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Abstract. An analysis of a minor (B3.2) flare related to
an X-ray jet in the reversed polarity NOAA 7912 active
region is presented, focusing on various kinds of activity
observed in the Hα line with the MSDP instrument. Using
complementary Yohkoh soft X-ray observations and a Kitt
Peak magnetic field map we study the influence of a rather
low and graduate energy release on filaments, fibrils and
chromospheric brightenings and their relevant coronal features. We find that this small flare affected the entire AR
and was associated with strong up- and downflows along
remote fibrils and filaments, which appear to be connected
by large-scale loops. It is shown that at least one of the
observed brightenings was caused by downflow of the matter, thus, by the kinematic heating of the material. The
filament in the vicinity of the flare footpoints changed the
most: it broke into two parts, temporarily rose to higher
altitudes inside the AR and even erupted outside of the
AR, re-forming only three hours later. We show that even
a minor flare can lead to important morphological and
dynamical changes in an active region.
Key words: Sun: chromosphere — Sun: activity — Sun:
filaments

Yohkoh/SXT at 10:29 UT and 16:59 UT which had major response at radio wavelengths (type III bursts) (van
Driel-Gesztelyi et al. 1998a; Schmieder et al. 1998). The
jets were related to two small flares (GOES levels B3.2
and B1.3 and 1B and 1N importance in Hα, respectively).
Jets are normally related to relatively small chromospheric flare events, while their impact in the corona and
the interplanetary space may be much more important
than that of confined flares of much higher chromospheric
importance. Normally, jets occur in regions with high
shear and certain magnetic complexity: at one of their
footpoints there is frequently found an included, or parasitic polarity.
Spectral observations being at our disposal allow us to
investigate the kinematics of material motions in the specified active phenomena. We analyze what kind of magnetic
and chromospheric features correspond to footpoints of
X-ray bright loops and how the chromospheric structures
evolve due to the flare and jet activity.
Most of the formerly published papers on complex
analysis of active regions’ evolution concerned the regions
displaying high flare activity. The main aim of this paper is to analyze the activity evolution in a region of
medium activity in order to investigate the influence of
rather low energy release on filaments, fibrils and chromospheric brightenings.

1. Introduction
On 19 October 1995, during the coordinated international
observing campaign, we obtained a long time series of
observations of the NOAA 7912 active region with the
French Multichannel Subtractive Double Pass spectrograph (MSDP) mounted at the German Vacuum Tower
Telescope (VTT) on Tenerife. We also used images taken
with Yohkoh Soft X-ray Telescope (SXT). In the investigated active region two X-ray jets were observed with the
Send offprint requests to: P. Rudawy

2. Observations
2.1. Hα data
Observations in Hα line performed by P. Mein, J.-M.
Malherbe and J. Staiger with the 9-channel MSDP (Mein
et al. 1996) started at 08:15 UT and ended at 13:17 UT.
The MSDP scanned a rectangular area on the solar disc of
20 × 2.40 (duration of one scan was about three minutes),
except for the period between 10:18 UT and 10:50 UT
when the observed area was reduced to about 20 × 0.60 in
order to attain higher time resolution (here one scan lasted
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Fig. 1. Yohkoh/SXT observation and
magnetic fields of NOAA 7912 active
region co-aligned with MSDP Hα
image on 19 October 1995. Upper left
panel: X-ray image taken at 10:07 UT;
upper right panel: Kitt Peak magnetogram taken at 14:59 UT; lower left
panel: Hα image at 10:58 UT with the
X-ray contour; lower right panel: Hα
image at 10:58 UT with the 50 Gauss
magnetic field contours

