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SXR	
  impulsive	
  brightening	
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in	
  40+	
  Yohkoh	
  events.	
  
	
  
McTiernan	
  et	
  al.	
  1993,	
  	
  
Hudson	
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  al.	
  1994,	
  Tomczak	
  1999,	
  
Mrozek	
  &	
  Tomczak	
  2004	
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Other	
  observa.ons	
  of	
  (impulsive?)	
  1-­‐10MK	
  footpoints:	
  
	
  	
  Watanabe	
  et	
  al.	
  2010	
  (EIS),	
  Milligan	
  2011	
  (EIS),	
  Del	
  Zanna	
  et	
  al.	
  2011	
  (EIS),	
  	
  

Graham	
  et	
  al.	
  2013	
  (EIS),	
  Fletcher	
  et	
  al.	
  2013	
  (AIA)	
  

Background:	
  impulsive	
  SXR	
  footpoints	
  

Spectra	
  suggests	
  thermal	
  origin	
  >10	
  MK	
  
Suggested:	
  Collisional	
  beam	
  heaeng	
  

SOL1992-­‐01-­‐26T15:31	
  
GOES	
  class	
  X1.1	
  



1.  Can	
  we	
  observe	
  ribbon/footpoint	
  impulsive	
  
heaeng	
  with	
  SDO/AIA?	
  (94,	
  131	
  Å)	
  

2.  Are	
  the	
  SDO/AIA	
  data	
  consistent	
  with	
  other	
  
instruments/wavelengths?	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
e.g.	
  RHESSI	
  (HXR),	
  SDO/EVE	
  (EUV	
  spectral	
  lines)	
  

3.  Is	
  the	
  ribbon/footpoint	
  heaeng	
  consistent	
  
with	
  energy	
  deposieon	
  of	
  fast	
  electrons?	
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At	
  the	
  rising	
  and	
  impulsive	
  phases:	
  
ribbons	
  are	
  the	
  brightest	
  features	
  
at	
  94	
  and	
  131	
  Å	
  (and	
  all	
  other	
  filters)	
  
	
  
A	
  bright	
  coronal	
  spot	
  between	
  the	
  ribbons	
  	
  
is	
  also	
  evident	
  (Simões	
  et	
  al.	
  in	
  prep.)	
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Fig. 3. Normalised AIA lightcurves for all EUV/UV filters for each region of interest (ROI), as defined in Figure 2: East (orange) and West (green)
ribbons, and Middle spot (blue). RHESSI 15-25 keV counts (red) are shown as a reference of the impulsive non-thermal emission.

Å(MEGS-A); MEGS-B lines: Ne VII 465 Å, Si XII 499 Å, O
III 526 Å, O IV 554 Å, He I 584 Å, O III 600 Å, O V 630 Å,
O VI 790 Å, C III 977 Å, O VI 1032 Å. Many of the MEGS-B
lines show an impulsive behaviour, peaking near the HXR peak
time (06:25:46 UT), or with a slight delay. To investigate the
temporal association of these EUV lines and the HXR emission,
we took the sum of the background-subtracted and normalised
SDO/EVE lines which display impulsive behaviour as a way
to increase the signal-to-noise ratio, and compared this results
to RHESSI 15 and 25 keV count lightcurves (Figure 4). These
EUV lines show two distict peaks (06:25:48 and 06:27:08 UT)
near the HXR peaks. Also note that the onset and increase of the
sum is well associated with the HXR. We suggest that the pro-
cess that a↵ects the chromosphere (heating? change ionisation
state?) is correlated with the non-thermal electrons, whether the
electrons are the carriers of the energy or are accelerated locally
(Fletcher & Hudson 2008; Brown et al. 2009).

The impulsive response of several EUV lines sensitive across
a broad temperature range is further confirmed by the AIA
lightcurves for ROIs, see Figure 3. The EUV lines in EVE spec-
tral range corresponding to the AIA filters were too faint to be
detected (171, 193, 211 Å) or the impulsive burst is not easily
identified at lines dominated by a strong gradual component (94,
131, 304, 335 Å).

3.3. RHESSI Hard X-rays

RHESSI counts are shown in Figure 5, along with GOES flux.
The high-energy 25–50 keV HXR counts peak at 06:25:46 UT,
while the GOES SXR at 1–8 Åpeak at 06:38:30 UT.

