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Flares:	  Principles	  

•  Emission	  observed	  in	  con3nua	  

•  Accelerated	  electrons	  most	  
likely	  cannot	  reach	  below	  
chromosphere	  

•  Which	  mechanism	  excites	  the	  
white	  light	  emission?	  Where	  
does	  it	  originate?	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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Previous	  studies	  on	  WL	  height	  

Even	  if	  we	  see	  a	  source	  at	  the	  limb,	  its	  height	  is	  not	  trivial.	  
Need	  STEREO	  to	  determine	  its	  posiJon.	  
	  
Krucker	  et	  al.	  2015	  
	  

by up to ∼200 km (Battaglia & Kontar 2012, Figure 3). (4)
There is a significant dependence on the initial pitch-angle
distribution of the accelerated electrons because of the effects
of pitch-angle scattering and magnetic mirroring. (5) Field
lines could be tilted relative to the radial direction giving higher
altitudes for a given radial density distribution. The combined
effects (excluding the tilt) give a difference of ∼500 km
between strongly beamed and broadly beamed models
(Battaglia & Kontar 2012, Figure 7). For the energy range
relevant for this paper, around 30 keV (i.e., the range with the
best counting statistics in the non-thermal range), the range of
expected altitudes can be summarized as lying between ∼800
and ∼1500 km, if high-density models are excluded and field
lines in the radial direction are assumed. The values at the
lower end come from the more strongly beamed models, but
these are unlikely as other observations have shown little
evidence for strong beaming (e.g., Kontar et al. 2006). Hence,
the values at the upper end of the theoretical range are perhaps
favored for the standard thick target model, but even this is
uncertain, as the density structure of a flaring footpoint is
essentially unknown and is likely to differ from the standard
density models assumed to derive these altitudes. Furthermore,
for field lines different from radial directions (e.g., Smith
et al. 2003) the thick target source locations would be expected
at higher altitudes as well. Modified versions of the standard
thick-target model involving local or global re-acceleration of
electrons initially accelerated in the corona (e.g., Karlicky 1995;
Turkmani et al. 2006; Brown et al. 2009; Gordovskyy &
Browning 2012; Varady et al. 2014) can provide lower
altitudes of the energy deposition, but do not address the re-
acceleration in a quantitative way. If the energy transport from
the coronal energy release region is done by waves instead of
particles (Fletcher & Hudson 2008), the location of the HXR
emission could potentially be lower than the predication from
the thick target models, although acceleration at higher
densities (lower altitudes) is generally excepted to be less
effective as collisional loses increase with increasing density.

Conclusive observations of the absolute altitude of the HXR
and WL source could be provided by direct observations of at
least two widely different viewing angles. Currently there is no
such combination of observatories available; Solar Orbiter

might provide such an opportunity for both WL and HXR from
a deep-space platform, but its requirements on absolute
pointing knowledge for HXR are stringent and potentially
difficult to match. The closest currently available set of
observations comes from combined observations by the
Helioseismic and Magnetic Imager (HMI)/RHESSI/STEREO
(Martínez Oliveros et al. 2012), where the STEREO EUV
ribbon locations are used as a proxy for the WL and HXR
ribbon locations. This method only works for flares that are
close to disk center as seen from STEREO and close to the limb
(but on the front side) for RHESSI and SDO, in which case the
uncertainties due to the use of UV as a proxy for the WL
emission become small. The Martinez Oliveros results describe
a single flare, giving altitudes for the WL and HXR footpoints
of 305± 170 km and 195 km± 70 km, respectively. These
values are below the lowest of the expected values from the
thick target model discussed above, indicating a fundamental
flaw in the model or a radically different density distribution in
the flaring atmosphere than that expected. A confirmation of
these first results through further events is currently being
eagerly awaited.
This paper combines solar flare observations from the HMI

