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ABSTRACT

The limb flare SOL2012-07-19T05:58 (M7.7) provides the best example of

a non-thermal above-the-loop-top hard X-ray (HXR) source with simultaneous

observations by the Reuven Ramaty High Energy Solar Spectroscopic Imager

(RHESSI) and the Atmospheric Imaging Assembly (AIA) onboard the Solar Dy-

namic Observatory (SDO). By combining the two sets of observations, we present

the first direct measurement of the thermal proton density and non-thermal elec-

tron density within the above-the-loop-top source where particle acceleration

occurs. We find that both densities are of the same order of magnitude of a few

times 109 cm−3, about 30 times lower than the density in the underlying ther-

mal flare loops. The equal densities indicate that the entire electron population

within the above-the-loop-top source is energized. While the derived densities

depend on the unknown source depth and filling factor, the ratio of these two

densities does not. Within the uncertainties, the ratio is one for a low energy

cut-off of the non-thermal electron spectrum between 10 and 15 keV. RHESSI

observations only constrain the cut-off energy to below ∼ 15 keV, leaving the

spectral shape of the electrons within the above-the-loop-top source at lower en-

ergies unknown. Nevertheless, these robust results strongly corroborate earlier

findings that the above-the-loop-top source is the acceleration region where a

bulk energization process acts on all electrons.

Subject headings: Sun: flares — Sun: particle emission — Sun: X-rays, gamma

rays

1. Introduction

The solar corona has a much higher energy density in its magnetic field than the kinetic

energy density of its particles (i.e. the corona is a low beta plasma). During solar flares,
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a significant fraction (up to 1033 erg) of the magnetic energy is released impulsively on

time-scales of seconds to minutes (e.g., Lin 2011). A large fraction of the released energy

goes first into accelerating particles, making the Sun the most efficient natural particle

accelerator (e.g., Lin et al. 2002). Signatures of accelerated electrons are best observed with

radio and hard X-ray (HXR) observations through gyrosynchrotron and bremsstrahlung

processes. Gyrosynchrotron emissions strongly depend on the magnetic field strength, and

they give information on the electron population typically in the MeV range (e.g. White et

al. 2011). Bremsstrahlung emissions are proportional to the ambient proton density, and

provide diagnostics down to, and sometimes below, the 10 keV range (e.g. Fletcher et al.

2011, Holman et al. 2011, Kontar et al. 2011). In the range below 200 keV (as discussed in

this paper), HXR bremsstrahlung emissions are dominated by electron-proton interactions,

and electron-electron bremsstrahlung can be neglected (e.g. Kontar et al. 2007). The

energy loss of the accelerated electrons, however, is dominated by collisions of the accelerated

electrons with ambient electrons.

The acceleration region in solar flares is thought to be located in the solar corona and

is most likely related to magnetic reconnection processes (for a recent review see Raymond

et al. 2012). Direct imaging of the acceleration region in HXRs is generally difficult because

of the rather low ambient density in the coronal plasma compared to the chromosphere (for

a review on coronal HXR sources see Krucker et al. 2008). Hence, the most prominent

HXR sources are observed from the chromosphere at the footpoints of the flaring loops.

Nevertheless, flares generally show significant HXR emission from the corona as well, but

these fainter emissions are difficult to observe (e.g. Krucker & Lin 2008). A few flares show

rather bright HXR sources above the main flare loop (e.g. Masuda et al. 1994, Tomczak

2001, 2009, Petrosian et al. 2002, Ishikawa et al. 2011, Chen & Petrosian 2012, Liu et

al. 2013). Thanks to the high resolution imaging-spectroscopy from the Reuven Ramaty

High Energy Solar Imager (RHESSI, Lin et al. 2002), it became clear that these extreme

cases outline the acceleration region itself, where a bulk energization process accelerates

all electrons within the acceleration site (Krucker et al. 2010). Once all the electrons are

accelerated, the collisional losses only exchange energy between accelerated electrons, making

the bremsstrahlung between accelerated electrons and ambient ions more efficient than in

the case where accelerated electrons rapidly lose energy to cold ambient electrons. This then

produces the intense HXR emissions seen in above-the-loop-top sources. However, only a

few flares have such intense sources, suggesting that for other events the acceleration process

is less efficient. In these cases, bulk energization does not occur and the above-the-loop-top

source appears much fainter, often below the detection limit of current instrumentation.