RHESSI spectra were fitted with an isothermal plus a single
power-law, using OSPEX software. The non-thermal power-law
is assumed to originate from a cold, collisional thick-target. The
fitting parameters derived from RHESSI are shown in Figure
5, along with the same parameters estimated from GOES data.
Figure 5 presents the parameters of the non-thermal electrons:
spectral index �, total number of electrons per second F35 above
the the low-energy cuto↵ Emin needs re-phrasing. No attenuator
was active during the course of the event (state A0). The bottom
frame of Figure 5 shows the estimates of the thermal and non-
thermal energy (instantaneous and cumulated), using RHESSI
results.

3.3.1. Imaging spectroscopy

We applied the imaging spectroscopy technique for the three
main HXR sources observed, named East FP, Middle FP and
West FP. We synthesied RHESSI CLEAN images for 14 energy
bands, logarithmic spaced between 3 and 40 keV, using detec-
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Fig. 1. Temperature peak.

and fainter than during the impulsive phase. The HXR images
at lower (thermal) energies are well associated with the EUV
loops (not shown here). These observations indicate new bursts
of energy input into the flaring region. We will now focus on the
impulsive phase (up to 06:30 UT), when the impulsive peak in
the temperature happens.

3. Observations and analysis of the impulsive
phase

GOES and RHESSI observations indicate the presence of a im-
pulsive heating prior to the HXR peak, about 10 seconds. A
small amount of plasma is heated fast to about 13 MK subsen-
quently cooling of to 11MK in two minutes. This temperature
range is not very well constrained by AIA-DEM method, how-
ever the EM values in the range 7.9–12.6 MK peak about the
same time as the temperature derived from GOES and RHESSI.
The gradual rise of the EM values from AIA-DEM is showing
the filling of the loops with hot material, we believe, but the spike
comes from this impulsively heated material, with the two com-
ponents then contributing to the overall EM. The fast cooling of
the 13 MK source can be attributed to two mechanisms, namely,
conduction to the lower atmosphere and expansive evaporation
of the plasma into the coronal loops. Calculate the evaporation.

As we will show, a HXR-producing electron beam cannot
heat the low corona up to 10MK. This imediately rules out non-
thermal collisional heating as the source of the impulsive 13 MK
source.

At lower temperature ranges, the EM peak is more pro-
nounced, showing the fast increase and decrease of the heated
material - again fast heating and cooling processes acting the
sources. This behavior matches the EVE TR lines, which show
impulsive emission in time with HXR.

3.1. SDO/AIA imaging and lightcurves

SDO/AIA reveals two ribbons visible at all EUV/UV wave-
lengths during the impulsive phase, with bright coronal loops
visible at 94, 131 and 335 Åappearing after this period. A bright
spot located between the ribbons is visible at the impulsive phase
in all AIA wavelengths, also seen in HXR. Flows and dark fil-
aments in loop-like structures connecting the ribbons are also
identified at warm lines (e.g. 171, 193, 211Å).
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Fig. 2. Regions of interest (ROI) defined for the AIA images: East (or-
ange) and West (green) ribbons, and Middle spot (blue). The flaring
region (black) ROI was used to construct the AIA lightcurves in Figure
??.

We marked regions of interest (ROI) shown in Figure 2: East
(orange) and West (green) ribbons, middle spot (blue). We then
constructed normalised lightcurves for all AIA channels sum-
ming up the pixels for each ROI, shown in Figure 3. We also
show the HXR 15-25 keV count curve for an easy comparison
of the impulsive nature of the EUV/UV bands. The UV (1600
and 1700 Å), 304 Åand the warm (171, 193, 211 Å) channels
have similar enhancements during the impulsive phase, showing
impulsive emission from both ribbons and the middle spot, very
similar with the HXR non-thermal emission.

The main peak in all AIA filters is coincident with the HXR
main peak (06:25:46 UT), within the instrumental cadence (12
and 24 seconds for EUV and UV channels, respectively). A
secondary, less impulsive HXR peak at 06:27:14 is also well-
associated with most AIA channels, however with a possible de-
lay, although no bigger than the AIA cadence, 12 seconds. Now
comparing the three ROIs, the first peak is simultaneous at the
three ROIs in possibly all AIA filters. For the middle spot the
images at 193 and 304 Åsaturate, making the measurement at
the time unreliable. A third enhancement of the emission about
06:28:20 UT can be seen in all AIA filter for the East ribbon and
also visible or hinted at the West ribbon at 94, 171, 193, 211,
304, 335 Å. After about 06:30 UT the middle spot fades out at
all wavelenghts, with the enhancements seen for the middle spot
ROI (blue lines in Figure 3) are mainly caused by emission of
the coronal loops, while the ribbons slowly decrease their emis-
sion but remaining visible until the end of the event. At 94, 131
and 335 Åthe impulsive emission from thr ribbons and middle
spot, later on the dominated by the coronal loops emission.

