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ABSTRACT
We analyzed high-cadence observations of a C5.7 Ñare on 1999 August 23 at Big Bear Solar Observa-

tory (BBSO). The observing wavelength was 1.3 in the blue wing of Ha, with a cadence of 0.033 s. InA�
addition, the hard X-rayÏs time proÐle obtained by the Burst And Transient Source Experiment (BATSE)
and BBSO high-resolution magnetograms was compared with our Ha observations to understand in
detail the particle precipitation in this event. The important results are as follows :

1. In Ha[1.3 three Ñare kernels were observed in the early phase of the Ñare. The Ñare started in aA� ,
nonmagnetic area at the magnetic neutral line. This suggests to us that the top of a low-lying loop is the
initial energy release site, while the other two kernels are the footpoints of another overlying Ñare loop,
formed after the magnetic reconnection.

2. We analyzed the temporal behavior of the three Ñare kernels in the impulsive phase when hard
X-ray (HXR) emission was signiÐcant. We found that during a 7 s period, the Ha[1.3 brightenings atA�
one of the footpoints showed a very good temporal correlation with the HXR Ñux variation. Therefore,
from the spatially resolved Ha o†-band observations, we identiÐed this Ñare kernel as the source of HXR
emission.

3. From the footpoint which exhibits the best correlation with HXR emission, the Ha[1.3 emissionA�
shows high-frequency Ñuctuations on a timescale of a few tenths of a second. The amplitude of the Ñuc-
tuations is more than 3 times the noise. Such Ñuctuations are not evident in the other Ñare kernels which
also do not show good correlation with HXR emission. For this reason, we suggest that the observed
high-frequency Ñuctuations may be signatures of temporal Ðne structure related to the HXR elementary
bursts.

Subject headings : Sun: activity È Sun: Ñares È Sun: magnetic Ðelds

1. INTRODUCTION

High-cadence X-ray and microwave observations exhibit
a subsecond temporal Ðne structure in solar Ñares, called
elementary Ñare bursts (see Sturrock 1989 for review). They
are attributed to the Ðne structure in coronal magnetic
Ðelds and related to the aggregation of photospheric mag-
netic Ðelds into small-scale magnetic elements. From a
sample of nearly 3000 HXR solar Ñares as observed with the
HXR burst spectrometer on the Solar Maximum Mission
(SMM), Kiplinger et al. (1983) found that a portion of the
events has a subsecond temporal structure. More recent
HXR observations from BATSE on board the Compton
Gamma-Ray Observatory (CGRO) provide a much
improved sensitivity and energy resolution, and a temporal
resolution down to 64 ms. Aschwanden et al. (1996) used the
subsecond temporal structure to study the scales of mag-
netic loops in Ñares by applying the time-of-Ñight method.
However, the above observations are only moderately re-
solved in time, and they lack spatial resolution and informa-
tion about the corresponding magnetic structure.

Impulsive hard X-ray emission in the early phase of a
Ñare is generally regarded as a result of collisional degrada-
tion of nonthermal electrons in the dense chromosphere
(““ thick-target ÏÏ) by nonthermal bremsstrahlung (Brown
1971 ; Emslie 1978). The heating and ionization of the
chromosphere by nonthermal electrons can produce optical
(e.g., Ha) emission nearly simultaneously with hard X-ray
bursts (CanÐeld, Gunkler, & Ricchiazzi 1984 ; Fisher, Can-
Ðeld, & McClymont 1985 ; CanÐeld & Gayley 1987 ; Hawley
& Fisher 1994 ; Abbett & Hawley 1999). SpeciÐcally, the
emission in the wing of the Ha line may be produced via

Stark broadening by electrons moving down to the deep
chromosphere (e.g., Svestka 1976). In more detail, the emis-
sion is due to nonthermal ionization by the fast electrons
down to the deep chromosphere. The ionization could this
way increase the electron number density in the deep
chromosphere by an order of magnitude, and the micro-
electric Ðeld thus produced can cause Stark e†ectÈthe split
of atomic levels. Several authors have actually calculated
the electron number density and line proÐles (CanÐeld,
Gunkler, & Ricchiazzi 1984 ; Fang, Henoux, & Gan 1993).

