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Fig. 6. Series of snapshots from the simulation at normalised time 13, 20 and 100. The isosurface is of normalised density equal to 0.6. The red
field lines are traced from the bottom boundary within a radius of 0.5. The green field lines are traced backwards from the top boundary within a

radius of 0.5.

The consequences of this for the foot points can be seen in Fig. 4.
There is an initial brightening outside the rational surface mov-
ing in an anticlockwise direction for the lower footpoint. The
foot point in Fig. 4 is at the bottom of the domain and as can be
seen from the orientation of the current sheet shown in Fig. 3 the
plasma flowing straight down from this sheet would, due to time
of flight, cause a bright spot to start on the positive y side of the
tube and stretch round the loop anticlockwise. The bright spot is
caused by the plasma being compressed against the photosphere,
in this case the line tied boundary. The condition on the density
for the line tying is zero gradient perpendicular to the boundary
and the boundary velocities are set to zero. The density increase
occurs over a range of 3—4% of the flux tube length so the exact
form of the boundary conditions does not matter, so long as it
impedes the plasma flow.

The central brightening then starts to form closer to the loop
axis, but rather than also extending round the tube anticlockwise,
it instead extends clockwise round the foot point. The mecha-
nism for this can be explained using Fig. 5. The helical current
sheet forms rapidly along most of the length of the rational sur-
face, due to line tying of the ends it does not extend completely
to the foot points. Reconnection therefore commences along the
length of the current sheet at approximately the same time. As
can be seen from Fig. 5 if the grey region were to reconnect at
exactly the same time, with the reconnection outflow directed
along the new field lines, the lengths of these new field lines will
give the time for the outflow to reach the foot points. Taking the
lower axis to be a foot point, the order would then be as follows.
The left hand red field line is the shortest and would therefore
brighten first followed by the right hand red field line. As the red
lines are external to the rational surface this gives a brightening
progressing in the same direction as the twist projected onto the
foot point. The next field line to brighten is the right hand blue
field line followed by the left hand blue field line. As can be seen
this gives the brightening appearing in a direction opposing the
direction of the twist. It also proceeds slower than the external
brightening due to the larger difference in line length.

The reconnection leaves the field lines with one end con-
taining high twist and one low twist. The high twist region is in

the core of the tube and the low twist outside the original tube.
Having one foot point connected to the external region and the
opposite foot point connected to the region inside the original
rational surface means that the untwisting of this field line in-
volves a radially, outward motion of plasma. This effect is most
pronounced at the loop apex. This can be seen in Fig. 6 which
shows field lines which start on the bottom foot point inside the
rational surface, the red lines, and those connected to the upper
foot point inside the same initial rational surface, the green lines.
The unwinding of the field at z = 0, the loop apex, leads to an
a reduction in density in a diagonal band across the loop. This
continues until at + = 100 the entire loop is at a lower density.
The field slowly relaxes to the state shown in the final snapshot
in Fig. 6. This state is the same topologically as the final state
given in Baty (2000), see Fig. 6 therein for a comparison.

5. Observation results

Attention is now turned to how TRACE would see this dynamic
evolution. Figure 7 shows how TRACE would view the loop go-
ing unstable. It can be seen that the loop heats predominantly in
the centre as it fades from the 171 A images producing bright
spots in the higher band passes due to the compression caused
by the loop kinking and the subsequent Ohmic heating. The for-
mation of the diagonal gap due to the field lines untwisting after
the reconnection can be clearly seen in all three band passes as
a dark line running through the tube. This is because this region
is of a lower density than the rest of the tube, most of the origi-
nal tube density is still confined within the high twist regions.
This diagonal feature is good candidate for a kink instability
signature.

Figure 8 shows the long term evolution of the loop in the
three different band passes. The loop fades from 171 A and then
from both 195 A and 284 A as it heats up. The heating of the
central plasma and subsequent compression of the foot points
causes foot point brightening without there being any foot point
heating source.
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171 A:

Fig.7. Series of images of the loop during the non-linear phase. From
left to right the columns shows times 10, 20, and 30. The images are
from the three band passes integrated in space and over the previous
10 normalised time units. Brighter colours corresponding to regions of
greater intensity.

171 A:

Fig. 8. Series of images in the three different bands at times, from left
to right, 30, 40 and 50. All are spatially integrated and time integrated
over the previous 10 internal time units.
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Time: 20

Fig.9. The same sequence of images as seen in Fig. 4 shown in the
195 A band pass. These all include time and space integrals, in the plane
of the image, but are not line of sight integrated.

In Fig. 4 another property of the helical current sheet associ-
ated with the kink instability was presented which is the evolu-
tion of a density increase around the loop axis at the foot point.
Figure 9 gives an approximation of what might be observed. One
of the shortcomings of using the straight loop model is the in-
ability to do the line of sight integration looking down onto the
loop foot points. Figure 9 is therefore a time and space integrated
slice through the foot points rather than a line of sight observa-
tion. However, as can be seen the spatial resolution available to
TRACE is not sufficient to resolve all of the features of this foot
point brightening.

6. Conclusion

This work address the question of what observational signatures
would be present if one were to look for evidence of short, high
aspect ratio loops going kink unstable. In doing so a more com-
plete picture of the actual fluid consequences of the kink insta-
bility were investigated leading to the following:

— The reconnection causes flows directed towards the foot
points which, due to time of flight effects, cause a density
increase to appear outside the rational surface which evolves
by extending around the loop in the direction of the twist. A
second density enhancement then forms on the inside of the
rational surface and evolves in the opposite direction to the
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twist. This would be a good candidate for a signature of the
kink instability however it is probably just below the spatial
resolution currently available. As shown in Fig. 9 some mo-
tion of the location of peak emission may be detected but not
all of the structure described above.

— The reconnecting of the internal field lines to the external
field lines generates field lines which are straight from one
foot point to the reconnection site and then twisted from that
site to the other foot point. The motion associated with the
untwisting of these field lines leads to a density depletion
diagonally across the loop axis.

— The splitting in half of the tube causes a diagonal density
depletion which when viewed from the x direction, corre-
sponding to an observation of a loop on the solar disk, is a
good candidate for the kink instability signature. This den-
sity depletion should also be visible in TRACE images as it
shows up quite clearly in Fig. 7.

An additional observational characteristic of an internal m = 1
instability driving reconnection in a compact loop was also re-
ported in Paper I which should be combined with the above in
any complete assessment of the kink instability. This was that
there will be exposure and line of site averaged Doppler measur-
able flow away from the loop apex of around 40—100 kms~'.

The simulations presented here are limited in that the flux
tube is initially straight and thermal conduction, along with any
subsequent chromospheric evaporation, has been ignored. The
magnitudes of the time averaged velocities and appearance of a
dark band across the loop apex ought to be robust. This is be-
cause these features occur early in the simulation and are fast
thereby avoiding any influence from conduction or evaporation.
The extent to which the foot point brightening would be ob-
served as described here once chromospheric evaporation is in-
cluded remains an open question and will be the subject of future
study.
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