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ABSTRACT. We present the results of the analysis of
morphology and evolution of the circular solar flare using
H-alpha images. H-alpha filtergrams were obtained with
the Meudon spectroheliograph. The active region NOAA
9087 had a complex multipolar magnetic field configura-
tion. New magnetic fluxes emerged during the evolution of
this flare-productive active region. The high flare and surge
activity was observed in the active region.

According to Solar Geophysical Data (SGD) the
3N/M6.4 class solar flare occurred on July 19, 2000 at
06:37 UT, peaked at 07:23 UT and lasted 2.5 hours. Two
bright kernels appeared near large positive-polarity sunspot
at the beginning of the flare. In a few minutes bright kernels
occurred in the center of the active region near polarity in-
version line. Space solar observatory Yohkoh detected a
hard X-ray (HXR) coronal source in the 13.9-22.7 keV and
22.7-32.7 keV energy bands in this location.

New kernels appeared in the southern and eastern parts
of the active region at the boundaries of the chromospheric
network. They brightened sequentially clockwise, which
may indicate a slipping reconnection. Magnetic reconnec-
tion was observed in the main phase of the flare in the east-
ern part of the active region. In the late flare phase arcade
of post-reconnection EUV loops connected the main flare
ribbon with the place of repeated reconnection. Additional
heating may be required for the explanation of the long
flare decay phase.

Flare ribbons of the circular shape were formed. The
complex magnetic configuration of the studied active re-
gion and circular shape of the ribbons suggest that it had a
fan-spine magnetic topology with null points. Possibly,
flare ribbons are the locations of intersections of the fan
quasi-separatrix layer with the chromosphere. They ap-
peared as a result of heating or particle beam moving along
a quasi-separatrix layer from a source in the corona.
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ABCTPAKT. B poGori mnpeacTaBieHO pe3yJbTaTH
aHalizy Mop¢oJorii Ta €BONIOLii KPYrOBOTO COHSYHOTO
crnanaxy i3 BUkopuctanusaMm H-anme¢a 300paxens. H-ansga
¢ubTpOrpaMM  OTPUMAHO 3a JONOMOIOI  CIEKTpPO-
remiorpada obcepparopii B MenoHi. AKTuBHa 001acTb
NOAA 9087 mana ckinaaHy KoH(irypariro O6aratomnoJsp-
HOT'O MarHiTHOro mnoisi. HoBi MarHiTHI MOTOKH 3'SBISUTHCS
IiJ] Yac CBOJIIOMIT i€l CIaJaX0BO-MPOTYKTHBHOT aKTHBHOT

obmacTi. baraTo cnanaxiB Ta BUKHIIB COCTEPITaIHCh Y it
aKTUBHIH 001acTi.

3rigno 3 CorssyrnMu reodiznaanmu qanumu (SGD) co-
HsyHEil cnanax knacy 3N/M6.4 unuk 19 mumas 2000
poky o0 06:37 UT, nocsrays makcumymy o 07:23 UT i tpu-
BaB 2,5 ronuHu. Ha novatky crnanaxy 3’sBUiIOCS ABa siC-
KpaBHX si1pa OiJIst BEJIMKOI COHSIYHOT IUISIMH 3 IO3UTHBHOIO
noJsipHicTio. Yepes JieKkiibKka XBUIMH B LIEHTPI aKTHBHOI
obmacTi mo6ym3y MiHIi iHBepCii MONSIPHOCTI BUHHUKIIN SIC-
kpaBi sjpa. KocmivHa consiara oocepBaropist Yohkoh Bu-
SBIJIa KOPOHAJIBHE JKEPETIO JKOPCTKOTO PEHTTEHIBCHKOTO
punpominioBanHs (HXR) B enepretmunux cmyrax 13.9-
22.7 ta 22.7-32.7 xeB y mpomy Mmicti.