45 seconds only). During the time of observations the active region was located at about S10W50. The seeing was
not stable and oscillated between good and medium.
The active region area chosen for the final analysis was
of about 1.60 × 2.10 except for the period 10 : 18 UT − 10 :
50 UT when it was limited to about 1.90 ×0.60 . Processing
of the observational data with the use of special codes
written by P. Mein (Mein 1991; Roudier et al. 1991) was
made at Meudon Observatory. The Hα line profile was reconstructed at each spatial point as well as intensity maps
and Doppler velocities were obtained at various wavelengths along the line profile (up to ±1 Å from the line
centre). We used intensity and velocity maps calculated by
the bisector method and images at various wavelengths.
Further results concerning down- and up-flows of the matter were derived by taking into account the geometrical effects of the location of the active region close to the solar
limb.
2.2. X-ray observations and co-alignment method
Soft X-ray observations of AR 7912 have been taken with
the SXT instrument on board of the Yohkoh spacecraft
(Ogawara et al. 1991; Tsuneta et al. 1991) in the framework of the coordinated observing campaign with the
MSDP. The high-resolution mode (2.46 arcsec/pixel) field

of view of the instrument covered the AR 7912 during
the whole MSDP observing period (see Fig. 1, upper left
panel). The SXT images have been run through the standard Yohkoh data reduction procedures (SXT-PREP)
and then short- and long-exposure images were combined
in order to remove the saturation effect and display
X-ray structures in a broader brightness range. For the
physical analysis of the events we co-aligned the X-ray
observations with the twelve times higher resolution
(0.2 arcsec/pixel) MSDP images (see Fig. 1, lower left
panel).The co-alignment was carried out in several steps
using full-disc SXT images and a full-disc Kitt-Peak
magnetogram rotated to the time of the X-ray images
(see Fig. 1, right panels). Then, the MSDP images, which
have no pointing information, were co-aligned with the
magnetic map using feature tracking technique. One of
the problems of the coalignment was the time-difference
between the magnetic map and the Hα observations,
which implies a possibility of some differences in the
topology due to evolution of the observed structures.
2.3. Magnetic data
In an attempt to understand the magnetic topology of
the region as well as the flare and jet event, we utilize
a full-disc, full resolution magnetogram from Kitt Peak
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Fig. 2. Hα line centre intensity maps of NOAA 7912 active region observed on 19 October 1995 from 09:08 UT to 13:14 UT. The
labelled structures are described in the text. The maps cover an area of 20 × 2.0 4 on the solar disc, except for the map obtained
at 10:29 UT, when the observed area was reduced to 20 × 0.0 6

Observatory, courtesy of K.L. Harvey. The magnetogram
was taken on 19 October at 14:59 UT with a resolution of
1.15 arcsec/pixel (see Fig. 1, upper right panel).
3. Description of the observed features
3.1. Hα structures
From the beginning of the observational period several features of different types were visible in the analyzed active
region: (i) a big spot (S) located a little above the centre
of the field of view (see Fig. 2); (ii) filaments: a curved
filament or a strong fibril (P1) situated to the north-east
of the spot, a long filament (P2) running from the eastern periphery of the spot to the south up to a brightening
(B3, described below) and a very southern filament (P3)
running from B3 to the south; (iii) brightenings: the most
important brightenings in the region were located to the
east of the spot. The first brightening (B1) was located

in an elongated region at the eastern base of anchorage of
fibrils F1. The second one (B2) lays to the west of brightening B1, just between the northern part of filament P2
and the spot S. Brightening B2 was situated in the area
of the eastern group of the superpenumbral fine filaments.
There were also two significant brightenings B3 and B4
situated to the south of the spot S; (iv) three systems of
fibrils, the first one (F1) was situated more or less to the
north-east of the spot, the second one (F2) consisting of a
group of spot’s superpenumbral fibrils was located to the
west of the spot. The third system of fibrils (F3) was situated to the south of the spot. The eastern legs of fibrils
F3 seem to be anchored in the area close to brightening
B3 while the western ones at the other brightening B4.
In some high resolution pictures the brightening B3
displayed well visible fibril structure oriented perpendicularly to the P2 and P3 filaments axes. The brightening
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Fig. 3. Hα line of sight velocity maps of the AR on 19 October 1995 from 09:08 UT to 13:14 UT. The darkest features correspond
to redshifts of 20 km s−1 and higher while the brightest ones correspond to blueshifts of 20 km s−1 and higher. The Doppler
velocities cannot be computed at some points (e.g. in the umbral region), because of the flat shapes of the line profiles