Spatially resolved observations in the line wings of Ha
can be used to track down the precipitating sites of the
nonthermal electrons which also produce HXR emission
(CanÐeld & Gayley 1987 ; Wulser & Marti 1989 ; de La
Beaujardiere, Kiplinger, & CanÐeld 1992). There have been
some e†orts to observe temporal Ðne structures during the
impulsive phase with moderate spatial resolution. High-
cadence Ha observations were carried out with a system
developed by Kiplinger (Kiplinger, Dennis, & Orwig 1989 ;
Neidig et al. 1993) with a time cadence of 0.5 s. Kaempfer &
Magun (1983) studied the evolution of Ha Ñares with a 1.4 s
cadence. These studies could identify some Ñare footpoints
as sites of precipitation, from which the optical emissions
exhibited no, or very short, delay (1È2 s) with respect to the
HXR bursts and microwave emission. However, the tempo-
ral resolution of these observations is still not sufficient to
monitor the often reported subsecond variations of
““ elementary bursts,ÏÏ and the moderate spatial resolution is
not sufficient to reveal the intrinsic details of the emission
sources.

A new fast frame rate (30 fps) CCD camera recently
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installed at BBSO enables us to study solar Ñares with an
order of magnitude shorter temporal resolution. Magneto-
grams of moderate temporal resolution (1 minute) and
spatial resolution (approximately 1A) provide important
context data. Observing under BBSOÏs excellent seeing con-
ditions (Goode et al. 2000), we expect to obtain more infor-
mation on temporal and spatial Ðne structures of impulsive
Ñares. In the near future, we expect to combine our obser-
vations with the High Energy Solar Spectroscopic Imager
(HESSI) mission (Lin et al. 1998) for even more detailed
investigations on Ðne structures of solar Ñares.

2. OBSERVATIONS AND DATA REDUCTION

The GOES C5.7 Ñare occurred at 18 :09 UT on 1999
August 23 in active region NOAA 8673. It was also
observed by BATSE on board CGRO. Unfortunately,
because of the low Ñux of this Ñare, BATSE did not trigger
its high-cadence mode. The cadence of the available contin-
uum data is 1.024 s.

The observations at BBSO completely cover this Ñare.
High-cadence Ha observations in the far blue wing are the
key data set for this study. We used a 1024 ] 1024 pixel,
12-bit frame transfer CCD camera manufactured by Silicon
Mountain Design (SMD). The SMD 1M15 camera is
binned to 512 ] 512 pixels to increase the signal-to-noise
ratio and the frame rate from 15 fps to 30 fps. Such high
frame rate is achieved at the cost of continuous coverage
which results in an interruption of 15 s for every 200 frames,
or 7 s of data. The exposure time of each individual frame is
8 ms. The image scale is about pixel~1. We selected the0A.39
observing wavelength by using a Zeiss Ðlter with a
bandpass of 0.25 The Ðlter is tuned to 1.3 in the blueA� . A�
wing of Ha to study the impulsive behavior of Ñares, since
the center line contains thermal contamination, and the red
wing contains the component of chromospheric conden-
sation (CanÐeld & Gayley 1987).

Supplementary full-disk Ha center-line observations are
obtained routinely every day with a cadence of 30 s to 1
minute and a spatial resolution of about 2A (Denker et al.
1999). Magnetic Ðelds in the active region are observed with
the videomagnetograph system (Varsik 1995). Its image
scale is pixel~1, and the cadence is 1 minute. Only line-0A.5
of-sight magnetic Ðelds were measured on that day. All the
data sets are carefully aligned with standard methods devel-
oped by the BBSO group. The accuracy of alignment is
usually better than 1A.

3. RESULTS

3.1. General V iew of the Flare
In Figure 1, the integrated light curves at di†erent wave-

lengths are presented. The Ñare exhibits a typical impulsive
phase deÐned by the impulsive HXR emission showing both
fast rise and fast decay. The 25È50 keV HXR Ñux is detected
by the most sunward detector of BATSE. The HXR emis-
sion lasts for about 1 minute and consists of several spikes
each in the order of less than 10 s. We believe that these
HXR temporal structures are due to continuous acceler-
ation of nonthermal electrons. The main phase is deÐned by
the gradual SXR 1È8 (plus signs) and Ha line centerA�
(dotted curve) emission which peak a few minutes after the
HXR emission. The rise and decay rates of the Ha[1.3 A�
emission (dashed line) are between the rates for HXR and
SXR as anticipated from the calculation by CanÐeld &
Gayley (1987).

