Simple numerical simulations of
the flux tube tectonics model for
coronal heating

[ s k| -II._'I'.- = - "l-':_.-'.
" i ..E:l d ""\-_I " "'-."'! v E:,' y -
s, T = " e
v .-.-;r :.: Il. .-"" .. L
ot A ]

i - E SR g, E e b E =
it -\.I.::.:_, gl .-:. |‘;!.-.- #:‘ﬁr‘ :-':::'r-f'\-r ot i e
- 1 T 175 - g -_— —
I, = B R AR L T ’@: T -

il ! ;
t, . 1 . - B .- -
i T i :

C.Mdlor, C.L.Gerrard, K.Galsgaard?,
A.W.Hood, E.R.Priest

St Andrews University
1. Copenhagen University

m D



Al

= e - S oA o - %, e e R L prcl, o e LR R i
G5, s e A N A L T L R
= = - Bt e Ll o R T 1 e o b 1
Y M, 1 g - Y R T T L L
ot S HE L A Lk D Ratu v e
e ol S e e el S v 1 o]
i < e Cs e ths s
rl 5 ’ e v Ly
s ' o R E i n' 5
B !|: o g L

hliE
F
=

Contents

The theory
Numerical detalls and initial set-up
Results

Damped Alfven wave propagation
Current sheet formation

Position of current sheets
Heating?
Conclusions



' K (A 5 - L 1
A o ¥ i ¥ .-
'3 H’ - - - - B -l' -
. - L
: - g B L L] .
; - e L A o
o =, i A e

Flux tube tectoni Cstheor

Suggested by Priest et a
(2002)

A loop embeds in the
photosphere in discrete
fingers

Motions of flux patches
IN the magnetic carpet
can cause current sheets

to build up between — '/
fingers and between 5 / / / /
separate loops. ) 71/l
Reconnection can then
occur releasing energy

and contributing to
coronal heating.
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Numerlcal detalls& initial set- up

3D MHD code described
by Nordlund and
Galsgaard (1995).

5t order accuratein
space (staggered grid)
and 39 order accuratein
time.

4 flux patches on the base -
and 4 on the top ook
boundary. 4 :
Move 2 of the patches on ot

the base between the el
other 2. 00 02 04 06 08 10
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Schematic of effect of ssimple lateral motions on non-uniform field.

Current builds up
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Damped Alfven 'Wave propagatl on
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Information
propagates UP and O ~L 02 03 04 D_"

down the numerl Cal Footpomt Displacement s e s
box.

The current (Jump In
B,) resemblesa
driven, damped
Alfven wave.




Current sheet formatio

Jumps in magnetic field components at position of current concentratian
Hote outward movemnt as simulation ewohies
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concentrations of s s -
current building up.

0,04

The current scales o
linearly with I
resol ution.

Suggests current
sheet formation.

Current compaonents showing locations of current concentrations
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Current sneets —'Fdrivi ng spéed

Current concentrations - driving at slow speed Current concentrations - driving at faster speed
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The current sheets

Current sheet 0OS ition

0.4

move outwards as the ,

simulation
Progresses.

Thiscan be predlcted
by analytical theory.
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We can also predict how the magnetic field
strength will vary in time.

Field strength against time
solid line = numercal results, dotted line = analytical prediction
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s one! Reconhectl on?-
Uniform Resistivity

Using uniform resistivity the energy release
IS amost linear throughout the ssmulation
and there Is no disruption of the fieldlines.

Suggests diffusion.
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lefus on or reconnectl on? —
Hyper-resistivity

Using resistivity which is only triggered near
high current concentrations there are signs of
strong disruption at the very end of the
simulation.

Suggests reconnection.

The reconnection may be triggered by the tearing
mode.



Heating
Both diffusion and reconnection will work

to heat the plasma.

Thus, no matter what form the resistivity
takes there is evidence of heating.




Conclusions

The smple lateral motions applied to a non-
uniform magnetic field configuration can cause
current to build up.

The current concentrations have features which
are indicative of current sheets.

The current sheets move outwards during the
simulation.

There are indications that heating will take place.



