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Figure 32: For the time interval of 14:27:00-14:31:00 only - comparing different image algorithms and
over plotting the vis fwdfit fit.

(14:22:00 - 14:26:00 and 14:35:00 - 14:40:00) or stays ∼ the same (14:27:00 - 14:31:00). The decrease
in radial distance is probably not physical but is due to the large increase in loop length at higher energies
causing the loop x,y position appearing at a lower height. The x,y position parameters are defined as the
mean of the loop, not as the point with the greatest intensity. In order to study the changes in radial
distance further, VIS FWDFIT x,y parameters for a loop need to be changed so that the change in x,y
centroid is not be altered by the change in loop curvature, only by the loop position itself.

The second time interval (14:27:00 - 14:31:00) has a clear loop-like shape shown with all imaging
algorithms (Clean (1.8), Clean (5.0), Pixon, MEM NJIT and uv smooth). Therefore it was sensible to
use VIS FWDFIT with a loop for this time interval. Figure 32 shows that the VIS FWDFIT with a loop
is indeed a good fit for this time interval and energy intervals.
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Figure 32: For the time interval of 14:27:00-14:31:00 only - comparing different image algorithms and
over plotting the vis fwdfit fit.

(14:22:00 - 14:26:00 and 14:35:00 - 14:40:00) or stays ∼ the same (14:27:00 - 14:31:00). The decrease
in radial distance is probably not physical but is due to the large increase in loop length at higher energies
causing the loop x,y position appearing at a lower height. The x,y position parameters are defined as the
mean of the loop, not as the point with the greatest intensity. In order to study the changes in radial
distance further, VIS FWDFIT x,y parameters for a loop need to be changed so that the change in x,y
centroid is not be altered by the change in loop curvature, only by the loop position itself.

The second time interval (14:27:00 - 14:31:00) has a clear loop-like shape shown with all imaging
algorithms (Clean (1.8), Clean (5.0), Pixon, MEM NJIT and uv smooth). Therefore it was sensible to
use VIS FWDFIT with a loop for this time interval. Figure 32 shows that the VIS FWDFIT with a loop
is indeed a good fit for this time interval and energy intervals.
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Figure 32: For the time interval of 14:27:00-14:31:00 only - comparing different image algorithms and
over plotting the vis fwdfit fit.

(14:22:00 - 14:26:00 and 14:35:00 - 14:40:00) or stays ∼ the same (14:27:00 - 14:31:00). The decrease
in radial distance is probably not physical but is due to the large increase in loop length at higher energies
causing the loop x,y position appearing at a lower height. The x,y position parameters are defined as the
mean of the loop, not as the point with the greatest intensity. In order to study the changes in radial
distance further, VIS FWDFIT x,y parameters for a loop need to be changed so that the change in x,y
centroid is not be altered by the change in loop curvature, only by the loop position itself.

The second time interval (14:27:00 - 14:31:00) has a clear loop-like shape shown with all imaging
algorithms (Clean (1.8), Clean (5.0), Pixon, MEM NJIT and uv smooth). Therefore it was sensible to
use VIS FWDFIT with a loop for this time interval. Figure 32 shows that the VIS FWDFIT with a loop
is indeed a good fit for this time interval and energy intervals.
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Figure 32: For the time interval of 14:27:00-14:31:00 only - comparing different image algorithms and
over plotting the vis fwdfit fit.

(14:22:00 - 14:26:00 and 14:35:00 - 14:40:00) or stays ∼ the same (14:27:00 - 14:31:00). The decrease
in radial distance is probably not physical but is due to the large increase in loop length at higher energies
causing the loop x,y position appearing at a lower height. The x,y position parameters are defined as the
mean of the loop, not as the point with the greatest intensity. In order to study the changes in radial
distance further, VIS FWDFIT x,y parameters for a loop need to be changed so that the change in x,y
centroid is not be altered by the change in loop curvature, only by the loop position itself.