FIG. 1.ÈTime proÐles of GOES soft X-ray (]), BATSE hard X-ray
(solid line), Ha line center (dotted line), and Ha[1.3 (dashed line) emis-A�
sions of the 1999 August 23 Ñare. The Ha light curves indicate the excess
emission, i.e., the Ñare intensity with the quiet region intensity subtracted
and then normalized to the quiet region intensity. The two vertical bars in
the plot indicate the two time intervals of the Ha[1.3 emission analyzedA�
in the paper and plotted in Figs. 5 and 6.

Figure 2 demonstrates the morphology of the Ñare. The
top six panels show the sequence of Ha[1.3 imagesA�
during the impulsive phase, and the bottom six panels show
Ha line center images throughout the Ñare evolution. The
line center images were from full-disk observations, so the
resolution appears to be lower. The Ñare starts close to a
Ðlament, and at 18 :02 :49 UT, a section of the dark Ðlament
appears in the blue band image, indicating a partial erup-
tion of the Ðlament. In the Ha blue wing, an early bright-
ening (K2) appears at this location in less than 1 minute.
Two other bright kernels (K1 and K3) appear at about
18 :03 :59 UT, 1 minute after the brightening of the center
patch. From the center-line images in the later period, the
Ñare brightening is visible in a much more extended area
and evolves into a more complicated structure. However,
we can see that the emission at K3 disappears earlier than
at the other sites.

It is important to understand the magnetic structure of
the Ñare. Figure 3 shows the evolution of the Ñare super-
posed on the magnetogram. The intensity of the Ñare at
Ha[1.3 is presented in contour maps, covering theA�
period 18 :02 :51 UTÈ18 :07 :16 UT. All the images are back-
ground subtracted, i.e., subtracted by the image at 18 :02 :00
UT. The magnetogram, obtained at 18 :02 UT, is presented
as a gray-scale which serves as the background in all the
panels. The initial brightening K2 at 18 :03 UT is not on
any magnetic element. Instead, it appears between two
magnetic elements of opposite polarity. This is somehow
surprising, since the Ha far wing should show sites of parti-
cle precipitation, which are usually located at the footpoints
of the magnetic loops. K1 and K3, on the other hand, are
cospatial with magnetic elements. This may be due to mag-
netic reconnection between two loops, K1~ÈK2` and
K2~ÈK3`, as illustrated by the sketch in Figure 9.
The loop K1~ÈK2` connects the negative polarity at K1
and the positive polarity at K2, and the loop K2~ÈK3`
connects the negative polarity at K2 and positive polarity at
K3. After reconnection, the newly formed low-lying loop,
K2`ÈK2~, was very close to the chromosphere, and
appears as the initial brightening of the Ñare. Since the two
footpoints K2` and K2~ were very close, the emission at
K2 cannot be spatially resolved.
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FIG. 2.ÈTime sequence of Ha[1.3 (top six panels) and Ha line center (bottom six panels) images showing the evolution of the Ñare. The white boxes inA�
the Ðgure indicate the regions where we obtain the Ha[1.3 light curves at the three Ñare kernels and the quiet-Sun region.A�

In the following sections, we do not distinguish whether
the Ha[1.3 emission was from the footpoint or from theA�
loop top, but refer to the bright patches as ““ Ñare kernels.ÏÏ

3.2. Evolution of Flare Kernels
To further analyze the evolution of the spatially resolved

Ñare emission, we obtain the light curves of the individual
Ñare kernels. We deÐned three regions covering the three
Ñare kernels, as indicated by the white boxes in Figure 2.
For each box, we computed the mean of the Ñare intensity
subtracting the quiet-Sun region intensity and then normal-
izing to the quiet-Sun region intensity. These light curves
indicate the temporal evolution of the excess Ñare emission
at Ha line.

Figure 4 shows the light curves at the three Ñare kernels.
The three kernels apparently exhibit di†erent temporal pro-
Ðles. The emissions in K1 and K3 both demonstrate fast
rise, and the decay phase consists of two episodes, the fast
decay followed by a slow decay, similar to the Ðndings of
Kaempfer & Magun (1983).