3.2. SDO/EVE data

Although SOL2013-11-09 was a weak GOES flare (C2.7) sev-
eral EUV lines were enhanced above the pre-flare background
level. The lines with emission above 3-sigma of the pre-flare
background (taken between 06:00–06:20 UT) are Fe XVIII 94
Å, Fe XX 133 Å, He II 256 Å, He II 304 Å, Fe XVI 335
Å(MEGS-A); MEGS-B lines: Ne VII 465 Å, Si XII 499 Å, O
III 526 Å, O IV 554 Å, He I 584 Å, O III 600 Å, O V 630 Å,
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DEM	
  analysis*	
  of	
  AIA	
  data	
  shows	
  the	
  fast	
  increase	
  of	
  EM	
  at	
  a	
  broad	
  range	
  of	
  temperatures	
  Simões, Graham, Fletcher: Impulsive 10MK footpoints

 

1027

1028

1029

1030

E
M

 [
cm

−
5
]

06:24:06
West ribbon

 
 

06:25:18
West ribbon

 

 

06:25:54
West ribbon

 

 

06:26:32
West ribbon

 

1027

1028

1029

1030

E
M

 [
cm

−
5
]

06:24:06
Middle spot

 

 

06:25:18
Middle spot

 
 

06:25:54
Middle spot

 

 

06:26:32
Middle spot

6.0 6.5 7.0
log10 T

1027

1028

1029

1030

E
M

 [
cm

−
5
]

06:24:06
East ribbon

6.0 6.5 7.0
log10 T

 

06:25:18
East ribbon

6.0 6.5 7.0
log10 T

 

06:25:54
East ribbon

6.0 6.5 7.0
log10 T

 

06:26:32
East ribbon

Fig. 4. EM(T ) (cm�5) for the East and West ribbons and middle spot from AIA at selected times from pre-flare into the impulsive phase.

Table 1. RHESSI imaging spectroscopy results.

EM ⇥ 1047
cm

�3
T [MK] F35 s

�1 �
East FP 1.0 ± 0.5 10 ± 1 1.0 ± 0.3 5.7 ± 0.3
Middle FP 0.6 ± 0.3 12 ± 1 0.7 ± 0.2 5.2 ± 0.3
West FP 1.0 ± 0.7 10 ± 1 0.5 ± 0.2 4.9 ± 0.3
Unresolved 1.33 ± 0.02 11.81 ± 0.05 2.84 ± 0.04 5.61 ± 0.02

tors 3 to 8, integrated during the main impulsive phase 06:23:34
– 06:26:42 UT. The spectra were fitted with a isothermal plus
single power-law. For a better comparison, we also fitted the un-
resolved spectrum integrated for the same time interval. The re-
sults are shown in Table ??. The three HXR sources are very
similar, more details later.

We investigated the properties of the thermal plasma at the
Middle spot and compared with the East source and full un-
resolved spectral results. We constructed CLEAN maps (clean
beam width = 1.5; detectors 3-9) for nine time bins in the inter-
val 06:22:22 and 06:27:51 UT. The spectra were fitted with an
isothermal plus thick-target component. The latter was included
to achieve a better fitting for the temperature, as energies around
8–10 keV and above could not be adjusted with a thermal com-
ponent only, requiring a non-thermal tail.

We estimated the area of the Middle spot, both from RHESSI
imaging (above 70 percent) and AIA 94 A (above 15 percent).

We found AHXR = 4.6 ⇥ 1017 cm2 and AEUV = 1.4 ⇥ 1017 cm2,
i.e. di↵erent by a factor of ⇡ 3. From the EM and T values
found at near the peak (proper table later)
EM ⇥1049

cm

03 / A hxr - A euv ⇥1017
cm

2

0.0084 - 1.8- 6.0 ⇥1029
cm

�5

0.0045 - 1.0 - 3.2 ⇥1029
cm

�5

We found EM = 1�6⇥1029
cm

�5 at log T ⇡ 7.1 which agrees
with both AIA and EIS DEM analysis, within the uncertainties.
Considering that the point spread function (PSF) of RHESSI is
worse than that of AIA, we opt to use the area estimates obtained
from AIA images, thus EM = 3 ' 6 ⇥ 1029

cm

�5. Now, looking
at the EMD derived from AIA for the Middle spot (Figure 4),
we see the evolution of the plasma showing a slight increase at
log T ' 7, reaching a similar value of EM ⇡ 6 ⇥ 1029

cm

�5
(by

eye, I’ll get the right value soon) right before the HXR peak.
After this instant, most of AIA images saturate at 171, 193, 211
Å.