B3, located between filaments P2 and P3, seems to be an
important region connecting these two filaments.
At 10:29 UT a B3.2 class flare started in the NOAA
7912 active region, to the south-east of the spot S. MSDP
images taken in the red and blue wings of the Hα line
at ±0.78 Å reveal a highly dynamical response of the
chromosphere to the flare. The line of sight velocity maps
Fig. 3) show several regions with velocities toward the observer (blueshifts) or from the observer (redshifts), well
related to certain structures of the active region. Detailed
description of the evolution of the Hα structures is given
in Sect. 4.1.

polarity spots disturbed the bipolar structure of the region
(van Driel-Gesztelyi et al. 1997; Schmieder et al. 1998; van
Driel-Gesztelyi et al. 1998). During the 22nd solar activity
cycle, leading spots of the south hemisphere had positive
polarity. Thus, NOAA 7912 located at S12, did not follow Hale’s law, but had inversed polarity. The magnetic
field was highly sheared as indicated by the clockwise vortex fibril pattern (see Fig. 2, fibrils systems F1 and F2)
around the leading spot at the chromospheric level, as well
as by the shape and connectivity of coronal loops, which
out of two sets of loops formed a “forward S” shape - both
pointing to the presence of positive helicity (Pevtsov et al.
1997).

3.2. Magnetic fields
The active region NOAA 7912 consisted of a round, leading spot of negative polarity and a dispersed following
area of positive polarity (Fig. 4a). A few small parasitic

3.3. X-ray structures
The soft X-ray loops had a highly sheared appearance,
which is not surprising in case of an inversed polarity
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Fig. 4. NOAA 7912 Hα structures
at 10:58 UT and magnetic fields at
14:59 UT rotated in accordance with
the 10:58 UT Hα image orientation. a)
Magnetic fields and absorbing features
seen in the Hα line wing (+0.78 Å);
b) magnetic fields and bright features
seen in the Hα line center

Fig. 5. X-ray loops and Hα structures:
a) Yohkoh/SXT full resolution image
taken at 10:27 UT; b) Hα line centre
structures at 10:58 UT and SXR contours at 10:27 UT

active region. One set of loops connected the south and
south-western parts of the penumbra of the leader spot S
with the south-east part of the region, where the strongest
positive polarity was located (cf. Figs. 1 and 4). Another
set of loops connected the north-western penumbra with
the weak positive polarity concentrations in the north-east
part of the AR (Figs. 4 and 5). The brightest stationary
X-ray loop visible to the north of the leading spot S was
rooted in the penumbra of the negative magnetic polarity
spot and in the Hα brightening region of positive magnetic polarity (B1 region in Fig. 2). This bright loop was
above the fibrils F1 (Fig. 5b).
At 10:29 UT the GOES satellite recorded an onset of
a B3.2 class flare, which occurred to the south-east of the
spot S. The flare was accompanied by a spectacular jet
event, which reached a length of 2.5 − 3 105 km toward
the south (van Driel-Gesztelyi et al. 1998a). The X-ray jet
had its footpoints in the vicinity of the filament P2, where