It is interesting that K2 also shows two distinct episodes
in its evolution. Up to 18 :04 :30 UT, the light curve shows
more similarity to the HXR bursts, though Ha data at the
HXR maximum are missing, and there is enhanced emission
even before the HXR starts to rise. After the impulsive
phase, the Ha emission displays a gradual behavior, and the
temporal evolution shows more similarity to the SXR emis-
sion. The temporal behavior of the spatially resolved Ñare
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FIG. 3.ÈTime sequence of Ha[1.3 Ñare emission as shown by contours ; the contour levels are 0.05, 0.1, 0.2, 0.4, 0.8 of the maximum of the emission.A�
The background is the magnetogram obtained right before the Ñare.

kernels conÐrms the scenario suggested above, that K2 is
the site where two magnetic loops reconnect. The initial
energy release occurs at K2, and soon the accelerated elec-
trons precipitate along the reconnecting loops to produce
the HXR emission and the impulsive Ha blue wing emis-
sion.

3.3. Temporal Correlation with HXR
The unprecedented high-cadence observations o†er a

unique opportunity to investigate the possible correlation
between the HXR bursts and deep chromospheric emission
on a Ðne timescale. SpeciÐcally, three of the Ha[1.3 dataA�
sets are obtained during the impulsive phase when there is
signiÐcant HXR emission.

1. T ime interval 18 :03 :35È18:03 :41 UT ÈDuring this
period, the HXR emission rises monotonically, and so are
the emissions at K1 and K2. This suggests that the chromo-
sphere at these two sites, probably as conjugate footpoints
of loop K1~ÈK2`, begins to be heated by nonthermal elec-
trons. But the HXR photon counts during this period are
still too low for any detailed investigation.

2. T ime interval 18 :03 :59È18:04 :06 UT ÈFigure 5
shows the temporal evolution of the Ha[1.3 intensitiesA�
for the three kernels and a corresponding 10-point
smoothed curves, as well as the HXR Ñux (thick line) from
the most sunward detector of BATSE. During this period,
the HXR emission shows a peak, while all three Ha kernels
exhibit a monotonic rise. Because of the data gap at the
Ha[1.3 we cannot tell the exact time lag between theA� ,

HXR maximum and Ha[1.3 maximum, but the delay isA�
at least 2È3 s. The temporal correlation between any of the
two kernels is strong (greater than 80%), suggesting simul-
taneous chromospheric heating at all three sites.

3. T ime interval 18 :04 :22È18:04 :29 UT ÈIn this period,
HXR shows two spikes, which are covered by the Ha blue
wing observations. This time interval gives the best
opportunity to investigate the temporal correlation between
HXR and Ha[1.3 emission. Figure 6 illustrates theA�
Ha[1.3 intensities at the three kernels and the hardA�
X-ray Ñux in this time interval. It is obvious that in K2,
there is no correlation between X-ray and Ha emission. K3
shows some degree of linear correlation (54%) between
HXR and Ha emission, while K1 has the best correlation
(92%) within the HXR time resolution. It is evident that
continuous electron acceleration is present during this
period, and the HXR source could be located at K1 with
some contribution from K3. This also suggests that in this
event during the late impulsive phase, continuous electron
precipitation occurs at the conjugate footpoints of the
newly formed K1~ÈK3` loop.

The di†erence in the time proÐles of the Ha kernels at
di†erent time intervals will be discussed in ° 4.

3.4. High-Frequency Fluctuation in the Flare Kernels
During the C5.7 Ñare event, the BATSE HXR detector

was working at rather low cadence. However, the Ha blue
wing emission, especially during times of strong temporal
correlation with HXR bursts, can be used as a proxy for
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FIG. 4.ÈTime proÐles of the Ñare emission in Ha[1.3 at three ÑareA�
kernels (solid line) compared with BATSE hard X-ray emission (dashed
line) and GOES soft X-ray 1È8 emission (dot-dashed line).A�

FIG. 5.ÈComparison of Ha[1.3 intensity (thin lines) and hard X-rayA�
Ñux (thick lines) for three Ñare kernels during the time interval 18 :03 :59È
18 :04 :06 UT. For the Ha emission, both the raw data and a 10-point
smoothed curve are plotted.