3.4. SDO/EVE data

Although SOL2013-11-09 was a weak GOES flare (C2.7) sev-
eral EUV lines were enhanced above the pre-flare background
level. The lines with emission above 3-� of the pre-flare back-
ground (taken between 06:00–06:20 UT) are Fe XVIII 94 Å, Fe
XX 133 Å, He II 256 Å, He II 304 Å, Fe XVI 335 Å (MEGS-
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Fig. 9. Time evolution of the EM (in cm�3 for a easier comparison with GOES and RHESSI results) at three temperature ranges 0.5–1.4, 1.8–3.2,
and 7.9–12.6 MK, for East ribbon, West ribbon, middle spot from AIA from pre-flare into the rising phase.
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Fig. 9. Time evolution of the EM (in cm�3 for a easier comparison with GOES and RHESSI results) at three temperature ranges 0.5–1.4, 1.8–3.2,
and 7.9–12.6 MK, for East ribbon, West ribbon, middle spot from AIA from pre-flare into the rising phase.
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Fig. 9. Background-subtracted SDO/EVE MEGS-B ines which display impulsive behaviour. Vertical dotted lines indicate peak times of HXR.

detected (171, 193, 211 Å) or the impulsive burst is not easily
identified at lines dominated by a strong gradual component (94,
131, 304, 335 Å).

4. Nature of the Middle source

The bright source located between the two ribbons only appears
during the impulsive phase (I). It is very bright at all EUV/UV
wavelengths and also at HXR. Inspecting the HXR spectra
(Figure ??) we note that photons above 10 keV are mostly as-
sociated with non-thermal emission. So, we constructed a series
of 12-15 keV images, using a time interval of 64 seconds, but
with steps of 10 seconds, this way we are able to investigate
the time evolution of the sources using images with high count
statistics. We then tracked the position of the centroid of the mid-
dle source and compared with the centroid of the EUV source,
using 94 Åimages. The centroid X position are plotted in Figure
??, as the source barely moves in the Y direction. Although there
is a displacement between the HXR and EUV centroids, the mo-
tion in the X direction is clear: it moves east then back to west,
spanning about 7–8 arcseconds. We also note that the EUV mo-
tion lags the HXR by some 20–30 seconds, but due to the large
time-integration intervals used to produce the HXR images and
12 seconds cadence of AIA, it is hard to confirm this delay.

4.1. SDO/HMI photospheric magnetic field

Figure 10 show SDO/HMI photospheric line-of-sight magne-
togram taken at 06:19:57 UT, overlaid by AIA 1600 Å contours
at 900 DN, near the main impulsive peak, 06:26:16 UT (red) and
at 06:36:40 UT (yellow), evidencing the flaring ribbons and the
middle bright spot. The active region is mostly divided into two
domains of opposite magnetic polarity (see left frame of Figure
10, clipped at �10 and 10 G), with the flaring ribbon located at
each side. The ribbons are not associated with the largest concen-
trations photospheric fields. The East ribbon seems to be associ-

ated with positive polarity patches of magnetic field embedded
on the negative polarity side of the AR. The photospheric mag-
netic field below the middle spot visible during the impulsive
phase is not very strong (less than 100 G).

Is this necessary? We have also checked the magnetic evolu-
tion prior the flare, and detected no major changes in the overall
polarity distribution, with no new flux emergence or rotations.
We inspected SDO/HMI LOS magnetogram di↵erence maps ev-
ery 10 minutes starting from 04:00 UT until 06:20 UT, with the
last one (06:10:12 and 06:20:42 UT). The strongest field vari-
ations were not greater than 80 G, and are very similar for the
entire interval considered. The di↵erence images include some
alignment and interpolation artifacts, thus the actual variation in
the photospheric field is probably smaller. The HMI images were
aligned by evaluating their cross-correlation, using a window of
100 pixels.

