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PLASMA KERNELS IN HOMOLOGOUS (?) FLARES

Barbara Sylwester, J. Sylwester, and A. Kepa

Space Research Center, Wroclaw, Poland

ABSTRACT

We have analyzed a series of five flares using the X-
ray images from Yohkoh SXT and HXT telescopes. The
flares took place at the eastern solar limb on 1991 De-
cember 9 within the same active region. The sequences
of SXT images have been beforehand deconvolved and
carefully coaligned, making use of the spacecraft point-
ing data files. By using filter ratio technique the struc-
ture and average thermodynamic parameters of individual
plasma kernels of these flares have been analyzed. Hard
X-ray emission patterns have been MEM-reconstructed
from the HXT data. The hard and the soft X-ray im-
ages have been coaligned and locations of correspond-
ing kernels in individual flares have been determined as
seen in individual energy bands. The time variations of
these kernels’ locations have been investigated and their
relative positions analyzed. The overall flare heating be-
havior has been investigated using the GOES soft X-ray
data. We observe and discuss general similarity in the ba-
sic arrangement of brighter soft X-ray emitting structures
tracing the magnetic links for the analyzed events.
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1. INTRODUCTION

In solar-terrestrial terms the homologous flares are these
events which occur repetitively in the same active region,
with essentially the same position and with a common
pattern of development. We ask the question whether
the five moderate size flares (GOES M class, see Ta-
ble 1) observed on 1991 December 9 in the active re-
gion NOAA AR 6966 belong to this category of flares.
From the similarity of the flares’ light-curves, one may
classify them as homologous. In order to assess the sim-
ilarity of their development we studied their morphol-
ogy and dynamics based on the observations collected by
BATSE and Yohkoh. The GOES soft X-ray (3s) fluen-
cies have been used for investigation of flare evolution
tracks on the temperature-emission measure diagnostic
diagrams (DD). For the investigated flares we performed

Table 1. Analysed flares on 9 December 1991.

Flare Max Duration GOES

key UT [min] class
A 02:09 65 M1.4
B 04:17 75 M3.6
C 09:44 48 M4.1
D 18:56 14 M1.2
E 23:49 12 M1.0

deconvolution of sequences of Yohkoh Soft X-ray Tele-
scope (SXT) images in order to increase spatial resolution
(down to 1 arcsec). This has been made with ANDRIL
algorithm (Sylwester and Sylwester, 1998). We also re-
constructed the hard X-ray images using the data from
Hard X-ray Telescope (HXT) and the maximum entropy
method (MEM). Next we compared the hard and soft X-
ray flare morphology and location of emission kernels.
From the Yohkoh Bent Crystal Spectrometer (BCS) obser-
vations, we analyzed the spectral shapes of the S, Ca and
Fe He-like resonance lines, deriving the position of line
centers, widths and total intensities. In addition we used
GOES “3s” fluxes in order to investigate the flare evolu-
tion in the so-called diagnostic diagrams (DD). The DD
represents the (log-log) evolutionary tracks of the flare
temperature versus the square root of emission measure.
The observed pattern of the evolution in the DD can be in-
terpreted based on the results of the hydrodynamic mod-
eling (HD), especially as concerns the character and dura-
tion of flare in-situ heating. This type of the flare heating
analysis has been proposed by Jakimiec et al., (1992).

2. DATA PRESENTATION AND THE RESULTS

In the left panels of Figures 1 and 4 we present the evolu-
tion and interpretation of the GOES fluxes for the A and
B flare respectively. Gray-shaded areas indicate times
where respective SXT Yohkoh observations were avail-
able. Dashed vertical line corresponds to the time indi-
cated in DD. The two characteristic straight lines drawn
in the DD represent so-called quasi steady state (QSS-
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Figure 1. The evolution of flare A in the soft X-ray radiation. Left: The GOES lightcurves with the shaded box indicating
time interval of the SXT observations. Below the diagnostic diagram (DD) is presented as constructed based on GOES
data. Right: The evolution of flare morphology as seen on the deconvolved SXT Al01 images.
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Figure 2. The time sequence of contours plotted at 0.8
of maximum intensity as seen on Al01 SXT images for A
flare overlaid atop deconvolved emissivity pattern (gray)
of the first unsaturated image in the sequence.

dashed) and OFF (dotted) evolutions. The QSS slope
represents the situation when N and T are related accord-
ing to the RTV (Rosner et al., 1978) scaling law: Ttop

2

= const NtopL; OFF slope corresponds to the case when
the heating has been abruptly switched-off in the hydro-
dynamic modeling. It is seen that for B flare (Figure 4)
the evolution follows the OFF branch. In case of con-
stant length of the “cooling channel”, the inclination of
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Figure 3. The results of BCS spectra analysis for A flare.
See the text for details.