(Scherrer et al. 2012) and the RHESSI (Lin et al. 2002) where
the WL and HXR emission are seen above the solar limb. The
goal of this study is to set further observational constraints on
the height structure of the WL and HXR emission of flare
ribbons. Although the ribbon structure is seen from the side, the
observed altitude does not necessarily give the absolute altitude
for two reasons (see Figure 1 for a sketch of the possible
geometries): (1) The effect of occultation might make the
observed source height appear at a lower altitude. (2) Emission
from below U � 1 generally cannot escape, which will tend to
move the centroid to a higher altitude and make the source
appear fainter. For the optical observations, the limb (typically
defined as the inflection point of the image profile at 5000 Å) is
expected to be around ∼350 km (Haberreiter et al. 2008) above
:R , although Brown & Christensen-Dalsgaard (1998) place it

nearer to 500 km. Allen (1973) identifies the limb at 5000 Å as
U � 0.0045000 , also defining the base of the chromosphere, and
in the VAL-C model this opacity occurs at 370 km. The limb
height in standard semi-empirical atmospheric models refers to

Figure 1. Cartoon of potential scenarios for the interpretation of the observed altitudes of chromospheric sources near the limb. The black area represents the solar disk
as seen from the polar region, out to its true radial distance :R . The dashed line indicates the limb (inflection point), below which emission cannot freely escape. The
red circles give the altitude of chromospheric source with the arrow pointing in the direction of escaping radiation toward an observatory near Earth. On the left, the
ideal scenario with a source exactly in the plane of the sky and above the limb is shown. For the scenario where the source is slightly behind or in front of the limb as
seen from Earth, the observed source gives a slightly lower altitude. The next two scenarios shown to the right highlight the fact that sources from low altitudes are
invisible and that for elongated sources reaching below the inflection point only the top part can be seen. The scenario to the far right also includes fine structure such
as the Wilson depression.
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components gives consistent results (see Dennis & Per-
nak 2009). The emission perpendicular to the ribbon is
unresolved at RHESSI’s resolution of ´2. 3 (FWHM). The
HXR footpoint is seen down to ∼20 keV, with the 20–30 keV
image showing the same source morphology as at higher
energies, but with a centroid being insignificantly higher by
∼33 km. At even lower energies, the thermal emission from the
coronal flare loop dominates and emission from the footpoint
source is lost in the limited dynamic range of the RHESSI
images. The time evolution of the HXR emission reveals
similar altitudes for the other 10 time intervals during the
impulsive phase (Figure 2), with a trend toward slightly lower
altitudes with time (about 300 km over the 7 minutes of the
main HXR burst) that will be discussed below. The averaged
difference of the WL and HXR altitude is 31 km with a
standard deviation of 98 km. That the standard deviation is
similar to the estimated statistical errors indicates that the error
estimates are trustworthy. Within the statistical error, we
conclude therefore that the HXR and WL are co-spatial.

A trend toward lower altitudes in time is observed for WL
and HXR centroids (Figure 2, left bottom). This trend is most
likely due to an apparent motion when the source positions
change, but could also be due to an actual height change (see
Figure 1). Besides this apparent motion in the radial direction,
the northern source is also seen to systematically move along
the limb in time with an average projected speed of ∼8 km s−1

(Figure 7). This apparent footpoint motion is generally thought

to be due to the geometrical development of the reconnection
process (e.g., Krucker et al. 2005). The northern ribbon
structure seen in STEREO suggests that the ribbon direction
deviates only slightly from the line of slight as seen from Earth.
Nevertheless, it is unclear what the observed motion along the
limb corresponds to. It could be due to separation of the ribbon
as well as a foreshortened motion of a motion along the ribbon,
or a combination of these two. Motions along the ribbons could
produce the observed trend toward lower altitudes in time. The
observed decrease by 300 km could be the result of a change in
occultation heights by that amount. Starting exactly at the limb,
this would correspond to a change by 2◦. 9. This corresponds to
a distance of about 40Mm, and considering the 7 minute
duration, a projected footpoint speed of 100 km s-1. This is a
rapid footpoint motion speed, but not untypical for large flares
(e.g., Metcalf et al. 2003; Yang et al. 2009). On the other hand,
the estimated occultation height could be lower as the motion
could start not right at the limb, and then a smaller angle could
give the same effect. Despite all these unknowns, it is quite
plausible that the decreasing altitude is an effect of footpoint
motion. In such a case, the highest altitudes observed give the
best estimates of the actual altitude with values around 900 km.
Figure 7 further reveals that the HXR sources outline the

