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Magnetic curvature driven Rayleigh-Taylor instability revisited

O. A. Pokhotelovt and O. G. Onishchenkg:3

LAutomatic Control and Systems Engineering, University of Sheffield, Mappin str., S1 3JD Sheffield, UK
2|nstitute of Physics of the Earth, 10 B. Gruzinskaya str., 123995 Moscow, Russian Federation
3Space Research Institute, 84/32 Profsouznaya str., 117997 Moscow, Russian Federation

Received: 30 January 2011 — Revised: 15 February 2011 — Accepted: 17 February 2011 — Published: 23 February 2011

Abstract. The problem of incomplete finite ion Larmor ra- the nonlinear large-scale streamer-like (radially elongated)
dius (FLR) stabilization of the magnetic curvature driven structures and zonal-like flows are self-organized. Since pre-
Rayleigh-Taylor instability (RTI) in low beta plasma with ho- vious investigations of the flute waves were restricted to con-
mogeneous ion temperature is investigated. For this purpossideration of the long wavelength limit when the wave spa-
a model hydrodynamic description of nonlinear flute wavestial scalekll is sufficiently larger than the ion Larmor radius
with arbitrary spatial scales compared to the ion Larmor ra-p; the question how much the results will qualitatively and
dius is developed. It is shown that the RTI is not stabilized quantitatively change &t p; of the order one remains open.
by FLR effects in a plasma with cold electrons when the ra-Therefore, the investigation of flute waves with spatial scales
tio of characteristic spatial scale of the plasma inhomogeneeompared to the ion Larmor radius are of great importance
ity to local effective radius of curvature of the magnetic field for the interpretation of laboratory experiments as well as in
lines is larger than 1/4. The crucial role in the absence ofastrophysical observations.

the complete FLR stabilization plays the contribution of the  |n this paper we neglect the finite electron temperature ef-
compressibility of the polarization part of the ion velocity.  fects consideringe/ T; ~ 0, whereT, andT; are the electron

Keywords. Space plasma physics (Kinetic and MHD the- @nd ion temperatures, respectively.
ory) In what follows, we shall use a local Cartesian coordinate

system where the z-axis is along the external magnetic field
By, the x-axis is along the direction of the plasma inhomo-
geneity and the y-axis completes the triad. The dispersion
relation of the flute waves is

1 Introduction

Microturbulence of drift and particularly magnetic curva-

ture driven flute waves is believed to be plausibly respon-,,2 _ g,y + V% (1_ &) -0 1)
sible for the anomalous transport in magnetic confinement 2 WN

and astrophysical plasmas. Instability of magnetic curvature _

driven flute waves is a counterpart of the classic Rayleigh-Heréw is the wave frequencyyy =k-vy andw =k - v,
Taylor instability of innomogeneous fluid where the effective YN = —vripiky y is the equilibrium ion diamagnetic drift ve-
gravitational field is modeled by the centrifugal acceleration!0City andv. = —(vripi/R)j is the ion curvature driven ve-
of particles moving in curved magnetic field configurations '0City, R is the local effective radius of the magnetic field
those intrinsic to laboratory experiments. Nonlinear dynam-line curvaturek is the wave vectorsy = —dInno; /dx, no;
ics of the flute waves has been investigated in some recer{f the equilibrium ion number density, = vr; /w.; is the ion
papers (Das et al., 2001; Dastgeer et al., 2002; Kodama anamor radiuse; = e Bo/mi is the ion cyclotron frequency,
Pavlenko, 1988; Sandberg and Shukla, 2004; Sandberg et al7i = (_Ti/mi)l/z' mi ande are the ion mass and chargeis
2005; Sharma et al., 2007). Analytical investigations and nu-he unit vector along the y-axis =k p?, k7 =k +k3, ks

merical simulations show that in small-scale flute turbulence@ndk, are the components of the wave vector in the x- and
y-directions. The normalized RTI growth rate is

Correspondence ta®. A. Pokhotelov 12
BY (o.a.pokhotelov@sheffield.ac.uk) Y _ (1— —) . (2)

4o

Published by Copernicus Publications on behalf of the European Geosciences Union.