For the derivation of the number density of accelerated electrons from the observed

HXR spectrum, it is essential to know the ambient proton density of the acceleration region
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(e.g. Brown 1971). However, this ambient proton density is currently not well constrained

by observations. For the Masuda flare, the above-the-loop-top sources appeared in a region

without a counterpart in soft X-rays (Masuda et al. 1994), indicating a rather low density

(e.g. Hudson & Ryan 1995, Tsuneta et al. 1997). Spectral radio observations by Fleishman

et al. 2013 suggest ambient densities below 2 × 109 cm−3 within the acceleration region of

SOL2002-04-11T16:26. Using HXR observations, Krucker et al. 2010 could only derive an

upper limit of the ambient density within the acceleration region at 8×109 cm−3 in the limb

flare SOL2007-12-31T01:11. The lack of detection is partially due to the limited sensitivity of

instrumentation, but also because the emission is intrinsically faint. The drastically increased

coverage and sensitivity provided by the Atmospheric Imaging Assembly (AIA, Lemen et al.

2012) onboard the Solar Dynamic Observatory (SDO) provides by far the best diagnostics

of thermal plasma. In this paper we present observations of a GOES M9 class limb-flare

on 2012 July 19 simultaneously observed by RHESSI and AIA. While this remarkable event

provides many fascinating insights into flare physics (e.g. Liu et al. 2013, Liu 2013), our

paper focuses only on the ambient density estimates within the acceleration region during

the impulsive phase of the event. For a detailed analysis of all phase of this flare, we refer

to Liu et al. (2013) and Liu (2013). We first discuss the RHESSI imaging spectroscopy

observations of the above-the-loop-top source during the main HXR peak followed by the

derivation of the Differential Emission Measure (DEM) from AIA images and the density

of the above-the-loop-top source. In section 2.3, we use the derived ambient density to

estimate the density of accelerated electrons within the acceleration region to investigate the

acceleration efficiency at the peak time of the HXR emission.

2. Observations

The limb flare of SOL2012-07-19T05:58 shows one of the most prominent above-the-

loop-top HXR sources in the entire RHESSI data base (Figure 1). The coronal source

is clearly visible in the 30-80 keV band for the whole duration of the main HXR peaks

(05:20-05:27 UT). While the above-the-loop-top source is already visible in regular CLEAN

images (Hurford et al 2002), the images shown in Figure 1 are produced using the two-step

CLEAN algorithm (Krucker et al 2011). The source location is ∼35′′ above the center of the

thermal flare loops seen by RHESSI in the 6-8 keV range and by the AIA 193 Å wavelength

channel, one of the filters with high temperature response. Liu et al. 2013 reported a smaller

separation of 21′′, but this difference could be due to the different energy range selection.

In either case, the separation is even more prominent than in the Masuda flare (Masuda et

al. 1994). The RHESSI images also reveal the existence of footpoint sources. The northern

footpoint dominates over the southern footpoint, but this asymmetry is likely because part
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of the emission from the flare ribbons is occulted by the solar disk. STEREO EUVI images

reveal that, if seen from Earth, the solar disk occults a larger part of the southern ribbon

than the northern ribbon (Patsourakos et al. 2013, Liu et al. 2013); indicating the weaker

southern footpoint could indeed be due to occultation. While the footpoints show the typical

compact sources, the above-the-loop-top sources is spatially extended. From the CLEAN

image shown in Figure 1, we derived a deconvolved source diameter of 15′′ (for details in

source size determination with RHESSI see Dennis & Pernak 2009 and Warmuth & Mann

2013). The limited quality of the RHESSI reconstructed images does not allow us to derive

fine structures within the above-the-loop-top source, and the derived source size has to be

understood as the second moment of the actual source shape. Despite the low intensity of

the coronal source, its large size compared to the footpoint areas makes its flux about a third

(32±3%) of the total HXR flux. This rather large fraction of non-thermal emission from the

corona could again be partially attributed to occultation of the flare ribbons, as was also

speculated for the Masuda flare (Wang et al. 1995).