leading edge of the WL source, consistent with the picture that
the energization of the WL emission is due to the non-thermal
electrons that produce the HXR signal. The trail of the WL
emission behind the newly flaring part of the ribbon could

Figure 5. Zoomed view (15″ × 15″) around the stronger flare ribbon shown in Figure 3: The top row shows RHESSI Clean images reconstructed with the nominal
highest resolution of 2 ″. 3 FWHM. The RHESSI images shown below are reconstructed with an artificially reduced point-spread function of 1″.1 FWHM to roughly
match the resolution of the HMI images. The same contours are shown for the RHESSI (blue) and HMI (red) images at 50, 70, 90% (for the more complex flare ribbon
of the November 20 flare additional levels at 10 and 30% are shown).
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seen by STEREO also shows a brighter emission from the
northern ribbon.

The WL and HXR from the flare footpoints are both seen
clearly above the limb. As the weaker southern ribbon is
difficult to analyze, the northern ribbon with good counting
statistics is discussed in the following (Figure 5). To enhance
the WL flare emission, the pre-flare image has been subtracted.
Radial profiles of the pre-flare and flare emissions and their
difference are shown in Figure 6 for the stronger northern
source. Around the peak time of the WL emission in the
northern ribbon, a Gaussian fit to the radial profile gives an
altitude of the peak of around 824± 70 km above the
photosphere (where the error is the systematic uncertainty
mentioned above). The flare (excess) intensity is of the same
order of magnitude as the pre-flare intensity at the radial
distance of the WL flare source. The radial extent of the
emission is ∼860 km (FWHM), after applying a rough
deconvolution with the PSF given in Yeo et al. (2014). The
time variations of the WL source altitudes are given in Figure 2
(bottom left). The smoothness of the curve confirms that the
systematic errors are indeed larger than the statistical errors.

These are all apparent values, as projection effects can lower
the actual source altitude. An additional uncertainty is that the
existence of multiple sources along the LOS can enlarge the
apparent radial extent. The best estimate from the STEREO
images suggests that the WL source is about +0◦. 7 on disk when
seen from Earth (it has been assumed that the center of the
saturated area in the STEREO image (Figure 4, left)
corresponds to the WL emission). This would give a projection
effect of 51 km, a value of the same order as the HMI
systematic uncertainties, taken as 70 km. An extremely
conservative estimate can be derived assuming that the WL
emission comes from the farthest end of the ribbon giving
<500 km for the occultation height. Hence, the most likely
altitude of the peak of the WL emission is around 875 km, with
a conservative upper limit of ∼1400 km.
The HXR (30–100 keV) centroid derived from the RHESSI

data, using simultaneous sampling with the WL image
discussed above, gives a radial distance of 946± 103 km.
The error given is the statistical error derived from forward
fitting of the RHESSI visibilities (e.g., Hannah et al. 2008);
estimating the location from the different locations of the clean

Figure 4. STEREO 193 A images of the three flares near the times of the images shown in Figures 3 and 4. The white grid is shown with a separation between
individual lines of 1°. The limb (for this plot defined by the height of the photosphere) as seen from Earth is shown in orange and the line-of-sight through the WL and
HXR sources as seen from Earth are given in green. The EUV emission from the flare is saturated for all events. Nevertheless, a rough estimate of the location of the
WL and HXR source can be derived from theses images; Table 1 summarizes these values.

