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Shrinking Loops
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theoretical models. When the field line is first reconnected, as
shown in Figure 1 (left), the field line is connected to the X-point
and has a cusp shape at the top. As time progresses, the loop dis-
connects from the X-point and relaxes to a more potential con-
figuration, taking on a more rounded shape, as shown in Figure 1
(right).During this process, the footpoints of the loop are line-tied in
the chromosphere, so that the footpoint ends of the loopdonotmove.

In this paper, we use two methods to study the apparent shrink-
ingmotion of theflare loops observed by theXRT.The firstmethod
was developed by Forbes & Acton (1996), and it determines the
percentage of shrinkage of the postflare loops by comparing the
altitudes of loop tops at different times. Thismethod provides only
an average value of how much a field line shrinks as it ‘‘moves’’
through the visible flare loop structure. In the secondmethod, we
extract a strip of the XRT image that intersects the flare loops and
plot the changes in intensity in this strip as a function of time.
This procedure provides a much more stringent test of shrink-
age models if individual field lines can be identified and tracked
within the flare loop system. At any given time, each field line
will undergo a different rate of shrinkage depending on its posi-
tion relative to the cusp point at the lower tip of the current sheet.
Following several fields lines, therefore, provides a measure of
shrinkage as a function of time and space rather than just a single
average value.

Figure 2 shows a C2.1 flare observed on 2006 December 17.
The images in the top row show the flare at two different times,
and they have been edge-enhanced using the Sobel filter. The
panel in the bottom left shows contours from each of these im-
ages overlaid. The crosses on the contours show the points used
to calculate the altitude of the shrinking loops, as described be-
low. There is some distortion in the inner edge of the contour at

Fig. 1.—Field lines change from a cusp shape immediately following recon-
nection (left ) to a more rounded shape at a later time (right) (figure reproduced
courtesy of ASP Conf. Ser. from Forbes 1997).

Fig. 2.—Images from a C2.1 flare observed on 2006 December 17. The top panels show images from the flare at two different times, processed using a Sobel filter to
bring out the edges. The bottom left panel shows contours from the top panels overlaid. TheGOES light curve for this event is shown in the bottom right panel. Vertical
bars mark the locations of the images on the GOES plot.
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Flare Model Trajectories
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line). The location of the neutral point is even lower, because it
lies below the stagnation point (e.g., Figure 2). The lengths in
Table 2 and Figure 4 are normalized to λ0. The time in Figure 4
is normalized to a scale time based on the length, λ0, and the
velocity V B A m0 0 0
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Figure 5 shows the corresponding reconnection rate as

measured by the electric field (Figure 5(a)) and the inflow
Alfvén Mach number (Figure 5(b)) at ysp. The dashed curves
show the results obtained by Reeves & Forbes (2005) using a
constant inflow Alfvén Mach number of 0.025. The solid
curves show the results of the new reconnection model. The
new model also contains a free, or loosely specified, parameter,
namely Lu, so we need to be careful when comparing these two
models to distinguish between the physical differences of the
models and those caused by using different reconnection rates.
In order to do this, we select a value of Lu=18517, so that the
amount of reconnected flux at the last time shown in Figure 4
(i.e., t= 46) is the same for both the old and new models. The
effect of this constraint is to force the area under the curves for
E to be the same. The principal difference between the new
model and the old one is that the inflow Alfvén Mach now
varies with time. MA is very large when the magnetic neutral
point first appears at t=10.6 and then drops rapidly to a nearly
constant value of about 0.0315 by t=20. Thus, the
assumption of the previous model that MA is roughly constant
is a reasonably good approximation during the late phase of the
evolution. The main deficiency of the old model is that it places
the reconnection site at too high of an altitude. This higher
position also causes the reconnection site to propagate upward
at too fast of a speed. In the new model, the reconnection site is
always located a relatively short distance above the top of the
flare loops, and it propagates upward at roughly the same speed
that they do.

One of the main goals of the previous work by Reeves &
Forbes was to determine the energy output predicted by the

two-dimensional model as a function of time. Figures 6 and 7
show the energy and power output by the new model for the
same parameters used in Figures 4 and 5. The decrease in the
free magnetic energy shown in Figure 6 is essentially the same
as before, but the “thermal” flare energy release (TE) is about
double the old one. (Recall that TE is the integrated Poynting
flux into the current sheet.) This increase is due to the fact that
the reconnection site in the new model remains at a low altitude
rather than rocketing up to high altitudes as before. The

Figure 4. Trajectories for the flare model of Reeves & Forbes (2005) using the
more realistic reconnection model of Section 2. The blue curve, labeled h,
indicates the flux rope’s center, while the curves, labeled q and p, indicate the
paths of the upper and lower tips of the current sheet. As in Figure 2, the salmon
colored shading indicates the diffusion region, and the blue shading indicates
the advective region, where the current sheet is bifurcated into a pair of slow-
mode shocks. The red line shows the location of the stagnation point, and the
dashed line shows the stagnation-point location assumed in the original Reeves
& Forbes model. Lengths and time are normalized to λ0 and t0, respectively (see
the text).

Figure 5. Reconnection electric field, E, (panel a) and inflow Alfvén Mach
number, MA, (panel b) at the stagnation point as functions of time. The dashed
curves show the values for the original Reeves & Forbes (2005) model. The
electric field is normalized to A0V0/(λ0c).

Figure 6. Free magnetic energy (the black curve labeled ME), flux-rope kinetic
energy (the blue curve labeled KE), and thermal flare energy (the red curve
labeled TE) per unit length as functions of time.
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Solar Ultraviolet Imager (SUVI)
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Steps taken to study this structure
• Image Alignment
• Noise Gating
• Processing
• Scaling, normalization, interpolation
• Dynamic enhancement

• Determine path of current sheet
• Identify flow locations and measure velocities
• Measure height of current sheet
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Noise-Gating Example
2017-09-10 17:57:54 UT (1s Exposure)



Steps taken to study this structure
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Extracting Data Along Current Sheet
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Project Goals:
• Observe and measure outflows along current sheet in the lower and middle corona

• Compare the trajectories of these flows with those predicted in Forbes et al (2018)

• Observe shrinking loops

• Measure reconnection rate

• Utilize DEM analysis for temperature estimates
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