2.1. RHESSI imaging spectrocopy

Images below ∼14 keV show the thermal flare loop only (Figure 2), and we therefore use

the spatially integrated spectrum below 14 keV to derive the temperature of the main flare

loops (T ∼23 MK and EM ∼ 4× 1048 cm−3 at 05:21UT; for the temporal evolution see Liu

et al. 2013). Assuming a spherical volume (V ∼ 7 × 1026 cm3), the density of the thermal

loop becomes nth ∼ 8×1010 cm−3; a typical value for flare loops (e.g. Caspi et al. 2013). To

get a separate spectrum of the chromospheric and coronal sources, we use RHESSI standard

imaging spectroscopy techniques (e.g. Krucker & Lin 2002, Battaglia & Benz 2006). Above

∼22 keV, images show the footpoints and the above-the-loop-top source, but not the main

thermal loop. The spectra derived from these images can be each fitted with a power-law

with slopes of 3.0±0.2 and 4.6±0.2 for the brighter footpoint and the above-the-loop-top

source, respectively. To get an estimate on the low energy cutoff of the above-the-loop-top

source, images at lower energies need to be studied. In the energy range between 14 and

22 keV, the thermal and non-thermal coronal sources are seen, as well as the footpoints.

This complex source structure containing two compact sources and two extended sources

makes it very challenging for RHESSI to reconstruct images (e.g. Hurford et al. 2002). To

enhance the image quality, we made coarse resolution clean images at ∼ 30′′ resolution that

cleanly separate the footpoint point emissions from the coronal sources, but did not separate

the thermal coronal source and the above-the-loop-top source. To get an estimate on the

low energy extent of the above-the-loop-top source, we made a fit to the combined coronal

sources with a thermal function and a broken power law, in the same way as it is generally
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done for flare-integrated spectroscopy. Within the uncertainties, we get the same thermal

fit as with the spatially integrated data (T ∼21 MK and EM ∼ 4 × 1048 cm) as well as

the same non-thermal power law (γ = 4.6). This new fit additionally gives the low energy

cut-off E0 ∼15 keV. To corroborate this result derived from low-resolution images, we made

high-resolution (∼ 12′′) images around the cut-off energy (Figure 2). The 16-18 keV images

shows the above-the-loop-top source is clearly visible at roughly the same intensity as the

thermal source. At 14-16 keV, the thermal source is stronger and the dynamic range of

RHESSI is just good enough to see the above-the-loop-top as an extended tail located above

the thermal source. At even lower energy, the thermal source completely dominates, and

the above-the-loop-top source is below the dynamic range of the image. Hence, the derived

cut-off energy has to be understood as an upper limit to the actual value of the cut-off energy,

as it is generally the case (e.g. Holman et al. 2011).

In summary, all the parameters for SOL2012-07-19T05:58 are typical for events with

very bright above-the-loop-top sources (e.g. Masuda et al. 1994, Ishikawa et al. 2011,

Chen & Petrosian 2012). The above-the-loop top source in the flare presented in this paper

strongly resembles the Masuda flare (Masuda et al. 1994), except that the size of the loop

and the above-the-loop-top source is almost three times larger and the main HXR peak lasts

about three times longer.

2.2. Differential emission measure derived from AIA

In this section we estimate the ambient density within the above-the-loop-top source

from SDO/AIA data to later derive the density of non-thermal electrons that produce the

observed HXR emissions from the above-the-loop-top. In a first step, the regularized DEM

code by Hannah & Kontar (2012) is applied to the SDO/AIA images to obtain differential

emission measure (DEM) distributions. From the integrated emission measure, the ambient

density before the onset of the HXR burst around 05:12 UT and during the main HXR peak

(05:22:30 UT) is then derived.

The SDO/AIA images do not show a source structure similar to the HXR above-the-

loop-top source, neither before nor during the main HXR burst, suggesting a rather low

density within the above-the-loop-top source (Figures 2 & 3). Before the main HXR burst,

the flare loop is clearly shrinking (see Liu et al. 2013 for details), as is often observed before

the impulsive phase of the flare (e.g. Forbes & Acton 1996, Krucker et al. 2003). At the

time of the HXR burst, no obvious changes are seen (Figure 3). After the main HXR bursts,

emission becomes more intense in the 131Å and 193Å images, with weaker changes seen

in the 94Å images. The 193Å image later forms a cusp shape structure, best seen several
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minutes after the HXR burst.