Table 1
Parameters of the WL (617.3 nm) and HXR (30–100 keV) Footpoints (Values of the Stronger Footpoint (see Figure 5) are Shown in Bold)

Parameters 2012 Jul 19 2012 Nov 20 2013 May 13

HMI time 05:21:40.7 12:39:26.5 02:12:37.8
GOES flare class M7.7 M1.7 X1.7
Locationa of N ribbon (best guessb) +0◦. 7 −0◦. 5 −1◦. 0
Projection effectb N (best guessb) 51 km 27 km 105 km
Location of N ribbon (conservativeb) +2◦. 2 to −1◦. 4 −0◦. 1 to −1◦. 3 +1◦. 2 to −2◦. 2
Projection effect N (conservativeb) <500 km <180 km <500 km
Location of S ribbon (best guessb) −1◦. 0 �0.6o −1◦. 2
Projection effect S (best guessb) 104 km 39 km 150 km
Location of S ribbon (conservativeb) +0◦. 5 to −1◦. 8 −0◦. 1 to −1◦. 3 +2◦. 4 to −4◦. 1
Projection effect S (conservativeb) <340 km �180 km <1800 km
WL altitude 824 ± 70 km 799± 70 km 810± 70 km
WL radial extent (FWHM) ∼862 km ∼652 km ∼839 km
HXR altitude 946 ± 103 km 746± 51 km 722± 140 km

a Positive values correspond to on-disk locations, negative to locations behind the limb.
b Estimated from STEREO observations.
b Projection effect gives the distance the observed altitude appears lower than the actual altitude due to the deviation of the source location away from the limb (see
Figure 1).
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RHESSI	  HXR	  and	  HMI	  white	  light	  emission	  for	  3	  different	  flares	  

background+	  red	  contours.:	  
HMI	  difference	  images	  

blue:	  HXR,	  30-‐80	  keV	  
nearly	  co-‐spa3al!	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  

Krucker	  et	  al.	  2015	  
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Figure 3. STEREO-B/EUVI image in the 195 Å band taken at 07:31:01.095 UT. The flare occurs near disk center and results in image saturation as shown. The line
shows the geocentric limb, demonstrating that the flare was not occulted.

2011, private communication). Thus, to a first approximation,
the mean row on each column (horizontal in the raw image) gives
the centroid of the image brightness on that column. For the set
of columns associated with each of the footpoints, we therefore
estimate the heliographic coordinates and their uncertainties
(Table 1) from the scatter of the data. These coordinates agree,
to within a few arcsecond, with the positions of the WL and
HXR sources (see Figure 1). The component of the uncertainty
in the radial direction is small, as described below in the height
measurement, because of the foreshortening. The geometrical
assumption here is that the heliographic coordinates of the EUV
and HXR sources coincide, as they do in the impulsive phase
of a flare (e.g., Fletcher & Hudson 2001; Krucker et al. 2011).
We also implicitly assume that the EUV source is at zero height;
we checked the uncertainty resulting from this systematic term
and incorporate it in the height measurements. The result of
these calculations give us a height for the northern and southern
HXR sources of 4.2 × 102 and 2.1 × 102 km, respectively, with
an uncertainty of 2.4 × 102 km in both cases. The height of the
intensity continuum sources was of 2.3 × 102 and 1.6 × 102 km
for the northern and southern sources, with uncertainties of
1.0 × 102 km for both measurements. These results are shown
schematically in Figure 4.

We note several other unknowns present in this procedure:
the EUV and HXR sources may not actually have coincided in
heliographic position; the images are not exactly cotemporal,
since the EUV image has only an 8 s exposure time, so source
variability could contribute to misalignment; finally, although
impulsive-phase EUV and HXR sources can coincide precisely,
some do not (see references in Fletcher et al. 2011). We
mention these items for completeness but note that the extreme
foreshortening minimizes their significance in this analysis.