The second time interval (14:27:00 - 14:31:00) has a clear loop-like shape shown with all imaging
algorithms (Clean (1.8), Clean (5.0), Pixon, MEM NJIT and uv smooth). Therefore it was sensible to
use VIS FWDFIT with a loop for this time interval. Figure 32 shows that the VIS FWDFIT with a loop
is indeed a good fit for this time interval and energy intervals.
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which are required for examining the density structures of the
chromosphere. Theoretical relationships were compared with
observations to find the density structure of the chromosphere.
The vertical sizes of the X-ray sources are found to be larger than
the ones predicted by a hydrostatic atmosphere in thick-target
scenario. However, assuming that the electrons are propagating
along several narrow threads with different density profiles can
explain the measured vertical sizes of the sources.

2. X-RAY VISIBILITIES AND CHARACTERISTIC SIZES

The spatial information about an X-ray source measured by
RHESSI for a given energy range and time interval can be
presented (Hurford et al. 2002; Schmahl et al. 2007) as two-
dimensional Fourier components or X-ray visibilities:

V (u, v; ε) =
∫

x

∫

y

I (x, y; ε)e2π i(xu+yv)dxdy, (1)

where I (x, y; ε) is the observed image at photon energy ε.
Then, the reconstructed X-ray image I (x, y; ε) is the inverse
Fourier transformation of measured X-ray visibilities V (u, v; ε).
Each of the nine RHESSI RMCs measures V (u, v; ε) at a fixed
spatial frequency (or a circle in the (u, v) plane) corresponding
to its angular resolution and with a position angle along the
circles, which varies continuously as the spacecraft rotates. Nine
detector grids with angular resolutions growing with detector
number are logarithmically spaced in the (u, v) plane. Since the
measured visibilities sparsely populate the (u, v) plane and have
statistical uncertainties, the direct inverse Fourier transform is
impractical (Hurford et al. 2002; Schmahl et al. 2007; Massone
et al. 2009) and alternative methods should be used.

Assuming a characteristic shape of the X-ray source, one can
directly find the position and characteristic sizes by fitting a 2D
Fourier image of the model to the RHESSI visibilities. Here, we
assume that the sources can be presented as elliptical Gaussian
sources:

I (x, y; ε) = I0(ε)
2πσxσy

exp

(

− (x − x0(ε))2

2σ 2
x

− (y − y0(ε))2

2σ 2
y

)

,

(2)
where 2

√
2 ln 2σx and 2

√
2 ln 2σy are FWHMs of an elliptical

Gaussian source in the x- and y-direction, respectively, x0(ε) and
y0(ε) give the position of the source, and I0 is the total photon
flux of the source. One major advantage of the visibility forward
fit approach is that, knowing the errors on visibilities V (u, v; ε),
one can readily propagate the errors to forward fit parameters of
the model in Equation (2). Reliable error estimates for images
reconstructed with other algorithms are currently unavailable.

2.1. The Shape of Footpoints for a Limb Event

Using HXR data from RHESSI, we analyzed a limb event on
2004 January 6 (GOES M5.8 class). As shown previously by
Kontar et al. (2008), this event is ideally suited for our analysis,
having two well-separated footpoints: one bright and the other
much weaker. In addition, the location of the flare at the limb
greatly reduces albedo flux (Bai & Ramaty 1978; Kontar et al.
2006) so that the albedo correction (Kontar et al. 2006) becomes
negligible.

The flare occurred at the eastern limb near (−975′′,75′′)
from the disk center at ∼06:22 UT (Figure 1). It was imaged
during the time of peak emission >50 keV, 06:22:20–06:23:00
UT (indicated by the vertical dotted lines in Figure 1), using
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Figure 1. Light curves of the 2004 Jan 6 flare. The vertical dotted lines show
the accumulation time interval 06:22:20–06:23:00 UT which is used in the
subsequent spectral and imaging analysis.
(A color version of this figure is available in the online journal.)

four different image algorithms (see Figure 2): Clean (Hurford
et al. 2002), MEM NJIT (Schmahl et al. 2007), PIXON (Pina
& Puetter 1993; Metcalf et al. 1996), and visibility forward
fit (Hurford et al. 2002; Schmahl et al. 2007). The resulting
images in five energy bands covering the nonthermal emission
are shown in Figure 2. Each image was made using the front
segments of detectors 2 through 7. Grid 1 with the highest spatial
resolution had no significant signal and grids 8–9 are too coarse
for our flaring region. Previously, the flare was imaged using 10
energy bins (Kontar et al. 2008) and simple circular Gaussian fit
but this was reduced to five wider bins in this paper to improve
the signal-to-noise ratio. Figures 2 and 3 demonstrate that the
brighter source has an elliptical shape at various energies, so the
elliptical Gaussian could be used as natural X-ray distribution
model (Figure 3).