To get an estimate of the emission measure from within the HXR source, we sum the

EUV images over the location of the above-the-loop source (box with area A = 15′′ × 15′′

at the position of the HXR source). The derived DEM then represents the line-of-sight

integration through the above-the-loop-top source. Hence, it can contain emission from

within the HXR source, other flare-related emission outside the HXR source, and emission

not related to the flare from the foreground and background. The DEM curves before

and during the main HXR peak look surprisingly similar, with a bimodal distribution in

temperature having a cold component around 1.7 MK and a hot component around 11.5 MK

(Figure 4). The peaks are rather broad, with a FWHM covering a range from 1.1 MK to 2.3

MK and 8.3 MK to 15.5 MK, respectively. To test the derived double-temperature DEM,

we calculate the expected counts in each AIA filter from an idealized DEM consisting of two

Gaussians with peak temperature values taken from above and FWHM of dlogT=0.2 and

use them as input for the DEM code. The resulting DEM (Figure 4, right) shows that the

DEM code roughly reconstructs the input. The two temperature peaks are at the expected

values within a few percent and the emission measures of the hot and cold components are

within a factor of ∼ 2, but are generally underestimated. Repeating the simulations for

different widths of the temperature distribution shows that the reconstructed width is not

reproduced accurately, but the total EM, integrated over the whole temperature range is

always reproduced to within a factor of 2. Nevertheless, the simulation provides a positive

consistency check, and we conclude that the derived two-temperature DEM are most likely

real, and, that within the errors, the DEM is the same before and during the first HXR

burst. In the following we therefore only refer to the cold (EMc) and hot (EMh) emission

measures, without referring to time.

To derive the EM of the cold and hot components, the differential EM curve has to be

integrated separately over the two peaks resulting in EMc = 3.4 × 1045 cm−3 (at 1.7 MK)

and EMh = 2.3 × 1046 cm−3 (at 11.5 MK). Using the upper and lower limits of the DEM

(grey area in figure 4), we derive uncertainty ranges for the two components of about 35%.

However, the uncertainties of the derived emission measures are likely given by systematic

effects as discussed above and are about a factor of ∼2. The double peaked curve in Figure 4

at almost equal peak value can be misleading as the emission measure of the hot component

is actually eight times larger. From the EM and temperature of the two components, it

is straightforward to derive the contribution of the two components to the observed flux

in each filter. For filter 171Å, 193Å, 211Å, and 335Å the cold component dominates the

observed flux with ∼ 99%, ∼ 81%, ∼ 96%, and ∼ 56% coming from the cold component,

respectively. The hot component is mainly coming from the filters 94Å and 131Å with 76%

and 90%. These numbers give a glimpse of what the regularized DEM code actually does:
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sorting out the two temperature components and their emission measures by comparing with

the observed fluxes.

A reference box outside the flare site, but at the same radial distance, shows only

emission from a cold component with an emission measure of 2×1045 cm−3 (Figure 4). This

suggests that the cold component seen along the line-of-sight through the HXR source is most

likely from the foreground and background, while the hot component is flare-related (see also

Battaglia & Kontar 2012). However, we cannot exclude that part of the cold component

could be associated with the flare.

To derive the ambient density of the above-the-loop-top source, n0, we need to make

some assumption on the source depth d, the volume filling factor f (i.e. V = fV , where

f < 1), and the fraction α of the observed EM that is actually originating from within the

above-the-loop-top source:

n0 =

√
EM

V
=

√
αEMh

fdA
(1)

The simplest assumptions are a spherical symmetric source with d = 15′′, f = 1, and

that all emission comes from within the above-the-loop-top source (α = 1) giving no =

3 × 109 cm−3. A smaller value for n0 is obtained for α < 1 (only part of the hot plasma is

from within the above-the-loop-top source), and for larger source depths. A maximal d is

possibly the length of the flare ribbon as seen from STEREO/EUV at about 100′′, giving

no = 1×109 cm−3. Larger values of n0 can be obtained by assuming a very filamentary

source (d = 1′′ gives no = 1×1010 cm−3) or for a small filling factor. For a filling factor of

2 × 10−3, no becomes as high as the density of the main thermal loop at nth ∼ 8 × 1010

cm−3. In such a case, most of the volume of the above-the-loop-top source would be filled

with low-density plasma embedded with thin hot strands of high density that emit the EUV

emission. In summary, the ambient density is not so well constrained, but for the likeliest

parameters, n0 is in the range of a few times 109 cm−3, more than an order of magnitude

lower than the density of the main thermal loop nth ∼ 8 × 1010 cm−3. Higher values of n0

can be obtained by assuming a filamentary structure (i.e. small filling factor). The effect

of such a scenario on the derivation of the non-thermal electron density is discussed in the

next section.
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2.3. Instantaneous density of non-thermal electrons