Figure 4 shows the computed height of unit optical depth to
Compton scattering at about 350 km. We estimated this from the
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Figure 4. Schematic view of the source heights determined for the centroids of
the two footpoint sources of SOL2011-02-24. Red points with errors show
the hard X-ray source centroids (>30 keV), and black points the white-
light sources. The horizontal solid line with error bar is the zero point of
the height measurement, set at the projected position of the corresponding
STEREO sources. The two dashed lines show the τ = 1 points for Compton
scattering opacity (red) and a scaled optical opacity (black). The heights and
their uncertainties for the (N, S) footpoints are 4.2(2.1)±2.4×102 km for HXR
and 2.3(1.6) ± 1.0 × 102 km for WL.
(A color version of this figure is available in the online journal.)

one-dimensional semiempirical models of Fontenla et al. (2009),
taking the Compton cross-section at 40 keV, a slightly higher
energy than the 30 keV threshold for our HXR imaging. In such
a simple model atmosphere, we would not expect appreciable
HXR emission to be detectable. Note that this consideration
would not affect the albedo source expected from a higher-
altitude source, such as that implied by the thick-target model.
Figure 4 also shows an estimate of the height of unit optical

4

Emission	  heights	  	  (red:	  HXR,	  black:	  WL)	  
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(a)

(b)

(c)

Figure 1. HMI intensity continuum difference image (prime, 07:31:13.40 UT; reference, images from 07:25–07:28 UT) combined with white-light difference and
RHESSI CLEAN contour plots (red and blue, respectively). The hard X-ray images (30–80 keV) made with the CLEAN technique for the interval 07:30:50.9–
07:31:35.9 UT, exactly that of the HMI cadence. These images were made with RHESSI subcollimators 1–4, with uniform weighting, giving an angular resolution
(FWHM) of 3.′′1. The orange contours in panel (a) show the 6–8 keV soft X-ray source at the same time, defining a loop structure connecting the footpoints. The dotted
line shows the locus of the STEREO/EUVI source positions, which in this projection show the projected angular location of the photosphere (see Section 4).
(A color version of this figure is available in the online journal.)

Observatory (SDO) spacecraft via its Helioseismic Magnetic
Imager (HMI) instrument (Schou et al. 2012). This event,
SOL2011-02-24T07:35 (M3.5), occurred just inside the limb
(NOAA coordinates N14E87), so that source heights could be
compared by simple projection. We analyze data from RHESSI,
HMI, and the Extreme Ultraviolet Imager (EUVI) on Solar-
Terrestrial RElations Observatory (STEREO-B). Battaglia &
Kontar (2011) have already studied this flare, using the same
data but without reference to the STEREO-B observations.

2. THE OBSERVATIONS

The flare we study here (Figure 1) occurred close to the
geocentric east limb. Both HXRs and WL emission come clearly
from the visible hemisphere, as we establish below via the
use of STEREO-B/EUVI images. Figure 1 shows the HMI

intensity continuum difference image at 07:31:13.40 UT, with
the reference image constructed as the average of HMI data
from 07:25–07:28 UT. The WL contrast and area for this M3.5
flare are consistent with the trends found in surveys (Matthews
et al. 2003; Hudson et al. 2006; Wang 2009) based on Yohkoh,
TRACE, and Hinode observations, respectively.

The emission time series (Figure 2) shows the timing behavior
of HXR and soft X-ray emissions typical of WL flares (e.g., Rust
& Hegwer 1975; Watanabe et al. 2010), and (again typically) we
find a close match between the HXR and WL variations (e.g.,
Krucker et al. 2011). The time series show WL differences
relative to a pre-flare reference interval (07:25–07:28 UT). The
gradually increasing disagreement between the two footpoint
light curves is the behavior expected for base-difference images
in the presence of normal photospheric variability, which has
timescales of minutes due to p-modes and granulation.

