
Mem. S.A.It. Suppl. Vol. 14, 193
c© SAIt 2010

Memorie della

Supplementi

Integrated Ly-α intensity emission in ribbon
ares

F. Rubio da Costa1,2, L. Fletcher2, N. Labrosse2, and F. Zuccarello1

1 Department of Physics and Astronomy, University of Catania, Via S. Sofia 78, 95123,
Catania, Italy, e-mail: frdc@oact.inaf.it

2 Department of Physics and Astronomy, University of Glasgow, Glasgow, G12 8QQ, U. K.

Abstract. We have analyzed two flares observed by TRACE in Lyα (on 8th September
1999 and 28th February 1999) in order to deduce their morphology, temporal evolution, ra-
diative outputs and compare these results with data obtained in the X-range (SXT and HXT
on Yohkoh) and with magnetograms (MDI/SOHO). These observational data and the results
obtained by a theoretical study of the intensity of the radiation emitted by hydrogen lines,
contribute to construct semi-empirical and theoretical models of the chromospheric emis-
sion during flares. Future observations by the planned Extreme Ultraviolet Imager selected
for the Solar Orbiter mission -which will have a Lyman alpha channel- and this work, can
help in designing observational flare studies.
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1. Introduction

The collisional thick target electron beam heat-
ing model for a flare proposes that the chro-
mospheric flare heating and enhanced radiation
arises as a result of energy deposition and ioni-
sation by a beam of electrons accelerated in the
corona. The electron beam model has proved
reasonably successful in the context of both
Lyα and Hα observations (Radziszewski et al.
2007) and we use this as a working hypothesis
in interpreting the observations presented here.

We have studied two different flares ob-
served by TRACE at 1216 Å and 1600 Å
channels. We corrected the 1216 Å images
using the procedure proposed by Handy et al.
(1999), to estimate the flare Lyα intensity. The
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1216 Å channel is strongly contaminated by
lines of CIV, so the correction involves taking
a linear combination of the intensities in the
TRACE 1216 Å and 1600 Å (CIV) channels.

2. NOAA 8690

In active region NOAA 8690, an M1.4 flare
(with peak at 12:13:20 UT) occurred on 1999
September 08. 1216 Å and 1600 Å TRACE
images, to study this flare, we used also X-
ray data from SXT and HXT onboard Yohkoh
(Rubio et al. 2009).

Fig. 1 (top panel) shows the overlay of soft
X-ray emission on Lyα images. The first two
images are from the impulsive phase, and the
third is from the gradual phase. The bright
emission seen in the Lyα images is spatially
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Fig. 1. [top]: Temporal evolution of the Yohkoh/SXT source (blue contours), using the Be filter
data, superposed on the nearest Lyα images. The contour levels are 1%, 5%, 10% and 50% of the
peak counts in each SXT image. [bottom]:Temporal evolution of the 33-93 keV source (green
contours), superposed on the nearest Lyα images.

well correlated with the strongest emission
seen in the SXT images.

Fig. 1 (bottom panel) shows the hard X-ray
flare sources overlaid on Lyα emission. The
hard X-rays sources and the Lyα footpoints
show a good coincidence.

The hard X-rays light curves from the early
impulsive phase and in the gradual phase are
shown in Figure 2. Only the earliest part of
the impulsive phase was observed before the
Yohkoh data downlink. The flare was in its
gradual phase when observations started again.

Using data acquired during the first
minute of the impulsive phase observed by
Yohkoh/HXT, we calculated the electron beam
power under the assumption of a chromo-
spheric collisional thick target. We fitted the
photon spectrum using the equation:

I(ε) = Aε−γ photons cm−2 s−1 keV−1, (1)

where I is the photon flux at the energy ε in
keV, γ is the power law index and A is a nor-
malisation constant.

The results indicate that the spectrum is
well fitted by a power law with index 3.40,
which indicates a very hard spectrum, there-
fore we can conclude that the hard X-ray emis-
sion above 14 keV was produced by nonther-
mal electrons.

Fig. 2. Time profile of corrected TRACE Lyα
flux shown as purple triangles, and hard X-
Ray counts/subcollimator/second taken with
Yohkoh/HXT. The four different channels are
14-23 keV (L), 23-33 keV (M1), 33-53 keV
(M2) and 53-93 keV (H). The small box shows
the HXT time profiles at the beginning of the
flare at higher time resolution.

Moreover, we deduced the instantaneous
electron energy flux at injection, above some
‘cut-off’ energy Ec, assuming that the power-
law part of the spectrum is generated by
electron-proton bremsstrahlung in a collisional
thick target process. Assuming the Bethe-
Heitler cross section, the following equation
can be used (Fletcher et al. 2007):
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Table 1. Parameters derived from
Yohkoh/HXT data. Power law index γ (3.399
± 0.008) and the normalization constant A
([2.43± 0.08]× 105) are from the fit to a single
power law.

EC P
15*1027 8.61 ± 0.28
20*1027 4.31 ± 0.14
25*1027 2.53 ± 0.08

P(E ≥ Ec) = 5.3 × 1024γ2(γ − 1) ∗
B
(
γ − 1

2
,

3
2

)
AE1−γ

c ,

where B is the beta function and A is the nor-
malization constant of the photon spectrum
I(ε). We used three values of Ec and calculated
the instantaneous beam power carried by elec-
trons above this energy. In Table 1, we present
the parameters derived from the single power
law fit. These values are consistent for a small
M-class flare, and are also adequate to power
the Lyα losses.

