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| ntroduction

We study the evolution of a three-layered fluid permeatedumriacal magnetic
field, where the middle layer is convectively stable but thpar and lower lay-
ers are unstable to convection. Such configuration is keigw exist in A-type

stars that have multiple convection zones near its surfd¢e lack of solid

boundaries allow fluid elements to overshoot from unstablstdble regions,
affecting transport and mixing processes in stellar iotsri Here we focus on
the effect of magnetic field strength on the convection andheninteraction

between the layers.

M odel

We consider a slab of fluid composed of three layers of equedripss and per-
meated by a vertical magnetic field. The governing equatiordimensionless
form, are
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together withl1- B = 0 andP = pT. Lengths are scaled by the deptlof each
layer; density and temperature py andTy, (values az = O, the top); time by
d/+/R.To whereR, is the gas constant; and magnetic fieldBaythe magnitude
of the initial uniform field. HereF = B5/R.TopoLlo, K = K/dpoCpy/R.To is the
dimensionless thermal diffusivity, the stress tensor arfd = ncpypo/K where

n is the magnetic diffusivity. The Chandrasekhar nun®er F /{,0k?, where

o Is the Prandtl number, is a measure of field strength rel&tiggffusion.

In this work we discuss three cases, nanf@hx 100, 500, 1000. Other param-
eters are fixedy = % ., 0=10,;(y=0.2; 6 =10. The three-layered structure
IS constructed by choosing thermal conductivity of the form
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andA = 0.1. The middle layer has polytropic index = 4 and the top and bot-
tom polytropic indexn; = m, = 1, making the latter two convectively unstable.
The basic state Is subject to random velocity perturbatmusevolved, subject

to
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and the domain taken to be periodicdandy with periodsx, = ym = 8.

Results

We discuss a comparison of the 3 cases below but we will bedhn avdis-
cussion of the intermediate case. Fig. 1 show horizonte¢slthrough each
layer forQ = 500. In the top layel3;, Is concentrated in circular and triangular
cells, corresponding to up-flow and down-flow regiongu. These regions
are are separated by rings of Id8y, and correspond to regions of lopu,.
The field structure iIs transported into the stable layer asveloy the slice at
z=1.5. Field lines may act as connection between the layers avida chan-
nels to guide particles from the unstable to stable regicowéver, increasing
field strength generally reduces motion, so in terms of @v@mnting there is a
competition between the two effects. In the mid-layer, ¢herno correlation
betweernpu, andB,. The hexagonal structure pu, is absent at = 1.5, but has
some similarity to that iz = 2.25. Increasing the field reduces over-shooting
from the top relative to that from the bottom.

L] L]

Fig. 1. Vertical component of magnetic field (top panel) and veltozampo-
nent of momentum (lower panel) in the horizontal plane at@&75,1.5,2.25
(left to right); for Q=500and t= 37.12

The effect of increasing from 100— 1000 is shown in Fig. 2. We see
convection patterns switch from the top layer to bottom. W@Qe= 100, large
convection cells dominate the top and correlate to up-flowrdflow regions
while the bottom has relatively uniford,. WhenQ = 500, the stronger field
reduces horizontal scales to produce hexagonal-typethalisiominate the top
layer. TheQ = 1000 case shows an almost inverted distribution of strectur
The bottom has magnetic structure with a horizontal scatepemable to that
for the top of theQ = 500 case, although the distribution is less ordered. Con
vection is predominantly in the bottom layer, the strongdfiednders the top

almost featureless with a nearly unifoBpand little vertical motion.
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Fig. 2. Relative distribution of vertical component of magnetitfienear the
top and bottom) and vertical component of momentum (sides).

~lg. 3 demonstrates the effect of magnetic field strengthheniriteraction
petween the three layers. There is, on average nonaerm the middle sta-
nle layer, so motion here is due to over-shooting plumes &ther convection
zone. The distribution of|pu,|) and(B?) is qualitatively similar forQ = 100
andQ = 500, but smaller amplitudes in the latter. In particularttheis more
suppressed iQ = 500 thanQ = 100. There is relatively more magnetic energy
pumped downwards into the middle fQ = 500. There is more connection,
but since the vigour of motion is suppressed (compareQ to 100) there is
no increased over-shooting from the top layer. The sitnasovery different
for Q = 1000, magnetic disturbance and motion is predominantipenawer
convection zone and relatively more magnetic energy issprariedupwards
Into the stable layer. As convection in the top layer Is sepped, over-shooting
from the bottom layer will dominate.
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Fig. 3: Interaction between the layers indicated by horizontalrage of verti-
cal momentum density (solid) and magnetic energy (dashed).

Conclusions

We have presented a simple model for multiple convectiorezaom stellar in-
teriors and focused on the effect of magnetic field strenftr.Q = 100 and
Q = 500, convection occurs in both unstable layers with the @prg more
vigorous motion, and more overshooting occurs-topiddle. WhenQ = 1000
motion and the top Is suppressed and overshooting occumetmniddle. We
have shown that communication between unstable layers e€anghificantly
affected by a magnetic field permeating all layers. More ietd this work
can be found irLin, Silvers & Proctor, 2008, Physics Letters A, 373, 69-75.