2

determined	  height	  together	  
with	  STEREO	  data	  

Heights	  in	  different	  studies	  disagree	  significantly	  (~800	  km	  vs.	  300	  km)	  
Spectra	  contain	  more	  informa3on	  about	  WL	  mechanisms.	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  

MarJnez	  Oliveros	  et	  al.	  2015	  
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Some	  theory:	  

•  electrons	  probably	  stopped	  
in	  chromosphere	  

•  hydrogen	  recombinaJon	  
(=jumps	  in	  spectra)	  

chromosphere	  

photosphere	  

emission	  

•  backwarming	  may	  heat	  
photosphere	  

•  H-‐	  and	  hydrogen	  conJnua	  

Con3nuum	  Emission	  
Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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Open	  ques3ons	  for	  flares:	  
	  
-‐  Where	  does	  the	  conJnuum	  radiaJon	  form?	  
-‐  How	  is	  flare	  energy	  dissipated?	  
-‐  What	  fracJon	  of	  flare	  energy	  goes	  into	  

radiaJon?	  

=>	  check	  emission	  in	  the	  con3nuum	  (and	  lines)	  
	  

Flare	  Energe3cs	  
Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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Flare	  Energe3cs	  

Red	  dwarf	  flare	  spectrum	  (Kowalski	  et	  al.	  2011)	  

-‐	  dMe	  (red	  dwarf)	  
flare	  spectrum	  	  

-‐	  Vega	  (A0),	  T=16500	  K,	  
no	  flare	  

Stellar	  spectra	  have	  advantages:	  	  
1)	  wider	  spectral	  coverage,	  2)	  larger	  field	  of	  view	  (whole	  star)	  

Solar	  flare	  spectra	  (Hudson	  et	  al.	  2010)	  

=>	  Combine	  mulJple	  instruments	  for	  solar	  flare	  spectra	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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Flare	  Energe3cs	  

Wide	  solar	  flare	  spectrum:	  
Combine	  IRIS	  (UV),	  HMI	  (vis),	  FIRS	  (IR)	  and	  RHESSI	  (X-‐rays)	  
	  
March	  29,	  2014	  X1	  flare	  

Dunn	  Solar	  Telescope	  
(observing	  campaign)	  

IRIS	  

coordinaJon	   coordinaJon	  

Hinode	  

RHESSI:	  
-‐	  Caught	  full	  flare	  

SDO:	  
-‐	  AIA	  and	  HMI	  

STEREO:	  
-‐	  Recorded	  CME	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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2014-‐03-‐29,	  X1	  flare:	  IRIS	  &	  RHESSI	  

HXR	  30-‐70	  keV:	  blue	  
IRIS	  1400	  SJI:	  background	  
image	  

IRIS	  slit	  crossed	  HXR	  footpoint	  during	  X1	  20140329.	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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IRIS:	  2014-‐03-‐29	  (X1.0),	  WL	  emission	  

DetecJon	  of	  the	  Balmer	  conJnuum.	  
The	  whole	  spectrum	  is	  enhanced	  at	  some	  locaJons.	  color-coded positions along slit for other plots
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Heinzel	  &	  Kleint,	  ApJL	  794,	  23,	  2015	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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IRIS:	  2014-‐03-‐29	  (X1.0),	  WL	  emission	  

DetecJon	  of	  the	  Balmer	  conJnuum.	  
The	  whole	  spectrum	  is	  enhanced	  at	  some	  locaJons.	  

2014-03-29T17:47:19.690
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Heinzel	  &	  Kleint,	  ApJL	  794,	  23,	  2015	  

example	  spectra	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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IRIS:	  2014-‐03-‐29	  (X1.0),	  WL	  emission	  

DetecJon	  of	  the	  Balmer	  conJnuum.	  
The	  whole	  spectrum	  is	  enhanced	  at	  some	  locaJons.	  