small areas of various polarities created a mixed-polarity
region (cf. Figs. 4 and 5).
4. Evolution of the different structures due to the flare
and jet
4.1. Detailed description of the chromospheric evolution
At 10:29:17 UT (during the flare maximum) a significant
increase of B1 brightness as well as fainter increase of the
B2 brightness was observed. In the spot’s penumbra, very
close to the northern part of the umbra, a small, point-like
brightening, formed by two short comma-like structures
was seen (see Fig. 2). In various fibrils of F2 system high
redshifts and blueshifts were observed. Around the time
of the flare maximum the region of high blueshifts (V1)
situated to the west of the spot, started to enlarge its area
(see Fig. 3, image at 10:29 UT). V1, being very likely a
region of strong upflow of the matter, reached the biggest
area and the highest velocities about 10:37 UT. Then V1
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started to decrease and it disappeared about 10:45 UT (see
Fig. 3, image at 10:58 UT). Above the northern end of filament P2 there were several small, elongated regions of
redshifts. They were also signatures of the material flowing down to the chromosphere along the fibrils forming
this end part of filament P2. At the north end of filament
P2 small regions of fast downflows were present and were
still observed at the southern leg of P2.
At 10:58:30 UT, after the flare which ended at
10:43 UT, the intensity of B1 was still very high, a local
increase of the B2 brightness was remarkable and the
emission of B3 was strongly increased in comparison with
the emission at 09:08:54 UT. The velocities detected in
fibrils F2 were much smaller than previously, a significant
blueshifts were only present close to the southern part of
that region. There were strong redshifts at both ends of
filament P2 being evidence for efficient downflow of the
matter. A new, quite big region of very strong redshifts
(V2) appeared to the east of the southern end of filament
P2 (see Fig. 3, image at 10:58 UT). That region was not
related to any noteworthy structure visible in the Hα line
centre except for a small brightening spatially correlated
with the area of the highest (larger than 20 km s−1 )
redshifts (see Fig. 3).
Later on, at 11:28:30 UT the east part of the filament
P1 and northern part of P2 were hardly visible. A strong
downflow (V3) was present in the northern part of P2.
At the southern end of filament P2, near B3, high redshifts were still present. A small, ephemeral bright region
appeared to the north of brightening B2. It was situated
close to the west border of the strong redshifts region in
the northern part of filament P2. The brightness of B4
was significantly enhanced. This region corresponded to
the well visible western parts of the fibrils F3, displaying
some redshifts. The small brightening in V2 region was
more prominent than previously. The area of V2 region
was smaller than at 10:58:30 UT while redshifts in the
whole region were still very high. Some superpenumbral
fibrils of F2 showed blueshifts related to the often observed
inflow of material into the spot. On the basis of comparison of the Hα line centre images and the corresponding
velocity maps, taking into account the geometrical effect
of active region location with respect to the line-of-sight,
we came to a conclusion that fibrils forming F1 were inclined to the solar surface with their tops tilted towards
the solar equator. From the careful investigation of the line
of sight velocity maps, which show the velocities between
−5 km s−1 and +5 km s−1 , it is well seen, that the material
flowed along the fibrils forming F1 from their north-west
to their south-east legs. Moreover, the brightening B1 is
spatially correlated with this downflow region.
At 12:41:26 UT the brightness of all the B-regions
described previously was more or less the same as at
11:28:30 UT except for the disappearance of the ephemeral
brightening seen at 11:28:30 UT and significant enhancement of B3 brilliance. The northern part of filament P2

