying perturbations with phase speed and a
perturbed velocity both far below the electron thermal velocity.

In certain parameter domains, the drift mode may become
electromagnetic (Vranjes & Poedts 2006), provided the plasma
B is large enough. This yields a coupling of the drift and the
kinetic Alfvén wave. However, as shown by Vranjes & Poedts
(2006), the Alfvén part of the mode is of no interest as it is
always damped by the collisions, so it will not be discussed
here. The usual gas viscosity is as a rule negligible even for
a relatively high-density environment like the photosphere and
chromosphere. More details are available in Vranjes & Poedts
(2006).

The ion gyro-viscous components that we need here are
given by (Weiland 2000)

I’l,‘KT,‘ 6v,<x 6055,
Hx = II X = A~ - s
Y Y 2Q; ( ox 0Oy )
nkT; (Oviy,  Ovjy
I, = -1l = .
W 2Q; (8x " 8y)

Here and below we have taken By = Bye_, and vfi = «kT;/m;.
The ion perpendicular velocity, obtained from Eq. (1), is
described by the following recurrent formula

1 xV ¢+U§i vani+ va'Hi
Vi, = —e; —e, e,
+ Bo + Q,' n; m,»n,Q,»
1 (0
+§(E +v,<-V)ez><v,¢. 3)

It can be calculated up to small terms of any order using the drift
approximation |0/0t| < €;.

2.1. Gyro-viscosity effects and “new instability” driven by ion
diamagnetic current

The ion gyro-viscosity is usually overlooked in the literature in
studies within the framework of the multi-component plasma
theory. For the solar plasma case, this may have particularly
important consequences because the ion and electron tempera-
tures are typically of the same order of magnitude, so that a cold
ion approximation and the consequent neglect of the ion gyro-
viscosity cannot be justified. In fact, such a neglect may even
give rise to some artificial, unphysical results, as shown below.

As a matter of fact, it is a well known (Weiland 2000;
Vranjes & Poedts 2006), yet often disregarded fact, that a part
of the ion gyro-viscosity stress tensor contributes to the cancella-
tion of some terms in the ion continuity equations. This implies
that, if the gyro-viscosity terms are omitted in the derivations,
the resulting ion equations contain terms that cannot possibly be
there. Moreover and unfortunately, these extra terms yield some
false physical effects. A typical example of that type can be seen
in the recent work (Mecheri & Marsch 2008) where the discov-
ery of a “new instability” of the drift wave was claimed as a
result of such an erroneous calculation.

The above-mentioned cancellation of terms appears when
Eq. (3) is substituted into the ion continuity equation on;/dt +
V., - (nwi) + V, - (njv;;) = 0. The cancellation involves, respec-
tively, the diamagnetic and polarization drifts from one side

2
Ui 5 Yalt : (% to;- V)eZ X i, )

U, = e; Uy =
Q; n M,
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and the stress tensor drift term v,; = e, X V - I1;/(m;n;€;) from
the other.

From the first expression in Eq. (4), it is seen that, as long as
the magnetic field is homogeneous, we have

2
V-,
V- (nj.) = éV - (e; X Vn;) =0, (5)

describing a well-known fundamental property (Weiland 2000).
Physically, this is because the diamagnetic drift is a fluid ef-
fect and not a particle drift, therefore it cannot contribute to the
flux in the continuity equation. It appears due to the gyration of
ion particles in the presence of a density gradient and without
any macroscopic motion of the ion guiding center. As a result,
this term does not contribute to the flux in the continuity equa-
tions. Howeyver, this term is essential in the mentioned work of
Mecheri & Marsch where, because of an inappropriate lineariza-
tion, it gives rise to the term (in their notation) (k - v4;)n;; (here,
U« = vg;) in the continuity equation (their Eq. (10)). It is exactly
this term that provides the source of the current-driven instabil-
ity discussed in the paper. We note, however, that, strictly speak-
ing, the magnetic field in the work of Mecheri and Marsch is
indeed inhomogeneous. Yet, precisely in this particular and es-
sential term (k - vy;)n 1, the magnetic field inhomogeneity is ex-
plicitly omitted as a higher order correction (cf. Eq. (13) and the
related text in their work), and consequently, the condition (5)
given above holds within the same approximation.

The mentioned cancellation of terms appears due to the con-
vective derivative part

(i - V)e: X v, (6)

in the polarization drift v,;. The procedure is described in de-
tail by Weiland (2000) and by Vranjes & Poedts (2006). Within
the approximation of small gradients of the equilibrium quanti-
ties, the last v;, in the convective derivative (6) contains only the
leading-order perturbed drifts from Eq. (3). On the other hand,
the first v; in (6) can only be the equilibrium ion diamagnetic
drift. This is then to be used in the term V_ - (np,;) in the conti-
nuity equation.

On the other hand, the (gyro-viscosity) stress tensor drift
term yields

V(o) =—pV nig - V20 —niopi ViV v, pi = v/ (7)

Within the second-order small terms approximation, the first
term on the righthand side in this expression cancels out exactly
with the term V- [n(v; - V)e, X v;, |, which is the contribution of
the convective derivative (6) discussed above in the polarization
drift.

We stress that the cancellation of terms is exact and valid
for any plasma regardless of any specific parameters, and this
includes the solar corona. Moreover, the analysis of drift waves
obtained from this formal fluid theory can also be easily obtained
by using the kinetic theory where the problem of the stress ten-
sor is not an issue (cf., references Weiland 2000, and Vranjes &
Poedts 2006).

However, if the derivation is performed incorrectly, e.g. by
simply ignoring the stress tensor contribution, then the resulting
equations contain some extra terms originating from the convec-
tive derivative in the ion polarization drift. For perturbations of
the form ~exp(—iwt + ik,y + ik.z) this implies terms like k - v.;,
which in reality cancel out exactly. These extra terms are in fact
explicitly seen throughout Mecheri & Marsch (2008), and are
erroneously claimed to produce a “new instability” of the drift
wave. We observe that the stress tensor contribution is included
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nowhere in the work of Mecheri & Marsch, so their equations
contain extra terms originating both from the polarization drift
and from condition (5) not being taken into account.

3. Summary

The importance of the drift wave in the solar atmosphere has
been pointed out, and the most important mechanisms that make
the mode grow are briefly mentioned. The diamagnetic drift
(current) plays an essential role in the description of the drift
wave. We have stressed that: (i) the diamagnetic drift is a fluid
effect and not a particle drift, therefore it cannot contribute to
the flux in the continuity equation; and (ii) a well-known cancel-
lation exists of the part of the ion polarization drift contribution
to the ion flux on the one hand and the contribution of the part of
the stress tensor drift to the same flux, on the other. Therefore, to
avoid artificial, unphysical results, great care is needed in studies
dealing with hot ion effects as in the case of the solar corona. We
have shown that the results presented in the work of Mecheri &
Marsch are an artifact of some basic errors in the starting set of
equations. Their equations indeed contain the terms that deter-
mine all the results obtained in the commented paper. However,
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those terms cancel out exactly due to Eq. (5) and due to the stress
tensor effect. This cancellation is valid in general and indepen-
dent of the physical system, and it must be taken into account in
a proper model.
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