From the observed non-thermal HXR spectrum and the ambient density, the instan-

taneous number of HXR producing electrons within the above-the-loop-top source can be

derived (e.g. Brown 1971, Lin 1974). Together with the volume V , the instantaneous non-

thermal electron density becomes

nnt = g(E0)n
−1
o V −1 (2)

where g(E0) depends on the power law fitting parameter (the normalization a0, the

power law slope γ, and the low-energy cut-off Eo; for details see Lin 1974). Since Eo is the

most critical parameter, we use the abbreviation g(Eo):

g(E0) = 1.2 × 1042γ(γ − 1)2(γ − 1.5)−1β(γ − 0.5, 1.5)a0E
−γ+1.5
0 (3)

where β is the beta function (missing factor of π has been added, see Lin & Hudson

1976). As for the thermal density estimation derived above, the non-thermal density depends

on the source depth that is not well constrained by observations. However, the ratio of non-

thermal to thermal density does not have this dependence:

R ≡ nnt
no

= g(E0)n
−2
o V −1 = g(Eo)EM

−1 (4)

R only depends on the HXR fit parameters and the EM derived from the EUV obser-

vations. For the EM of the hot component derived in Section 2.2 and the upper limit of E0

of 15 keV from Section 2.1, the lower limit of R becomes R > 0.5(E0/15keV )−3.1(EM/2 ×
1046cm−3)−1. The lower limit derived here is very close to the theoretical maximal value

of R = 1. Even if we change EM by a factor of 2 to take into account possible system-

atic uncertainties as discussed above, the cutoff energy E0 that gives R = 1 is between 10

keV and 15 keV. Hence, the actual value of E0 cannot be much below the observed upper

limit of 15 keV indicating that we have a very strong case for bulk energization within the

above-the-loop-top source.

In the following, we discuss the influence of α and f on the result that all electrons are

energized (R ∼ 1). In particular, we search for cases where R can be significantly lowered.

For α < 1, EM decreases and R increases. The effect of a filling factor f cancels out, at least

if the filling factor for non-thermal volume, fnt, is the same as for the thermal volume, fo.

For fnt < fo (i.e. non-thermal electrons are constrained within some parts of the thermal
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volume), R even increases by a factor fo/fnt > 1. For the case where the thermal EUV

emission only originates from some parts of the non-thermal volume (f0 < fnt), the derived

thermal density no would only represent part of the non-thermal volume while the density

of the remaining volume is unknown, but presumably smaller (at least if it is at the same

temperature). For the extreme case f0 << fnt, the density in Equation 2 has to be replaced

by the smaller density and R will increase. Hence, introducing a different filling factor of the

thermal and non-thermal volume does not reduce the ratio R, but rather increases it. Since

R is already close to unity, these considerations actually suggest that the filling factors fnt
and fo are approximately equal.

In summary, neither the filling factor, nor the fraction α, work in such a way as to

decrease the ratio R. Hence, we have a robust result that all electrons within the acceleration

region have been energized.

3. Summary & Discussion

The limb flare SOL2012-07-19T05:58 is a rare event with a very bright above-the-loop-

top HXR source as was first detected in the Masuda flare, and the present example is prob-

ably the best case of such a source with simultaneous RHESSI and SDO/AIA observations.

Considering the geometry and temporal evolution of the event, the location of the above-the-

loop-top source is rather in the reconnection outflow region, then in the reconnection region

itself (Liu et al. 2013), as was also speculated by Masuda et al. 1994. From the different AIA

filters, we derive the DEM along the line-of-sight of the above-the-loop-top source, both cold

and hot components are present, with the hot component most likely related to the flare.

From the emission measure together with the observed spectral parameters from RHESSI,

we derive the ratio of thermal proton density to non-thermal flare-accelerated electron den-

sity to be of the order of unity. This result does not depend on the unknown source depth

or the filling factor. Therefore, the derived ratio is a robust result indicating that a bulk

acceleration process energizes all electrons. This corroborates earlier findings (Krucker et

al. 2010, Ishikawa et al. 2011), but for the first time direct observations of the acceleration

region in EUV were used instead of using upper limits derived from HXR observations.

It is rather surprising that we do not see significant changes of the EUV emissions from

the above-the-loop-top source during the first HXR burst. Changes in the EUV emissions

within the volume of the HXR source are only observed later (after 05:23 UT), suggesting

that the formation of ions that are involved in the production of the EUV emission lines is

delayed. This could be the case, as the equilibration time of the non-thermal electrons and

the ambient ions could be a few minutes. However, this finding deserves a more detailed
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investigation that is outside the scope of this paper and shall be discussed in a separate

paper.