evolutionary track in DD indicates for slowly/abruptly
changing rate of heating - in this case abrupt switch-
off. If the flaring plasma geometry vary during the event
(loops expanding/compressing), other types of evolution-
ary behavior are possible, with “non-standard” inclina-
tions. This type of behavior can be seen in Figure 1
for A flare. To the right of the DD in Figures 1 and
4, we show for the comparison the variations of actual
flare morphology as seen on the deconvolved SXT im-
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Figure 4. The evolution of flare B in the soft X-ray radiation. Left: The GOES lightcurves with the shaded box indicating
time interval of the SXT observations. Below the diagnostic diagram (DD) is presented as constructed based on GOES
data. Right: The evolution of flare morphology as seen on the deconvolved SXT Al01 images.
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Figure 5. Sequence of contours plotted at 0.8 of maximum
intensity as seen on Al01 SXT images for B flare.

ages. All the images are of the same size (6.5 104 km
on a side). Both flares tend to develop similar overall
shape, however the details of emission patterns are dif-
ferent. The morphology is dominated by presence of a
compact, low lying structure overlaid with much fainter
region extending high above the limb. The location and
relative brightness of the emission kernels (and their in-
terconnecting patches) change in time during each event,
and differ between the events. An organized pattern of
soft X-ray emissivity development can be tracked in Fig-
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Figure 6. The locations of contours (0.8 level) for LO
channel of HXT MEM reconstructed images of B flare
atop the Al01 SXT image.

ures 2 and 5.The contours drawn at the level of 0.8 max-
imum value of the flux in Al01 SXT images are shown
in order to illustrate the relative change of the shape and
position of emission. The contours are overlaid atop the
emission pattern (in gray) of the first unsaturated (Al01)
image within the sequence. In all analysed flares the loca-
tions of maximum soft X-ray emission evidently change
their position in time. In Figure 3 the results of analysis
of BCS data for the A flare are presented for the compari-
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Figure 7. The relative locations of soft (gray scale at the
background) and hard (LO - red solid line; M1 - blue
dashed line) X-ray emission for the C flare.

son. At the top panel the time variations of Fe XXV w line
flux (stars) are overplot on GOES (red) HXT LO (blue)
and BATSE (black). In the middle panel the Doppler ve-
locities are shown as obtained from fitted Gaussian cen-
troid position for S (red), Ca (blue) and Fe (black stars)
resonance lines. Negative values mean blueshifts in this
respect. In the bottom panel the ion temperatures (ob-
tained as equivalents of the full observed line widths) are
shown for S, Ca and Fe resonance lines using consistent
colouring. In Figure 6, the contours of maximum hard
X-ray emission (LO HXT channel) are drawn atop the
soft X-ray emissivity pattern (Al01 SXT image) for B
flare. The displacement of maximum hard X-ray emis-
sion is directed towards the limb. This is contrary to the
“motion” of the soft X-ray emission (see Figure 5). It is
also seen in this figure that the soft and hard X-ray emis-
sions are not cospatial. For the five analyzed flares the
exact coalignment of hard and soft X-ray sources is not
observed. In case of the C flare (Figure 7), the hard X-
ray emission encompass the soft X-ray structure forming
a helmet. Projection effects are very possible.

3. SUMMARY AND CONCLUSIONS

The similar analysis and comparisons have been per-
formed for all five flares from Table 1. Based on the
results (a part is presented here), we conclude that the
investigated series of flares are not strictly homologous,
but share some similarity in the pattern of behaviors as
observed in the X-ray radiation. This similarity indicates
that the magnetic configuration where the flare take place
evolve slowly (on time scales of a day) in a pattern that
suggest opening of the active region coronal field lines.

But in details, flares are different, as concerns the exact
location of the thermal/non-thermal plasma within AR

and the time profile of the heating. The GOES observa-
tions from which the DD have been constructed indicate
for an individual character of heating in each event. There
are flares where the abrupt switch off of the heating fol-
lowing the rise phase is observed (type OFF evolution -
for flares B and C) or the “specific” character of evolution
with time-evolving effective “cooling length” (for flares
A, D and E). A common characteristic of the flares inves-
tigated is that the effective heating phase did not lasted
long into the decay phase (no evolution along the dashed
line has been observed). The “steeper-than-OFF” incli-
nation of the evolutionary branches during the decay are
indicative of the shortening of effective “cooling length”.

The main emitting region constitutes in each flare a com-
pact structure (kernel) “hanging” low above the limb with
extended, much fainter overlying structures composed of
the net of individual patches apparently rooted in individ-
ual kernels.

For all analyzed flares the brightest, compact region
changes its position during the evolution moving mostly
outwards. The character of observed transversal motions,
where supported with corresponding Doppler shift mea-
surements, indicates for (initially) predominantly hori-
zontal motions of the plasma kernels suggestive of the
real motion along the loop arcade channel.

The comparison of deconvolved SXT and MEM recon-
structed HXT images indicates that the soft and hard X-
ray emissions are not co-spatial in any of the considered
events. For flare C, where a distinct compact HXT bright
source is not pronounced, the harder X-ray emission out-
line a faint, extended soft X-ray emission present much
higher in the corona (edge of an arcade seen in projec-
tion?).

In conclusion: for the analyzed five flares which took
place at the limb within the same active region (NOAA
6966), the observed emission patterns show a sort of sim-
ilarity, however it is hard to claim that the flares analyzed
belong to the homologous category.
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