Hogi siipa 3’sIBUIKCH Y MiBICHHIN Ta CXiJHIN YacTHHAX
AKTUBHOI 00J1aCTi HAa Mekax XpoMochepHoi Mepexi. Byzmu
Criajiaxy cTaBajli SCKpaBilIMMH IOCITIJJOBHO 32 TOJUHHU-
KOBOIO CTPIUJIKOIO, III0 MOXKE CBIIYMTH PO KOB3arOUe Mar-
HiTHe niepe3'enHanHs. [loBTOpHE MarHiTHe nepes'eJHaHHS
criocrepiraiocs B OCHOBHIHM (a3i craysaxy B CXiJHIH 4a-
CTHHI aKTHBHOI o0nacTi. Y mi3HiK cranaxosiif (asi apkama
miciacnanaxoBux EUV nerens 3'eqHyBaza OCHOBHY cIiaia-
XOBY CTPIUKY 3 pO3TallyBaHHSM MICISI TIOBTOPHOTO Mar-
HiTHOTO Tiepe3'emHaHHs. [ mosicHeHHS TpuBanoi ¢asu
crajaxy MoJKe 3HaIOOMTHCS TOAaTKOBE HATPiBAaHHS.

CrataxoBi cTpiuku Manu Kpyriny popmy. CkiagHa mar-
HiTHa KOH(QIrypamis I0oCiiKyBaHOI akTUBHOI o0nacTi Ta
Kpyria ¢popMa CTPIYOK JO3BOJISIOTH MPUITYCTHUTH, 1110 BOHA
MaJla MarHiTHY TOIIOJIOTIIO THITY "Bisuto-IInN" 3 HYJIbOBUMH
TOYKaMHu. MOXITMBO, ClIaJIaXOB1 CTPIYKH — II€ MICIIS Tepe-
TUHY IIapy BisUIOBOI KBazicemapaTpucu 3 XpoMocdeporo.
Bonmn 3’aBHiTIICHE BHACHIOK HAarpiBaHHS a00 MepeMileHHs
IMyYKa YacCTHHOK B3AOBXK KBazicemapaTpUCHOTO IIapy Bif
JDKepeTia B KOpOHi.

1. Introduction

Solar flares occur as a result of magnetic reconnections.
Magnetic reconnections can be initiated at null points, on
separators, in quasi-separatrix layers. Fluxes of energetic
particles from the reconnection region or heating of the
lower atmosphere cause the appearance of flare kernels and
ribbons in the chromosphere.

The magnetic topology is very important for the occur-
rence and development of the flares (Priest and Titov, 1996).
The attention of many authors is directed to the study of
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three-dimensional magnetic field topology, containing 3D
null points (eg, Aulanier et al., 2012, Guo et al., 2019).

The skeleton of the magnetic topology in the active re-
gion determines the geometry of flare ribbons (Guo et al.,
2019). Flare ribbons can form at the intersection of the
quasi-separatrix layer with the lower atmosphere (Mandrini
et al., 1991). Study of morphology and evolution of flare
kernels and ribbons can provide information about the to-
pology of the magnetic field and mechanisms that contrib-
uted to flare occurrence and development.

We analyzed the sequence H-alpha images to study an
evolution and morphological features of the two-ribbon so-
lar flare on July 19, 2000 in the chromosphere of the active
region NOAA 9087.

2. Active region, flare and observational data

The active region NOAA 9087 was observed on the so-
lar disk from 15 to 27 July 2000. It had a multipolar mag-
netic field configuration, which became more complicated
every day. Its flare activity increased gradually. A 3N/M6.4
flare occurred on July 19 at coordinates S18E10. It took up
a large area on the disk. According to Solar Geophysical
Data, the H-alpha flare began at 06:37 UT, its main maxi-
mum was at 07:23 UT, and the end was at 09:01 UT. It
lasted for almost 2.5 hours and belonged to the class of
long-term events (LDE - Long Duration Event).

In the paper (Chornogor and Kondrashova, 2020) the
data of space-born and ground based observations of this
flare were analyzed. The hard X-ray (HXR) and soft X-ray
(SXR) data were obtained at the Yohkoh Telescopes (HXT
and SXT) and Geostationary Operational Environmental
Satellite (GOES). The full-disk magnetograms and EUV-
images were provided by the Solar and Heliospheric Ob-
servatory (SOHO) Michelson Doppler Imager (MDI) and
Extreme ultraviolet Imaging Telescope (EIT). Radio data
were obtained with Learmonth Solar Radio Spectrograph,
white light images in Big Bear Solar Observatory (BBSO).
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Figure 1: H-alpha image at 06:44:08 UT and SOHO 195A
image at 06:44:10 UT
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Figure 2: H-alpha image at 06:51:39 UT and SOHO 195A
image at 06:51:12 UT

Wavelenght light curves for hard X-ray and soft X-ray
fluxes, radio solar flux, H-alpha intensity were presented.
Times of burst peaks are given in table. H-alpha intensity
peaks are 06:50:33, 07:01:11, 07:07:34, 07:18:12 UT. The
main H-alpha peak of the flare was at 07:23 UT.