The density of non-thermal electrons within the acceleration region is estimated to be

a few times 109 cm−3, the same range as was reported by Krucker et al. 2010, Ishikawa et

al. 2011, and Fleishman et al. 2013 for different flares. The observed power-law distribution

of the accelerated electrons cannot extend much below the observed upper limit of 15 keV,

as otherwise the derived ratio R would become unphysical (i.e. larger than 1). The electron

distribution at lower energies is unfortunately not constrained by observations. The HXR

emissions related to those energies are dominated by the much brighter thermal flare loops

seen at lower altitudes. Oka et al. 2012 suggest that a κ-distribution could be present at

lower energy; a κ-distribution fit would work as well for the flare discussed in this paper, but

it is not constrained by the RHESSI data. Galloway et al. 2010 simulated how a non-thermal

power-law distribution with a sharp cut-off in energy would evolve in time. Their results

show that quickly a distribution would form at lower energies that is similar to a Maxwellian

distribution. To observe HXR emissions from such a distribution is generally not possible

because the thermal loops are usually too bright. To study the low-energy end of the HXR

spectrum from within the above-the-loop-top source would require that the main thermal

flare loop is occulted by the solar disk, so that only the above-the-loop-top source is seen;

we are currently working on such an event.
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Fig. 1.— Summary of the RHESSI imaging spectroscopy observations of the 2012 July 19

flare. On the left, the time profile of the non-thermal HXR flux at 30-80 keV is given in

blue, with the linear GOES curve shown schematically in gray in the background. The

time interval used to reconstruct the RHESSI image shown in the center panel is marked

in blue outlining the first HXR peak during the impulsive phase of the flare. The thermal

emissions in the 6-8 keV range (green contours at 20, 35, 50, 65, 70, 95%) show the location

of the main flare loops also seen in the 193 Å AIA image. The non-thermal HXR emissions

come from the footpoints of the thermal flare loops (blue contours at 30, 50, 70, 90%), but

also from above the main flare loop as outlined by the 30-80 keV contours. Relative to the

brightest foopoint, the extended coronal source is shown in contours at 2, 2.5, 3 %. The plot

on the right gives the imaging spectroscopy results: The black histogram gives the imaging

spectroscopy results for the combined coronal sources; the observed footpoint spectrum is

given by crosses. The green and red curves are the thermal and non-thermal fit to the

combined coronal sources, while the power-law fit to the footpoints is given in blue.
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Fig. 2.— RHESSI CLEAN imaging of the main thermal source and the above-the-loop-top

source around the fitted value of the cut-off energy of 15 keV. From left to right, the green

contours give the 12-14 keV, 14-16 keV, and 16-18 keV emission, respectively. For reference,

the 193 Å AIA image and the 30-80 keV contours of the above-the-loop-top sources from

Figure 1 are shown as well.
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Fig. 3.— Time evolution of the EUV emission at a 3-minute cadence in the three AIA filters

that are potentially sensitive to hot (> 8 MK) plasma around the location of the above-the-

loop-top HXR source (from top to bottom, the 94Å, 131Å, and 193Å images are shown).

The location and de-convolved size of the HXR source is given by the blue contour. The time

evolutions of the three wavelengths within the above-the-loop-top source are shown to the

right. The curves are normalized to the flux before the onset of the HXR burst; data points

after 05:28UT are saturated (for images without automatic exposure control) for the 193Å

channel and they are therefore not shown. The gray area schematically shows the HXR time

profile from Figure 1.
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Fig. 4.— Summary of the DEM analysis along the line-of-sight of the HXR above-the-loop-

top source: The left and center panels give the DEM at the onset of the flare (05:12UT)

and during the first main HXR peak (05:22:30UT), respectively. The derived DEM along

the line of site of the above-the-loop-top source is given in red with the gray band indicating

the uncertainties (see Hannah & Kontar 2012 for further details). The dashed blue curve

is the DEM of a reference box of the same size as the above-the-loop-top source taken at

the same radial distance away from the flare site at (948′′ /-388′′). The plot at the right

shows the results of a simulation of a DEM with two temperature peaks (black line shows

the total DEM that is composed of a cold (blue) and hot (red) component). The magenta

curve gives the DEM obtained by the regularized inversion code by Hannah & Kontar (2012)

and shows that the double temperature structure can indeed be reconstructed, at least for

the parameters relevant here.