3. NOAA 8471

The flare occurred on 1999 February 28 in ac-
tive region NOAA 8471 was catalogued as a
M6.6 class flare, with a maximum at 16:42:06
UT. We used 1216, 1600 and 171 Å TRACE
images and some magnetograms acquired by
MDI, in order to study the event and the evolu-
tion of the magnetic field configuration.

The 171 Å TRACE image (see Fig. 3 mid-
dle) shows the configuration of the flare loops
at the impulsive phase. In the early stage of the
impulsive flare phase (at 16:33 UT), TRACE
1216 Å and 1600 Å images show a plasma
eruption blowing up from the flare site, with-
out any clear flare ribbon (see Fig. 3 left).

Using the potential field extrapolation
method introduced by Alissandrakis (1981),
we have reconstructed the 3D magnetic field
above the photosphere, using the MDI magne-
togram acquired before the flare (at 13:10:02
UT) (See Fig. 3 right). The comparison be-

Table 2. Observed Lyα intensities for the
two flare studied. The values are given in
ergs−1cm−2sr−1.

Flare Lyα Intensity
08/09/1999 (M1.4) 2.68 ∗ 107

28/02/1999 (M6.6) 4.21 ∗ 106

Table 3. Calculated Lyα intensities for 6 dif-
ferent flare models. The values of the intensity
are given in 106 ergs−1cm−2sr−1.

Model µ = 0.2 µ = 0.6 µ = 1.0
F1 3.01 3.05 3.11
F2 6.14 6.29 6.50

Model 1 5.90 6.10 6.27
Model 2 8.31 8.53 8.80
Model 3 3.76 3.90 3.98
Model 4 5.89 5.95 6.09

tween the 171 Å image and the potential field
extrapolation shows a good agreement.

4. Lyα Intensity

In Table 2 we report the Lyα intensity esti-
mated for both flares at the footpoints (for de-
tails see Rubio et al. (2009)).

We computed the electron and hydrogen
level population and hydrogen line profiles in
order to describe the variation of hydrogen
lines during flares.

We used two temperature-height distri-
bution flare models given by Machado et al.
(1980): F1 is for faint flares and F2 for brighter
flares. Some different models between F1 and
F2 have been constructed (like a linear combi-
nation between F1 and F2) to study how the in-
tensity of the Lyα line emission might change
with the variation of the temperature and the
microturbulent velocity at different layers. We
calculated the value of the integrated intensity
under the profile of the Lyα line for different
values of µ = cos θ, where θ is the angle be-
tween the normal and the line of sight (see
Table 3).

Comparing these values with the values in-
ferred from the Lyα images, we can deduce
that the measured Lyα intensity at the flare
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Fig. 3. [Left]: Temporal evolution of the flare in Lyα at the maximum of the impulsive-phase of
the flare. [Middle]: Image of the flare at 171 Å. [Right]: Potential magnetic field extrapolation of
the active region NOAA 8471 some hours before the flare, at 13:10:02 UT.

Table 4. Values obtained using different mod-
els of temperature and changing the microtur-
bulent velocity. The values of the intensity are
given in 106 ergs−1cm−2sr−1.

Mod.T Mod.υ µ = 0.2 µ = 0.6 µ = 1.0
Mod.1 ν1 5.90 6.09 6.27

ν2 5.35 5.67 5.86
ν3 6.10 6.17 6.30

Mod.2 ν1 8.31 8.52 8.78
ν2 7.67 8.08 8.38
ν3 8.65 8.67 8.85

Mod.3 ν1 3.76 3.90 3.98
ν2 3.37 3.54 3.64
ν3 3.85 3.95 4.00

footpoints in NOAA 8690 is higher than that
inferred theoretically.

Moreover, we have constructed three other
models, as a linear combination between the
two microturbulent velocity models for faint
and bright flares.

Table 4 shows the integrated Lyα inten-
sity at different values of µ, using the differ-
ent models of microturbulent velocity, υ. The
broadness of the Lyα line could be a possible
explanation of having small effect on the in-
tensity caused by the change of the turbulent
velocity.

5. Conclusions

In active region NOAA8690, the majority of
the Lyα emission originates from the flare
footpoints, which are compact and co-spatial
with the HXR sources, displaying an impulsive
phase. The corrected Lyα peak is at, approxi-
mately, the same time as the hard X-ray (within

a minute). We have calculated the power radi-
ated in the Lyα footpoints, and shown that, for
the flare occurred in NOAA 8690, this can be
provided by the electrons which produce the
observed hard X-ray radiation, under the as-
sumption of a collisional thick target chromo-
sphere.

The results we obtained, fitting the spec-
trum to a power law with index 3.40, indicates
a very hard spectrum, therefore we concluded
that the hard X-ray emission above 14 keV was
produced by nonthermal electrons.

In the event occurred in active region
NOAA 8690, the Lyα emission measured at the
footpoints is higher than that obtained theoret-
ically.

Estimated Lyα count rates are high from
flares such as these, which should enable high
cadence imaging for similar or smaller events
with instruments such as the EUI on Solar
Orbiter, or the LYOT telescope on SMESE.
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