Comparing the different algorithm results, we find that
CLEANed images have systematically larger sizes than the
other algorithms. This is related to the fact that CLEAN images
are determined by the user choices for analysis (clean beam
size) and not the requirements of the data, and hence should
be used with great care to measure source sizes.1 MEM NJIT
has produced smaller source sizes, which could be due to the
tendency of the algorithm to over-resolve sources (Schmahl
et al. 2007). PIXON (Pina & Puetter 1993; Metcalf et al.
1995) gave us source sizes similar to those of X-ray visibility
forward fit. Dennis & Pernak (2009) have also analyzed this
event and confirmed the finding of Kontar et al. (2008). We
choose to forward fit a circular Gaussian source for the northern
footpoint and elliptical Gaussian source (Equation (2)) for the
southern footpoint to the visibilities (Equation (1)); the image
shown is a reconstruction of the fit results. These fits are shown
in Figure 3 and will be discussed in detail in Section 2.2.
Assuming two elliptical sources, the weaker source’s forward
fit parameters have rather large error bars, suggesting that the
northern footpoint is not sufficiently well-constrained by the
data to be fitted as an elliptical source. In addition, at the
energies above 40 keV the weak source is indistinguishable from
circular.

1 Reduction of clean beam size by 1.7 produces images with spatial
characteristics similar to other algorithms. Current version of clean does not
have robust procedure to determine CLEAN beam size. Note that this
correction is only applicable for this particular event and cannot be used
universally.

VIS FWDFIT takes a simple form, such as 
an elliptical gaussian - compares this with 
the real X-ray visibilities



Figure 32: For the time interval of 14:27:00-14:31:00 only - comparing different image algorithms and
over plotting the vis fwdfit fit.

(14:22:00 - 14:26:00 and 14:35:00 - 14:40:00) or stays ∼ the same (14:27:00 - 14:31:00). The decrease
in radial distance is probably not physical but is due to the large increase in loop length at higher energies
causing the loop x,y position appearing at a lower height. The x,y position parameters are defined as the
mean of the loop, not as the point with the greatest intensity. In order to study the changes in radial
distance further, VIS FWDFIT x,y parameters for a loop need to be changed so that the change in x,y
centroid is not be altered by the change in loop curvature, only by the loop position itself.

The second time interval (14:27:00 - 14:31:00) has a clear loop-like shape shown with all imaging
algorithms (Clean (1.8), Clean (5.0), Pixon, MEM NJIT and uv smooth). Therefore it was sensible to
use VIS FWDFIT with a loop for this time interval. Figure 32 shows that the VIS FWDFIT with a loop
is indeed a good fit for this time interval and energy intervals.
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which are required for examining the density structures of the
chromosphere. Theoretical relationships were compared with
observations to find the density structure of the chromosphere.
The vertical sizes of the X-ray sources are found to be larger than
the ones predicted by a hydrostatic atmosphere in thick-target
scenario. However, assuming that the electrons are propagating
along several narrow threads with different density profiles can
explain the measured vertical sizes of the sources.

2. X-RAY VISIBILITIES AND CHARACTERISTIC SIZES

The spatial information about an X-ray source measured by
RHESSI for a given energy range and time interval can be
presented (Hurford et al. 2002; Schmahl et al. 2007) as two-
dimensional Fourier components or X-ray visibilities:

V (u, v; ε) =
∫

x

∫

y

I (x, y; ε)e2π i(xu+yv)dxdy, (1)

where I (x, y; ε) is the observed image at photon energy ε.
Then, the reconstructed X-ray image I (x, y; ε) is the inverse
Fourier transformation of measured X-ray visibilities V (u, v; ε).
Each of the nine RHESSI RMCs measures V (u, v; ε) at a fixed
spatial frequency (or a circle in the (u, v) plane) corresponding
to its angular resolution and with a position angle along the
circles, which varies continuously as the spacecraft rotates. Nine
detector grids with angular resolutions growing with detector
number are logarithmically spaced in the (u, v) plane. Since the
measured visibilities sparsely populate the (u, v) plane and have
statistical uncertainties, the direct inverse Fourier transform is
impractical (Hurford et al. 2002; Schmahl et al. 2007; Massone
et al. 2009) and alternative methods should be used.