was well visible again, while a region of redshift present
at the same location was reduced to the narrow strip
along the filament with much smaller velocities. Redshifts
near the brightening B3, at the south end of filament P2
were still high, and, what is interesting, in the same region both, from and toward the observer velocities were
present. Some fibrils of F2 still showed blueshifts in the
parts located at the place of anchorage of the superpenumbral fibrils close to the penumbra outer border. Blueshifts
were also visible in some F1 fibrils. The area of V2 region
increased while its brightness became weaker.
At 13:14:08 UT almost all redshifts became smaller
except of B3 brightening, where the velocities stayed the
same. Once again, there were higher redshifts in the western part of fibrils F2 at the vicinity of the outer superpenumbral border of the spot. Then, owing to the larger
area recorded, filament P3 was well visible again.
The filaments P2 and P3, previously clearly anchored
in B3, form now a continuous rope seen quite well in projection above the brightening B3. The leg of the filament
P2+P3 anchored in the area of B3 expanded to a long,
arch-shaped filament running now above the brightening
B3. V3 was almost not visible at that moment. It reached
its maximum area, after long gradual increase, at about
11:25 UT. After that time V3 very quickly disappeared.
In the velocity map from 12:41 UT stronger redshifts in
the region of west legs of P1 anchorage were visible again.
A new region of strong redshifts appeared in the vicinity of former V2. All the bright B-areas became smaller
although their brightness stayed the same. It looks as if
the overall activity of the NOAA 7912 active region was
gradually going down.
4.2. Summary of the observed changes in Hα and X-rays
The flare and jet in X-rays appeared above the P2 filament. Footpoints of the jet and related flare loops are close
to B1 and B3 brightenings (Fig. 2, image at 09:08 UT).
The brightness of both B1 and B3 increased after the flare.
The filament/fibril changed considerably after the
flare. Strong velocities appeared all along it. There was
a shift in its position between 09:08 UT and 10:29 UT,
consistent with a temporary rise of its middle part. One
hour after the flare, the filament appears broken in two in
the vicinity of B1. Around that position, at 10:58 UT the
line-of-sight velocities showed a double structure already
(Fig. 3). In the red and blue wing images these two parts
appear differently: upflow is stronger in the southern part
and downflow is dominant along the northern part. The
downflow was already present at the time of the flare
maximum at 10:29 UT. Filament P3, which is the south
continuation of P2, disappeared at the time of the flare
and jet (compare images at 09:08 UT and 10:58 UT in
Fig. 2), and needed almost three hours to re-form (see
Fig. 2, image at 13:14 UT). Possibly it erupted during
the event, providing material for the jet. Downflows in
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filament pointing to the sunspots have been previously
observed by e.g. Mouradian et al. (1988).
Strong blueshift appeared along the fibril F2 at the
time of the flare at the western part of the big spot. SXR
loops rooted in F2 region appear to connect to the region
around B1 brightening and also to the northern part of
the positive polarity, where we observe a strong downflow
(V2 in Fig. 3, image at 10:58 UT).
5. Discussion and conclusions
Using spectral scans taken co-temporarily and co-spatially
with the 9-channel MSDP instrument in the Hα line, we
document four hours of the evolution of the NOAA 7912
active region on 19 October 1995. Utilizing Yohkoh/SXT
images co-aligned carefully with the Hα observations we
relate the chromospheric features to the coronal ones.
In the quiet state of this reversed polarity AR the
brightest, highly sheared X-ray loops (they were almost
parallel to the filament) appeared above a system of strong
dark chromospheric fibrils connecting the penumbra of the
big leading spot and a bright chromospheric area. These
fibrils did not show the characteristic flow pattern of arch
filament systems, so we conclude that they did not belong to emerging flux. It is interesting to note that all the
brightenings, except for the B2, occurred at the base of
anchorage of the feet of the corresponding fibrils systems.
The brightest X-ray loop was rooted in the brightest part
of the chromospheric plage, in the vicinity of a local (positive) magnetic field maximum. Apart from the time of
flare and jet event, this X-ray loop remained the brightest
X-ray feature in the AR for several hours.
The studied B3.2 flare associated with the X-ray jet affected the entire AR. Strong up and downflows appeared
at both sides of the big leading spot, far away from the
flare. The remote fibrils appear to be connected by long
sheared coronal loops. The important downflow of the material (V2) was associated with a minor brightening in
the Hα line centre, thus the impact of the matter very
probably created some chromospheric heating. The flare
footpoints were observed at both sides of a filament. This
filament changed the most considerably, as expected, due
to the flare. Inside the AR the filament separated into
two parts, the one close to the flare footpoints appeared
temporarily at a higher altitude after the flare. Similar
behaviour of a filament after an X-flare was observed by
Dezső et al. (1980). It is remarkable that even a minor B3.2
flare can have such effect. There were important velocities
observed along the filament during and even half an hour
after the flare. The two parts appeared dynamically different: one, located close to the big spot, was dominated by
downflow, another - located close to the flare footpoints,
by upflow. The south continuation of the filament disappeared, probably erupted, at the time of the flare, and
re-formed only about three hours later. The fact, that the
filament did not erupt inside the AR can be attributed to

95

the stabilizing effect of the strong overlying loops, while
outside of the AR such loops did not prevent the eruption. Such duality in the reaction of a filament to a flare
was reported earlier by Raadu et al. (1988) and van DrielGesztelyi et al. (1998b). Raadu et al. (1988) related the
activity of the filament to photospheric motion of pores
corresponding to change in the small scale magnetic polarity pattern. Such behaviour could be explained with the
new MHD models of prominences which show the direct
relationship between prominence foot and the presence of
small parasitic polarities in the filament channel (Aulanier
& Démoulin 1998; Aulanier et al. 1998 and 1999). Any
disturbance in the magnetic field pattern (cancellation,
emerging flux) close to a foot could lead to eruption of
the foot and more generally of the filament itself.
The presented series of high-resolution spectroscopic
Hα observations demonstrated how dynamical is the chromosphere and even a minor flare can lead to important
morphological and kinematic changes.
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