5. Discussion

5.0.1. Power budget at the 10 MK ribbon

We now examine the energy budget of the 10 MK plasma in
the East ribbon. Following Fletcher et al. (2013) we calculate
the power budget of the 10 MK plasma, considering radiative
and conductive losses and the collisional energy loss of the non-
thermal electrons as the energy input mechanism. The total col-
lisional power input Pcoll erg s�1 to the plasma can be inferred
from the collisional thick-target model by integrating the energy
loss (Emslie 1978; Fletcher et al. 2013)

Pcoll = FtotEc
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RHESSI	
  imaging	
  spectroscopy:	
  	
  
East	
  ribbon	
  and	
  Coronal	
  source	
  
Both	
  show	
  a	
  temperature	
  peak	
  
around	
  12	
  MK	
  along	
  with	
  a	
  steep	
  	
  
rise	
  in	
  the	
  EM	
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Simões, Graham, Fletcher: Impulsive 10MK footpoints
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Fig. 9. Time evolution of the EM (in cm�3 for a easier comparison with GOES and RHESSI results) at three temperature ranges 0.5–1.4, 1.8–3.2,
and 7.9–12.6 MK, for East ribbon, West ribbon, middle spot from AIA from pre-flare into the rising phase.
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RHESSI	
  and	
  GOES	
  
beser	
  sensievity	
  
to	
  T	
  >	
  10MK	
  
	
  
Both	
  show	
  similar	
  
impulsive	
  temperature	
  
peaks,	
  reaching	
  ~13	
  MK	
  
	
  
Fast	
  cooling	
  
e-­‐folding	
  eme	
  35-­‐55	
  s	
  
Consistent	
  with	
  	
  
conduceon	
  

Simões, Graham, Fletcher: Impulsive 10MK footpoints
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Fig. 1. Temperature peak.

and fainter than during the impulsive phase. The HXR images
at lower (thermal) energies are well associated with the EUV
loops (not shown here). These observations indicate new bursts
of energy input into the flaring region. We will now focus on the
impulsive phase (up to 06:30 UT), when the impulsive peak in
the temperature happens.

3. Observations and analysis of the impulsive
phase

GOES and RHESSI observations indicate the presence of a im-
pulsive heating prior to the HXR peak, about 10 seconds. A
small amount of plasma is heated fast to about 13 MK subsen-
quently cooling of to 11MK in two minutes. This temperature
range is not very well constrained by AIA-DEM method, how-
ever the EM values in the range 7.9–12.6 MK peak about the
same time as the temperature derived from GOES and RHESSI.
The gradual rise of the EM values from AIA-DEM is showing
the filling of the loops with hot material, we believe, but the spike
comes from this impulsively heated material, with the two com-
ponents then contributing to the overall EM. The fast cooling of
the 13 MK source can be attributed to two mechanisms, namely,
conduction to the lower atmosphere and expansive evaporation
of the plasma into the coronal loops. Calculate the evaporation.

As we will show, a HXR-producing electron beam cannot
heat the low corona up to 10MK. This imediately rules out non-
thermal collisional heating as the source of the impulsive 13 MK
source.

At lower temperature ranges, the EM peak is more pro-
nounced, showing the fast increase and decrease of the heated
material - again fast heating and cooling processes acting the
sources. This behavior matches the EVE TR lines, which show
impulsive emission in time with HXR.

3.1. SDO/AIA imaging and lightcurves

SDO/AIA reveals two ribbons visible at all EUV/UV wave-
lengths during the impulsive phase, with bright coronal loops
visible at 94, 131 and 335 Åappearing after this period. A bright
spot located between the ribbons is visible at the impulsive phase
in all AIA wavelengths, also seen in HXR. Flows and dark fil-
aments in loop-like structures connecting the ribbons are also
identified at warm lines (e.g. 171, 193, 211Å).

 9−Nov−2013 06:26:01.120
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Fig. 2. Regions of interest (ROI) defined for the AIA images: East (or-
ange) and West (green) ribbons, and Middle spot (blue). The flaring
region (black) ROI was used to construct the AIA lightcurves in Figure
??.

We marked regions of interest (ROI) shown in Figure 2: East
(orange) and West (green) ribbons, middle spot (blue). We then
constructed normalised lightcurves for all AIA channels sum-
ming up the pixels for each ROI, shown in Figure 3. We also
show the HXR 15-25 keV count curve for an easy comparison
of the impulsive nature of the EUV/UV bands. The UV (1600
and 1700 Å), 304 Åand the warm (171, 193, 211 Å) channels
have similar enhancements during the impulsive phase, showing
impulsive emission from both ribbons and the middle spot, very
similar with the HXR non-thermal emission.