Assuming a characteristic shape of the X-ray source, one can
directly find the position and characteristic sizes by fitting a 2D
Fourier image of the model to the RHESSI visibilities. Here, we
assume that the sources can be presented as elliptical Gaussian
sources:

I (x, y; ε) = I0(ε)
2πσxσy

exp

(
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− (y − y0(ε))2

2σ 2
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)

,

(2)
where 2

√
2 ln 2σx and 2

√
2 ln 2σy are FWHMs of an elliptical

Gaussian source in the x- and y-direction, respectively, x0(ε) and
y0(ε) give the position of the source, and I0 is the total photon
flux of the source. One major advantage of the visibility forward
fit approach is that, knowing the errors on visibilities V (u, v; ε),
one can readily propagate the errors to forward fit parameters of
the model in Equation (2). Reliable error estimates for images
reconstructed with other algorithms are currently unavailable.

2.1. The Shape of Footpoints for a Limb Event

Using HXR data from RHESSI, we analyzed a limb event on
2004 January 6 (GOES M5.8 class). As shown previously by
Kontar et al. (2008), this event is ideally suited for our analysis,
having two well-separated footpoints: one bright and the other
much weaker. In addition, the location of the flare at the limb
greatly reduces albedo flux (Bai & Ramaty 1978; Kontar et al.
2006) so that the albedo correction (Kontar et al. 2006) becomes
negligible.

The flare occurred at the eastern limb near (−975′′,75′′)
from the disk center at ∼06:22 UT (Figure 1). It was imaged
during the time of peak emission >50 keV, 06:22:20–06:23:00
UT (indicated by the vertical dotted lines in Figure 1), using
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Figure 1. Light curves of the 2004 Jan 6 flare. The vertical dotted lines show
the accumulation time interval 06:22:20–06:23:00 UT which is used in the
subsequent spectral and imaging analysis.
(A color version of this figure is available in the online journal.)

four different image algorithms (see Figure 2): Clean (Hurford
et al. 2002), MEM NJIT (Schmahl et al. 2007), PIXON (Pina
& Puetter 1993; Metcalf et al. 1996), and visibility forward
fit (Hurford et al. 2002; Schmahl et al. 2007). The resulting
images in five energy bands covering the nonthermal emission
are shown in Figure 2. Each image was made using the front
segments of detectors 2 through 7. Grid 1 with the highest spatial
resolution had no significant signal and grids 8–9 are too coarse
for our flaring region. Previously, the flare was imaged using 10
energy bins (Kontar et al. 2008) and simple circular Gaussian fit
but this was reduced to five wider bins in this paper to improve
the signal-to-noise ratio. Figures 2 and 3 demonstrate that the
brighter source has an elliptical shape at various energies, so the
elliptical Gaussian could be used as natural X-ray distribution
model (Figure 3).

Comparing the different algorithm results, we find that
CLEANed images have systematically larger sizes than the
other algorithms. This is related to the fact that CLEAN images
are determined by the user choices for analysis (clean beam
size) and not the requirements of the data, and hence should
be used with great care to measure source sizes.1 MEM NJIT
has produced smaller source sizes, which could be due to the
tendency of the algorithm to over-resolve sources (Schmahl
et al. 2007). PIXON (Pina & Puetter 1993; Metcalf et al.
1995) gave us source sizes similar to those of X-ray visibility
forward fit. Dennis & Pernak (2009) have also analyzed this
event and confirmed the finding of Kontar et al. (2008). We
choose to forward fit a circular Gaussian source for the northern
footpoint and elliptical Gaussian source (Equation (2)) for the
southern footpoint to the visibilities (Equation (1)); the image
shown is a reconstruction of the fit results. These fits are shown
in Figure 3 and will be discussed in detail in Section 2.2.
Assuming two elliptical sources, the weaker source’s forward
fit parameters have rather large error bars, suggesting that the
northern footpoint is not sufficiently well-constrained by the
data to be fitted as an elliptical source. In addition, at the
energies above 40 keV the weak source is indistinguishable from
circular.