FIG. 6.ÈComparison of Ha[1.3 intensity (thin lines) and hard X-rayA�
Ñux (thick lines) for three Ñare kernels during the time interval 18 :04 :22È
18 :04 :29 UT. For the Ha emission, both the raw data and a 10-point
smoothed curve are plotted.

electron beam heating to examine high-frequency Ñuctua-
tions. We Ðrst examine the Ñuctuations due to seeing and
the temporal variations of the sky brightness. The seeing-
induced Ñuctuations are determined from the contrast
variations of a quiet-Sun region. They are in the order of
only 0.05%. The variations in the sky brightness are deter-
mined from the light curve of the quiet-Sun region, and they
are about 0.06%. Therefore, the Ñuctuations due to both
seeing variations and the change of the sky brightness are
negligible in the following analysis. In Figure 6, we note
some larger Ñuctuations at K1 than at K2 and K3. In the
top three panels of Figure 7, we show the same light curves
as Figure 6 but with the low-frequency component sub-
tracted. The amplitude of the Ñuctuations at K1 is greater
than at K2 and K3, and the standard deviation of the high-
frequency components at K1 is about twice of that at K2
and K3.

To estimate the frequency of the fast variations, we
compute the temporal power spectrum of the Ha light
curves. We use a Hanning high-pass Ðlter with a cuto† of 1 s
to remove slow variations. Figure 8 illustrates the power
spectra of the Ha[1.3 residual intensity at K1, K2, andA�
K3. It evidently exhibits fast variations at K1 with a domi-
nant frequency range between 1.5È3.3 Hz, indicating the
fast-varying temporal structures at a timescale of 0.3È0.7 s.
This is the same timescale previously reported in the obser-
vations of HXR fast variations (Kiplinger et al. 1983 ; Kip-
linger et al. 1984 ; Kiplinger, Dennis, & Orwig 1989 ; Neidig
et al. 1993).
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FIG. 7.ÈTime proÐles of Ha[1.3 Ñare emission. The 10-pointA�
smoothed background is subtracted from all the curves. The top three
panels show Ñuctuations at three Ñare kernels in the time interval shown in
Fig. 5. The bottom panel shows the variations at K1 in a time interval 40 s
later.

FIG. 8.ÈPower spectra of the fast variations of the Ha[1.3 emissionA�
at the three Ñare kernels 18 :04 :22È18 :04 :29 UT.

FIG. 9.ÈSketch of the magnetic conÐguration of the Ñare before and
after the reconnection. The background contours show the line-of-sight
magnetogram taken before the Ñare as in Fig. 3. The solid (dashed) lines
indicate the positive (negative) magnetic polarities, and the contour levels
are ^ 20, 50, 100, 200 G.

Note that such high-frequency Ñuctuations only exist in
this time interval, when the best temporal correlation
between Ha[1.3 and HXR emission is present. In theA�
bottom panel of Figure 7, we also plot a similar curve for
K1 at a di†erent time interval 40 s later, when there is no
HXR emission. The amplitude of Ñuctuation in this panel is
comparable to that in the second panel. Such comparison
indicates that the high-frequency Ñuctuations observed at
K1 during the 18 :40 UT time interval were related to the
so-called ““ elementary HXR burst.ÏÏ

From the original images, we examine K1 carefully. The
Ñuctuations reÑect intensity changes in the same patches at
a spatial scale of less than 1A, but not appearances/
disappearances of di†erent small patches. With even higher
spatial resolution, the fast Ñuctuations may be fully spatially
resolved.

We admit that the origin of the rapid Ñuctuations in
kernel K1 is still unclear when there is no high-cadence
hard X-ray to compare with. We cannot rule out that the
possibility that the Ñuctuation in K1 is due to seeing,
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However, we believe that we tried everything that we could
test for this speciÐc case, and found no evidence that the
larger Ñuctuation is due to the seeing. We have also tried
di†erent boxes covering kernels when we calculated the
Ñuxes and found no di†erence in the time proÐles. So selec-
tion of the box is not a problem. Images are destretched ;
di†erential seeing is very small. The absolute conÐdence will
only come out of the comparison with hard X-ray time
proÐle. Until HESSI is operational, we probably will not be
able to have absolute claim on this point for similar obser-
vations.

3.5. Summary of Results
We analyzed high-cadence observations of a C5.7 Ñare on

1999 August 23 and obtained the following results :

1. Three Ñare kernels were observed in Ha[1.3 duringA�
the impulsive phase of the Ñare. The Ñare starts in a non-
magnetic area at the magnetic neutral line. We developed a
scenario that the top of a dense low-lying loop is the initial
energy release site.

2. We analyzed the temporal behavior of these three
kernels with respect to the HXR emission. We Ðnd that
during a 7 s period, the brightening at one of the three Ñare
kernels (K1), possibly the footpoint of a Ñare loop, follows
the variation of the HXR Ñux very well. Therefore, we con-
clude that it is the source of HXR emission.