AnGeo Communicates


http://creativecommons.org/licenses/by/3.0/

412 0. A. Pokhotelov and O. G. Onishchenko: Rayleigh-Taylor instability

Here I' = (wyw./z)Y/? is the maximum value of the RTI of model hydrodynamic description developed by Kuvshi-

growth rate andr = w./wny = L/R whereL =1/ky is the  nov and Mikhailovskii (1996) and Onishchenko et al. (2008,

local scale of the plasma inhomogeneity. 2011). In the framework of such MHD the ion response is in
From Eq. @) one can see that the RTI is stabilized due to a good agreement with the fully kinetic approach.

finite Larmor radius (FLR) effects at all plasma parameters We decompose the ion velocity as

(at all values ofs). The cutoff value of; at whichy =0 P . p

whenz > z, equals Vi Vg +vip+ Vg + V. (6)

Here vip = (1/¢B2)(B x Vpj) is the ion diamagnetic drift

velocity, pj is the ion pressure,;z andvi% stand for the po-

larization parts of the ion velocity related to the drift veloci-

e = 4o. (3)

Dispersion relationX) and normalized growth rate2) in ‘ )
the approximations < 1 coincide with respective classical [€SvE andvip through the relations

relations for the flute waves in a gravity field (Roberts P 1 . P 1 .

and Taylor, 1962; Mikhailovskii, 1967) with the substitution “£ = (&xdivg) and vjp= w_a.(z xd;vip), )
v2./R =g, sO thatv. — vg = —g/wc;, Wherevg is the ion
gravitation drift velocity.

The main aim of this article is to reconsider the classi-
cal results on the magnetic curvature driven RTI. We will
show that the hydrodynamic theories of flute waves in a low-
B plasma at finitex should be modified. The manuscript is
organized as follows: a closed set of equations describing .o
nonlinear flute waves with arbitrary spatial scales is derived =~ — (VL1 ®:Vidn}=—aV, ®. (8)
in Sect. 2. Section 3 describes the results of the linear apy,

. . . ) . Hered;
proximation. Our discussion and conclusions are found in
Sect. 4.

whered, =09/0r+vg - V.
After substitution of the ion velocity6) into the ion con-
tinuity equation in the dimensionless form one finds that

o\ 9D
d:(1—V2)sn + (kN — 1/R) 5 —d V20

=03/t 4+ {D,...} — (1/R)d/dY, dn = fii/ngi, iii =

nj —ng; andng; are the perturbed and unperturbed ion num-

ber densities, respectively,= (3/10)v/w,; is dimensionless

dynamic collision viscosity and is the ion-ion collision fre-

2 Hydrodynamic description quency. In the large scale approximatﬁﬁ <<; the set of
Egs. 6) and @) corresponds to similar equations of Das et

We consider weakly inhomogeneous Igplasma of slab ~ al. (2001), Dastgeer et al. (2002) and Sandberg et al. (2005).

geometry immersed in an external magnetic fiBle= Bob,

whereb = [(1—x/R)z— (z/R)%], ¥ andZ are the unit vec- 3 | jnear dispersion relation

tors along the z- and x-axes. In the low-frequency approx-

imation, w;'d/dt < 1, whered/dt is the Lagrangian time In the linear approximation from Eg5) one can obtain the

derivative, we consider that the electron veloaty=vg,  response of normalized electron density perturbation to the

wherevy = B2E x B is the E x B drift velocity. The  perturbation of the electrostatic field

equation for the electron continuity is »

Sne=——, 9)

0 P, ®

—8ne— (VN — V) —— = p{ Wi {8ne, P}. 4) _

ot dy wherewy, = wy —w.. From Eq. 8) one can find the response

of normalized ion density perturbation to the electrostatic

Here Sne = fig/nge, ite = ne —nge and ng, are the per- ’ -
{ield potential

turbed and unperturbed electron number densities, respe

tively, ® =eq/T; is the normalized electrostatic potential, Wl z x
E| = V., the subscriptL denotes the vector compo- 7 =——"-®— 14z < - g) @, (10)
nent perpendicular to the ambient magnetic fi@dade, } = .
(98n6/dx)dD/dy — (98ne/dy)dd/dx is the Poisson bracket, Whereo™ =w—w.. _ o
with the use of Eqs9) and (L0) one can obtain the following
R A\ 0D i i i
ne n (IGN _ 1/R> 9% _ (on, @), (5) dispersion relation
T aY N o
2 c c
N A o —woy + 1+2){1-— | =0, 11
Hereiy =kypi, R=R/p and(f.g} = (3f/3X)dg/dY — vt )< aw) )
(af/ay)ag/ax_. We use the normalization with S|_olace—t|me and normalized growth rate
scaleso andw_; ", i.e., 7 =tw, and(X,Y) = (x,y)p; .
To describe the ions in the flute waves with arbitrary spa-y 12 1-40\"2
- : - L =(1-0)?(1-2 ) (12)
tial scales compared to the ion Larmor radius we make use- o
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