1 Reduction of clean beam size by 1.7 produces images with spatial
characteristics similar to other algorithms. Current version of clean does not
have robust procedure to determine CLEAN beam size. Note that this
correction is only applicable for this particular event and cannot be used
universally.

VIS FWDFIT takes a simple form, such as 
an elliptical gaussian - compares this with 
the real X-ray visibilities

We studied 3 M-class events observed  by Xu et al. (2008) and Kontar et al. 
(2011), concentrating on loop changes with time instead of energy:

1. 23rd August 2005 , 2. 14th/15th April 2002  and 3. 21st May 2004



Jeffrey and Kontar: The time varying spatial and spectral properties of solar flaring X-ray loops

Fig. 1. Flare1 - 23rd August 2005. Source changes in time at selected energies of 10-12 keV (left), 12-15 keV (middle) and 15-20 keV (right).
The green source plots a Clean image at a selected time of 14:28:00-14:30:00 for each energy range allowing the overall shape of the source to be
compared with that of the VIS FWDFIT contours (size) and correspondingly coloured asterisks (source centroid position).

Fig. 2. As Figure 2 but for Flare 2 - 14th April 2002.

Fig. 3. As Figure 2 but for Flare 3 - 21st May 2004. Note that this flare has been studied using different energy ranges of 14-16 keV (left), 16-20
keV (middle) and 20-25 keV (right).

events using only Clean and Pixon to confirm the loop shape
of each coronal source and find the energy ranges over which a
coronal source was present in each flare. Once we were confident
that our chosen events only had a simple loop shape, we studied
each event using VIS FWDFIT. This is important since the coro-
nal source must have a loop-like shape so that VIS FWDFIT can

effectively fit a curved elliptical gaussian (loop) to the X-ray visi-
bilities of the event and give realistic estimates with errors of the
source parameters. VIS FWDFIT provides us with loop length
FWHM (full width half maximum), loop width FWHM and the
(x,y) centroid position of the loop. It should also be noted that
VIS FWDFIT gives the mean position of the loop shape, not the
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Jeffrey and Kontar: The time varying spatial and spectral properties of solar flaring X-ray loops

Fig. 5. (left column) 23rd August 2005, (middle column) 14th April 2002 and (right column) 21st May 2004. 1st row - Lightcurves for each event
at each of the selected plotting energies (see each graph legend), 2nd row - changes in loop width with time, 3rd row - changes in loop length with
time, 4th row - changes in loop radial position with time, 5th row - changes in emission measure, EM, with time and 6th row - changes in plasma
temperature with time. The dashed lines on all plots represent the approximate points of peaks in the lightcurve. For all events, it can be seen that
these peaks are points of change in the source width, length and position. 9
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Jeffrey and Kontar: The time varying spatial and spectral properties of solar flaring X-ray loops

Fig. 5. (left column) 23rd August 2005, (middle column) 14th April 2002 and (right column) 21st May 2004. 1st row - Lightcurves for each event
at each of the selected plotting energies (see each graph legend), 2nd row - changes in loop width with time, 3rd row - changes in loop length with
time, 4th row - changes in loop radial position with time, 5th row - changes in emission measure, EM, with time and 6th row - changes in plasma
temperature with time. The dashed lines on all plots represent the approximate points of peaks in the lightcurve. For all events, it can be seen that
these peaks are points of change in the source width, length and position. 9
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Jeffrey and Kontar: The time varying spatial and spectral properties of solar flaring X-ray loops