3. The Ñare kernel K1 illustrates best the correlation
with HXR. The Ha emission at this kernel shows fast Ñuc-
tuation at a timescale of 0.3È0.7 s. They are the real signa-
ture of temporal Ðne structure of the Ñare, and they indicate
high-frequency electron acceleration and precipitation at
the footpoint of the Ñare loop, which also gives rise to the
HXR ““ elementary bursts ÏÏ as reported by Kiplinger,
Dennis, & Orwig (1989).

The three observed Ñare kernels at Ha[1.3 are locatedA�
at the top of a compact loop, and two footpoints of a long,
overlying loop. The low-lying compact loop is the product
of magnetic reconnection (see Fig. 9), while the HXR-
correlated footpoint brightenings demonstrate high-
frequency variations which are an important impulsive
phase behavior of solar Ñares.

4. DISCUSSIONS

Our high-cadence observations are designed to investi-
gate the ““ elementary bursts ÏÏ previously reported in the
HXR and radio microwave observations. From the above
analysis, we have obtained positive evidence that the varia-
tions in the HXR burst and Ha[1.3 emission are strong-A�
ly correlated, and we may have conÐrmed the existence of
high-frequency variation from our Ha observations. Our
observations demonstrate that the dominant fast variations
in the impulsive phase of the Ñare are on a timescale of
0.3È0.7 s, which can be unambiguously detected with a tem-
poral resolution of better than 0.066 s. The subsecond HXR
bursts are supposed to represent ““ quantized ÏÏ injections of
accelerated electrons (Benz et al. 1994), possibly as the result
of many small-scale reconnections (Vlahos 1989). The fact

that we have not observed changes of the locations of the
impulsive Ha[1.3 emission sources suggests that the Ðla-A�
mentary structures are conÐned to a scale of less than a few
hundred kilometers at the level of photosphere.

The chromospheric observations were made at Ha blue
wing based on the assumption that the Ha blue wing emis-
sion should come from a ““ thick-target ÏÏ via Stark broaden-
ing by nonthermal electrons penetrating into the deep
chromosphere. Out of the three Ñare kernels studied, two
can be identiÐed as deep chromospheric footpoint sources,
but we also discover a possible loop top source that is
apparently not located at a magnetic element but at the
magnetic neutral line. It raises the interesting question :
what kind of chromospheric heating mechanism can
produce Ha[1.3 emission at the top of a loop? Since theA�
most important condition to produce Ha far wing emission
is the electron density, this loop must be very low and dense.
If the magnetic reconnection occurs at a low altitude in this
loop, it is also likely that after the impulsive phase when
HXR emission ends, heating of the chromosphere via
thermal conduction in the Ñare loop could be very efficient,
and Ha[1.3 is probably still not far enough from the lineA�
center to avoid thermal impact.

It is also puzzling that the HXR emission peaks at least
2È3 s before the Ha[1.3 emission in the very early stageA�
of the impulsive phase. This nonnegligible delay of chromo-
spheric o†-band emission with respect to the HXR emission
may be due to the ionization timescale of the chromosphere.
According to CanÐeld & Gayley (1987), the chromospheric
ionization timescale is determined by the intensity of the
nonthermal Ñux deposited to the chromosphere. For the
nonthermal Ñux of 1 ] 1011 ergs cm~2 s~1, this timescale is
estimated to be 0.3È0.4 s, while for less strong Ñux, the
ionization timescale can amount to a few seconds ; hence,
the delay of Ha emission can be as large as a few seconds.
Since the Ñare is only a C5.7 event, the HXR Ñux is at least 1
order of magnitude weaker than 1 ] 1011 ergs cm~2 s~1.
We propose that the observed time delay in the early impul-
sive phase is due to ionization of the cool chromosphere.
While 30 s later, we observe a good temporal correlation
between hard X-ray bursts and Ha emission, because by
then, the chromosphere is sufficiently ionized and can
respond promptly to the further input of electron beams
which also produce HXR bursts in the late impulsive phase.
It is unlikely that the time delay in the early stage is thermal
in nature. According to Abbett & Hawley (1999), in the
presence of nonthermal beams, as evidenced by HXR emis-
sion, the thermal inÑuence on the chromosphere is negligi-
ble.
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