To study the flare evolution in the chromosphere, in this
work we used the H-alpha line filtergrams. Filtergrams
were obtained at the Meudon spectroheliograph in time
steps from 30 seconds to 1 minute. EUV images also used
in this work.

3. Flare evolution in the chromosphere

The flare studied began with the appearance of two
bright kernels near a large spot of positive polarity (Fig. 1).
The SOHO 195A image is also shown in the figure for com-
parison of the development of the flare in the chromosphere
and the corona. A few minutes later, the intensity of the
plages in the center of the group, near the polarity inversion
line, increased (Fig. 2). In the first place of the flare, there
was an arcade of post-flare loops.

A surge occurred at one of its footpoints, which then
fragmented into several jets. Then a tunnel of bright loops
appeared to the southwest of this place (Fig. 3). The flare
kernels in the central part of the active region became very
bright. Possibly, they were caused by a hard X-ray burst the
peak of which was observed at 06:57 UT.

According to the data of the hard X-ray telescope HXT
on board Yohkoh, the coronal source of hard X-ray radia-
tion in the L (13.9-22.7 keV) and M1 (22.7-32.7 keV)
bands located above the line of polarity inversion. A new
kernels has appeared in the southern part of the active re-
gion (Fig. 4).
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Figure 3: H-alpha image at 07:01:11 UT and SOHO 171A
image at 07:00:14 UT
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Figure 4: H-alpha image at 07:09:42 UT and SOHO 284A
image at 07:06:04 UT

The flare ribbons formed had a circular shape. It can be
assumed that the studied flare was circular. At 07:13:57 UT
the flare occupied almost entire central and southern parts
of the active region (Fig. 5). The SOHO 195 A and 304 A
images also show the circular shape of the flare.

Circular flares are usually associated with a magnetic fan-
spine topology containing 3D null points (Yang et al., 2015).
Flare ribbons can be located at the intersection of the fan with
the photosphere. The maximum brightness of all kernels was
at the main H-alpha peak of the flare at 07:23 UT.
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Figure 5: H-alpha image at 07:13:57 UT and SOHO 195A
image at 07:13:49 UT
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Figure 6: H-alpha image at 07:23:33 UT and SOHO 195A
image at 07:26:15 UT

The images, obtained in the main phase of the flare, show
the intersection of bright EUV-loops in the eastern part of the
active region, indicating magnetic reconnection (Fig. 6). The
response of the chromosphere is visible in the H-alpha im-
ages. Further development of the flare took place in the
southern and eastern parts of the active region (Fig. 7).

The brightening of the kernels of the flare studied oc-
curred mainly consistently in different places of the active
region, which may indicate slipping reconnection (Aulanier
et al., 2006). This type of magnetic reconnection can occur
when field lines pass through the quasi-separatrix layer and
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Figure 7: H-alpha image at 07:45:49 UT and SOHO 195A
image at 07:54:10 UT

undergo continuous successive reconnections. In the flare
studied, the brightening of kernels occurred clockwise in
the main.

4, Conclusions

* The evolution of the two-ribbon 3N/M6.4 flare on 19
July 2000 in the chromosphere was analyzed on the base of
the H-alpha filtergrams. Analysis of H-alpha images shows
that the state of the chromosphere was constantly changing
during the flare. The energy was released sequentially in
different places of the active region.

* The kernels appeared along the polarity inversion line
sequentially and were located at the boundaries of the chro-
mospheric network.

» The successive appearance of flare kernels may indicate
slipping magnetic reconnection in the flare. The flare ribbons
were round. It can be assumed that there was a magnetic to-
pology of the fan-spine type, containing null points. In the
main phase of the H-alpha flare, the images show loops in-
tersecting over in the eastern part of the active region, which
are clearly visible in observations of EIT 195 A. They indi-
cate magnetic reconnection.

« The arcade of the EUV loops after reconnection con-
nected the main flare ribbon with the location of these loops
in the late phase in one and a half hour after the flare max-
imum. Additional heating may be required to explain the
long decay phase of the flare.
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