Fig. 5. (left column) 23rd August 2005, (middle column) 14th April 2002 and (right column) 21st May 2004. 1st row - Lightcurves for each event
at each of the selected plotting energies (see each graph legend), 2nd row - changes in loop width with time, 3rd row - changes in loop length with
time, 4th row - changes in loop radial position with time, 5th row - changes in emission measure, EM, with time and 6th row - changes in plasma
temperature with time. The dashed lines on all plots represent the approximate points of peaks in the lightcurve. For all events, it can be seen that
these peaks are points of change in the source width, length and position. 9
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Jeffrey and Kontar: The time varying spatial and spectral properties of solar flaring X-ray loops

Fig. 5. (left column) 23rd August 2005, (middle column) 14th April 2002 and (right column) 21st May 2004. 1st row - Lightcurves for each event
at each of the selected plotting energies (see each graph legend), 2nd row - changes in loop width with time, 3rd row - changes in loop length with
time, 4th row - changes in loop radial position with time, 5th row - changes in emission measure, EM, with time and 6th row - changes in plasma
temperature with time. The dashed lines on all plots represent the approximate points of peaks in the lightcurve. For all events, it can be seen that
these peaks are points of change in the source width, length and position. 9
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Jeffrey and Kontar: The time varying spatial and spectral properties of solar flaring X-ray loops

Fig. 5. (left column) 23rd August 2005, (middle column) 14th April 2002 and (right column) 21st May 2004. 1st row - Lightcurves for each event
at each of the selected plotting energies (see each graph legend), 2nd row - changes in loop width with time, 3rd row - changes in loop length with
time, 4th row - changes in loop radial position with time, 5th row - changes in emission measure, EM, with time and 6th row - changes in plasma
temperature with time. The dashed lines on all plots represent the approximate points of peaks in the lightcurve. For all events, it can be seen that
these peaks are points of change in the source width, length and position. 9
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Fig. 5. (left column) 23rd August 2005, (middle column) 14th April 2002 and (right column) 21st May 2004. 1st row - Lightcurves for each event
at each of the selected plotting energies (see each graph legend), 2nd row - changes in loop width with time, 3rd row - changes in loop length with
time, 4th row - changes in loop radial position with time, 5th row - changes in emission measure, EM, with time and 6th row - changes in plasma
temperature with time. The dashed lines on all plots represent the approximate points of peaks in the lightcurve. For all events, it can be seen that
these peaks are points of change in the source width, length and position. 9
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23-August-2005 flare

Jeffrey and Kontar: The time varying spatial and spectral properties of solar flaring X-ray loops

Fig. 7. (left column) 23rd August 2005, (middle column) 14th April 2002 and (right column) 21st May 2004. 1st row - Lightcurves for each event,
2nd row - Volume, 3rd row - Number density, 4th row - Pressure and 5th row - Energy density.
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Jeffrey and Kontar: Title Suppressed Due to Excessive Length

each of our chosen events using different imaging algorithms (Clean and Pixon) to confirm the loop

shape of each of these sources (only Clean images are shown in this report but both algorithms

confirmed the existence of a similar shaped loop coronal source that could be fitted with a VIS

FWDFIT loop). VIS FWDFIT provides us with loop length FWHM (full width half maximum),

loop width FWHM and the (x,y) centroid position of the loop. It should also be noted that the (x,y)

centroid position that is given by the algorithm is the (x,y) loop shape mean position, not what

we wish to define as the loop top centroid position, that is, the central position at the top of the

loop. The coordinates of this were gained by taking the coordinates of the central circular gaussian

that VIS FWDFIT uses to create the final loop shape along with a set of other circular gaussians

placed along the length of the loop. This is important as a loop that is very curved and approaching

the shape of a ring will pull the shape centroid towards the ends of the loop, often masking small

increases or decreases in loop position with time or energy (this was especially significant for the

loop shaped source of the 23rd August 2005 event).

3. Inferring other parameters

From the width and length parameters we can infer the changes in source volume, V, at a given time

and energy, by assuming that the volume of the loop is given by V = πW
2L

4
that is, a cylindrical loop,

where L is the loop length FWHM and W is the loop width FWHM of each source. An accurate

estimate of the source volume is very important as it allows many other parameters to be inferred.

