AN ANALYTICAL STUDY OF THE STRUCTURE OF TWO-DIMENSIONAL MAGNETOSTATIC
EQUILIBRIA IN THE PRESENCE OF GRAVITY

T.oAueri and J.J. Avry

Service d'Astrophysique - CEN Saclay
F-G1191 Gif-sur-Yvette Cedex - France

1 - INTI:ODUCTION
in  order Lo undevstund how  prominenhces ave  supported in the solar
we hdave recently deve oped  several 2D models describing x-invariant

AN

Dy oo nait-spacn {2z > 0} and sub-

corona,
equilibrium conligurations ¢f a plasima occup
aitted to a wagnstic ficly then of Lthe [

i
G

Bly.z) = B {y,c} %o+ SA(y.z) » x. (1)

and to a verticur gravitationul {.cla

re

g = " B¢ (g > 0). {

e  report here some resulis concerning three ol oacse models, vwhich ave bascd
on different assuwptions about Lthe wav matter is spalially distributed. The
detaily of the calculations and  refercaces Lo the current Lilerature on the

3

subjcct may be found in Amari {1988), and in Amar T oand Alw (1988a, 0. ¢

2 - MODEL 1: BQUILIBRIUM OF A MASSIVE FILAMENT [N A CONSTANT-c FORCE=-FREL-

the  systrm is cconfined  butween  Lae Lwo planes (v = 0 .27 (ur
v A

cguivaiently assumed Lo Lo y-periodic)

ii) all the plasma is condensed into a massive {iluament (density of
J;.U vz Y

miasis A por o ounit ot ngthy . iocoied along the ilne f{-o ¢ x <
v = Ny, an ownleh  an electric current of given intensity
N
1

cither paraliclly (¢ ar o antiparaliclly {¢ = -1, te t

. .

LI L)
it 2 0) is fiowing
< o= = he x-axis ;

-

iii} the aagneitic field oulside the ilament Ls a conslani-% {'oice-
free field: then B o= @A {o given) and A oleys the equation
SAA = wiA v {dmeljcy Sly; E{z-h) {53
ivi Aly,z) satistics the boundary conditions (8, > U is o constant!
N ;;U o VUL)("T‘J'/."\; t'o ‘L/i._ Y o8 Tl Ny
, 2y = G : wim Afy,z) = O (4

fixed on the boundury of the domaln osccupied

[N
¥

..o the nermal component of 8B is
é

by il plasama. Condicions {4} can be satis{red oniy if G < iw) ¢ /il
v) Lhe  filament s di cqueiipeium yLhe gravity force beilng balanced
by the Lorentz force) and then h is determined by soiving
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L, S 27, h . T, h .
har* Zo e " #vrt - eIB Lfcye ' = Aglc? (5)
pP=06
where Wﬁ = n?m /LY - of,

2.2 - Results

i} Equ. (9) admits one and only one solution for o (0 < lal < m/L)
and I (0 ¢ I < o) fixed {when € = -1, one needs to assume A # 0) ; when I (or
lxl) increases, our model does not exhibit any non-equilibrium phenomenon of
the  Kuperus-Van Trend (1981) type, with a loss of equilibrium of the filament
and its cruption ocutwards., It should be noted, however, that such an effect is
recovered if a more complex expression for A{y.o) is assumed (Démoulin and
Pricst, 1988)

ii) h is a strictly increasing function of I - with lim h = o - and a

T-0
strictly decreasing function of X
tii) for ¢ = +1, h 1is a strictly increasing function of lal - with
lim h=w - ; for € = -1, h increases with lal if X is smaller than some

la ] v/l
critical value A (lxl, 1), while it decreases with lol if X > AC(Ial,I) ;

C

iv) the topology of the projection of the field lines onto the plane
{x = 0} is as shown on Figure 1.

[ | | @ ]

0 =N

Figure 1: Topology of the lines in {x = 0}

a) € = +1;
b) € = -1, A < Al (lal,I), with A a computable

critical value;
c) € = -1, x> X (lal,I).

3 - MODEL 2: EQUILIBRIUM OF A MASSIVE CURRENT SHEET IN A CONSTANT-o FORCE-

3.1 - Assumptions
i) the system is confined between the two planes {y = *L/2} ;
ii) all the plasma is condensed into a massive current sheet (density

o per unit of surface), located along the strip {-9< x < +0 ; y = 0 ;
a <z < b}, in which an electric surface current of density j = (6€I/h?)(b-z)
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(z-a)x is flowing (¢ = +#1 ; I > 0 ; h = b-a) ;

iii) the magnetic field outside the sheet is a constant-a force-free
field : B, = oA and A obeys (X* = max(X,0)):

-0A = o*A + (2UmeI/h3c) (z-a)* (b-z)" & (y) (6)
iv) A satisfies the boundary conditions () ;
v) the sheet is in equilibrium, i.e.
2mog = (B B,)(0",z) for a <z <b (7)
In this model, actually, Equ. (7) is used to compute a value of ¢ consistent
with equilibrium when B corresponding to (a,b,€I,x) has been determined by
solving (6) ; of course, one must have o > 0 and this condition determines the
existence or non-existence of an equilibrium associated with given values of
these parameters.

3.2 - Results

Equation (6) may be solved analytically for A. Reporting the values
of the resulting magnetic field into (7), one then finds that:

i) for € = +1, the shcer cannot be in equilibrium ;

ii) for € = -1, the sheet can be in equilibrium only if
I <I (a,b,lxl), where I. is a computable critical value for 1 ; a conseguence
of this result is the existence of a maximal mass mc(a,b.lal) which can be
supported by the field when a, b, and lal are fixed.

We have also studied the topology of
the field lii. » in the plane {x = 0}
and shown that it is of the type shown
on Figurc 2 ("Kippenhahm-Schliter" type
topology) if IKI] (a,b,locl)<I_(a,b, lal),
while it Dbecomes more complex  if
I; CIKL IC, in which case neutral
points (where VA = 0) do appear in the
configuration.

-L12 0 L2

Figure 2: See text.

4 - MODEL 3: EQUILIBRIUM OF AN ISOTIIERMAL PLASMA IN {z > 0}

4.1 - Assumptions

i) the magnetic field is shearless: BX = 0 (the case Bx #z 0 is cur-
rently under study) ;

ii) A (and then Bz) is fixed on the boundary {z = 0}: A(y,o) = gly),
where g is a given non-negative function tending to zero at infinity ;

iii) the plasma is isothermal: T = ’I‘0 = given constant ; then, at
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