The main peak in all AIA filters is coincident with the HXR
main peak (06:25:46 UT), within the instrumental cadence (12
and 24 seconds for EUV and UV channels, respectively). A
secondary, less impulsive HXR peak at 06:27:14 is also well-
associated with most AIA channels, however with a possible de-
lay, although no bigger than the AIA cadence, 12 seconds. Now
comparing the three ROIs, the first peak is simultaneous at the
three ROIs in possibly all AIA filters. For the middle spot the
images at 193 and 304 Åsaturate, making the measurement at
the time unreliable. A third enhancement of the emission about
06:28:20 UT can be seen in all AIA filter for the East ribbon and
also visible or hinted at the West ribbon at 94, 171, 193, 211,
304, 335 Å. After about 06:30 UT the middle spot fades out at
all wavelenghts, with the enhancements seen for the middle spot
ROI (blue lines in Figure 3) are mainly caused by emission of
the coronal loops, while the ribbons slowly decrease their emis-
sion but remaining visible until the end of the event. At 94, 131
and 335 Åthe impulsive emission from thr ribbons and middle
spot, later on the dominated by the coronal loops emission.

3.2. SDO/EVE data

Although SOL2013-11-09 was a weak GOES flare (C2.7) sev-
eral EUV lines were enhanced above the pre-flare background
level. The lines with emission above 3-sigma of the pre-flare
background (taken between 06:00–06:20 UT) are Fe XVIII 94
Å, Fe XX 133 Å, He II 256 Å, He II 304 Å, Fe XVI 335
Å(MEGS-A); MEGS-B lines: Ne VII 465 Å, Si XII 499 Å, O
III 526 Å, O IV 554 Å, He I 584 Å, O III 600 Å, O V 630 Å,

2
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  secs.	
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Heaeng	
  of	
  10	
  MK	
  ribbon	
  plasma	
  and	
  
energy	
  losses	
  by	
  conduc-on	
  and	
  radia-on	
  
	
  
RHESSI	
  shows	
  evidence	
  for	
  non-­‐thermal	
  electrons	
  at	
  
the	
  three	
  main	
  sources.	
  
	
  
Can	
  the	
  electron	
  beam	
  supply	
  the	
  energy	
  by	
  
collisional	
  hea-ng	
  (Fletcher	
  et	
  al.	
  2013,	
  Emslie	
  1978)?	
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  filling	
  factor=0.1)	
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SOL2013-­‐11-­‐09,	
  GOES	
  C2.7,	
  two-­‐ribbon	
  flare	
  
	
  
1.   Can	
  we	
  observe	
  ribbon/footpoint	
  impulsive	
  hea-ng	
  with	
  SDO/AIA?	
  
-­‐	
  	
  	
  	
  Early	
  heaeng	
  phase	
  of	
  ribbons	
  up	
  to	
  10MK	
  (AIA,	
  DEM)	
  
-­‐  Impulsive	
  heaeng	
  of	
  ribbons	
  up	
  to	
  10MK	
  (AIA,	
  DEM)	
  

2.	
  Are	
  the	
  SDO/AIA	
  data	
  consistent	
  with	
  other	
  instruments?	
  	
  
-­‐  EM	
  values	
  from	
  AIA	
  DEM	
  are	
  consistent	
  with	
  EM	
  from	
  GOES	
  and	
  RHESSI	
  
-­‐  SDO/EVE	
  TR	
  lines	
  well	
  associated	
  with	
  HXR	
  and	
  ~1MK	
  plasma	
  from	
  AIA-­‐DEM	
  

3.	
  Is	
  the	
  ribbon/footpoint	
  hea-ng	
  consistent	
  with	
  energy	
  deposi-on	
  of	
  fast	
  electrons?	
  
-­‐  Ribbon	
  plasma	
  is	
  heated	
  up	
  to	
  ~13	
  MK	
  and	
  cools	
  rapidly	
  to	
  10~11	
  MK	
  (RHESSI)	
  
-­‐  HXR	
  peak	
  lags	
  the	
  temperature	
  peak	
  (~10	
  secs)	
  
-­‐  Electron	
  beam	
  energy	
  is	
  NOT	
  sufficient	
  to	
  heat	
  the	
  ribbon	
  plasma	
  up	
  to	
  10	
  MK	
  
-­‐  Heaeng	
  by	
  Alfvén	
  waves?	
  (Emslie	
  &	
  Sturrock,	
  1982;	
  Fletcher	
  &	
  Hudson	
  2008,	
  

	
  Russell	
  &	
  Fletcher	
  2013	
  –	
  also	
  see	
  A.	
  Russell	
  poster)	
  

Summary	
  