By performing spectroscopy of each of our events we can obtain two useful parameters: emission

measure, EM and plasma temperature, T. Then, the combination of imaging and spectroscopy

allows us to infer how other parameters are changing throughout the life of the flare. The plasma

number density, n, can be obtained via n =
√

EM/V , the pressure, P, from P = nkBT , where kB is

the Boltzmann constant and finally the energy density, E, from E = 3nkBT .

4. Spatial and spectral changes with time

Fig. 1. Flare1 - 23rd August 2005. Source changes in time at selected energies of 10-12 keV (left), 12-15 keV

(middle) and 15-20 keV (right). The green source plots a Clean image at a selected time of 14:28:00-14:30:00

for each energy range allowing the overall shape of the source to be compared with that of the VIS FWDFIT

contours (size) and correspondingly coloured asterisks (source centroid position).
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Fig. 10.— Observations of plasma temperature, X-ray emission, loop width and thermal

pressure are replotted together for Flares 1 (left), 2 (middle) and 3 (right) at one energy

band of 10-20 keV. Shades of orange represent the three phases of the proposed model: 1.

the peak in plasma temperature, 2. the peak in X-ray emission, generally coinciding the

smallest loop width and 3. the peak in thermal pressure.
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We see the same results for two other coronal X-ray events. 

Jeffrey and Kontar: The time varying spatial and spectral properties of solar flaring X-ray loops

Fig. 1. Flare1 - 23rd August 2005. Source changes in time at selected energies of 10-12 keV (left), 12-15 keV (middle) and 15-20 keV (right).
The green source plots a Clean image at a selected time of 14:28:00-14:30:00 for each energy range allowing the overall shape of the source to be
compared with that of the VIS FWDFIT contours (size) and correspondingly coloured asterisks (source centroid position).

Fig. 2. As Figure 2 but for Flare 2 - 14th April 2002.

Fig. 3. As Figure 2 but for Flare 3 - 21st May 2004. Note that this flare has been studied using different energy ranges of 14-16 keV (left), 16-20
keV (middle) and 20-25 keV (right).

events using only Clean and Pixon to confirm the loop shape
of each coronal source and find the energy ranges over which a
coronal source was present in each flare. Once we were confident
that our chosen events only had a simple loop shape, we studied
each event using VIS FWDFIT. This is important since the coro-
nal source must have a loop-like shape so that VIS FWDFIT can

effectively fit a curved elliptical gaussian (loop) to the X-ray visi-
bilities of the event and give realistic estimates with errors of the
source parameters. VIS FWDFIT provides us with loop length
FWHM (full width half maximum), loop width FWHM and the
(x,y) centroid position of the loop. It should also be noted that
VIS FWDFIT gives the mean position of the loop shape, not the
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Results summary and other events
We observed two main temporal results for this type of event:

Contraction and then an expansion of the loop volume before 
and after the peak in X-ray emission.

Three temporal phases: peak in plasma temperature, peak in X-
ray emission/smallest loop size and peak in thermal pressure.
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Fig. 10.— Observations of plasma temperature, X-ray emission, loop width and thermal

pressure are replotted together for Flares 1 (left), 2 (middle) and 3 (right) at one energy

band of 10-20 keV. Shades of orange represent the three phases of the proposed model: 1.

the peak in plasma temperature, 2. the peak in X-ray emission, generally coinciding the

smallest loop width and 3. the peak in thermal pressure.
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Possible explanations and future work?

1.  A reduction in B pressure? Liu et al. 2009, Gosain 2012 etc.

2. Thermal conduction   chromospheric evaporation ?

3.  Thermal pressure balances and overcomes the  
    reduction in B pressure ?



Future studies/common or different trends for all flares? 

An X-class event showed similar results using Clean (Caspi & Lin 
2010).
What about events with strong coronal emission and footpoints?

New events with SDO data           multiple loops interacting?

Possible explanations and future work?

1.  A reduction in B pressure ?

Jeffrey, N., Kontar, E.: 2013, Temporal Variations of X-Ray Solar Flare Loops: Length, 
Corpulence, Position, Temperature, Plasma Pressure, and Spectra. The Astrophysical Journal, 
Volume 766, Issue 2, article id. 75, 12 pp

2. Thermal conduction   chromospheric evaporation ?

3.  Thermal pressure balances and overcomes the  
    reduction in B pressure ?