2014-03-29T17:47:19.690
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Heinzel	  &	  Kleint,	  ApJL	  794,	  23,	  2015	  

example	  spectra	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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Pre−flare
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Coordinates [arcsec]:

Kleint,	  Heinzel,	  Judge	  &	  Krucker,	  ApJ,	  816,	  88,	  2016	  

NUV	  increases	  more	  than	  VIS+IR.	  Therefore	  Balmer	  con3nuum,	  not	  H-‐	  in	  
UV.	  	  
=>	  Con3nuum	  has	  contribu3on	  from	  H-‐	  (VIS+IR)=photosphere	  and	  
hydrogen	  recombina3on	  (UV)=chromosphere.	  

Con3nuum	  Emission:	  X1	  Flare	  
Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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A	  simple	  blackbody	  is	  not	  a	  good	  fit	  to	  the	  con3nuum!	  
	  
Because	  con3nuum	  forms	  at	  different	  heights	  
(temperatures).	  NUV	  =>	  chromospheric	  Balmer	  cont.	  
	  
Use	  radia3ve	  transfer	  modeling.	  

Con3nuum	  Emission	  
Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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Modeling	  with	  RH	  code	  (Uitenbroek	  2001)	  
only	  small	  photospheric	  
temperature	  increase	  

only	  small	  blackbody-‐
type	  enhancement	  

close	  to	  
observed	  values	  

large	  jump	  in	  
chromosphere,	  
large	  increase	  in	  
photosphere	  

Con3nuum	  Emission	  

=>	  talk	  by	  Petr	  Heinzel	  for	  more	  details	  about	  modeling	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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How	  is	  flare	  energy	  dissipated?	  
	  
Compare	  energy	  input	  derived	  from	  RHESSI	  (accelerated	  
electrons)	  to	  
energy	  output	  in	  con3nuum	  and	  line	  radia3on.	  	  

parJcles	   radiaJon	  
(lines	  +	  
conJnuum)	  

kineJc	  energy,	  
heaJng,	  change	  of	  B	  

Flare	  Energe3cs	  
Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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Input	  energy	  calculated	  from	  
RHESSI	  (cutoff	  20	  keV):	  
3.5	  ×	  1011	  erg	  s−1	  cm−2	  	  
	  
	  
valid	  for	  a	  Jme	  when	  RHESSI	  HXR	  
and	  IRIS	  slit	  coincided.	  

Energy	  input:	  RHESSI	  
Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  

footpoint	  area	  

energy	  deposiJon	  rate	  [erg/s/cm2]	  
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RHESSI	  (red)	  and	  IRIS	  slit	  (blue)	  coincided	  =>	  input	  vs.	  output	  

Input	  energy	  calculated	  from	  
RHESSI	  (cutoff	  20	  keV):	  
3.5	  ×	  1011	  erg	  s−1	  cm−2	  	  
	  
Energy	  losses	  in	  the	  conJnuum:	  
8	  ×	  1010	  erg	  s−1	  cm−2	  	  
	  
=>	  ~20%	  	  of	  input	  energy	  emimed	  
by	  con3nuum	  (method	  not	  
exact!)	  
	  

Future	  step:	  esJmate	  radiaJon	  by	  spectral	  lines,	  heaJng	  

Con3nuum	  Emission:	  X1	  Flare	  
Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  
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Summary	  

Ø  Height	  of	  con3nuum:	  Contribu3on	  from	  photosphere	  and	  
chromosphere.	  Energe3cs	  agree	  with	  backwarming	  model.	  

	  
	  
Ø  Flare	  Energe3cs:	  can	  inves3gate	  Balmer	  con3nuum	  and	  

white-‐light	  flares	  by	  combining	  instruments.	  ~20%	  of	  input	  
energy	  [for	  cutoff	  20	  keV]	  goes	  into	  con3nuum	  radia3on.	  

Introduc3on	  –	  Height	  of	  WL	  –	  Energy	  dissipa3on	  


