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ABSTRACT. We present the results of the multi-
wavelength study of the two-ribbon solar flare on July
19, 2000 in the active region NOAA 9087. The evo-
lution and morphological properties of the flare pro-
ductive active region have been analyzed. The active
region was growing rapidly and showed a complex mul-
tipolar magnetic field configuration. It was large, pro-
ducing many events, including the flare under consid-
eration. The 3N/M6.4 two-ribbon flare was a promi-
nent, long duration event in the active region evolution.
According to Solar Geophysical Data (SGD) the flare
lasted 2.5 hours. The flare energy release took place in
many sites of the active region.

We used combination of data from space and ground
based observatories for study. 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 Observatory (SOHO)
Michelson Doppler Imager (MDI) and Extreme ultra-
violet Imaging Telescope (EIT). We used the H,, filter-
grams from the Meudon spectroheliograph and white
light images of Big Bear Solar Observatory (BBSO).

All the data show continuously evolving SXR, EUV
and H, features during the flare. The HXR and the
type III radio bursts were observed at the flare onset.
The first H, flare kernels and the surge, connected
with the filament eruption, were initiated near a large
positive-polarity sunspot. The main bright kernels of
the flare occurred at the centre of the active region
near magnetic neutral line, after that the flare ribbons
appeared along it. It was found that HXR coronal
source was located along a magnetic polarity inversion
line of the active region. EUV loop structures indicate
the observational evidence of a magnetic reconnection
during the main phase of the flare.

AHOTAIIIA. B pobori mpeicTaBieHO pe3yIbTaTh

0araTOXBUJILOBOTO  JIOCTIIKEHHST  JBOCTPIYKOBOIO
couguHoro cmajaxy 19 gmmaa 2000 poky B
aktuBHil objgacti NOAA 9087.  IlpoanamizoBano

€BOJIIOTHIO0 Ta MOPQOJIOTIYUHI BJIACTHBOCTI CIAJIAXOBO

akTUBHOI o0OJiacTi. AxTuBHa 001aCTH IIBUJIKO
3pocTajia i JIEeMOHCTPYBaJja CKJAJIHY OaraTOmoJIsipHY
Kouddirypariio maraitaoro moss. Bona Gysa Besmkoro,
crpuIuHsIa 6araTo Mo/, BKIIOYHO 31 CHaJIaxoM, o
BuB4aerbed. JlBocrpiukosmii cnasax 3N/M6.4 Gys
BU3HAYHOIO, TPUBAJIOI IIOJIIEI0 B €BOJIFOI aKTUBHOL
obaacri. 3a gannmu Solar Geophysical Data (SGD),
cnayiax TpuBaB 2,5 romman. Bukwm emeprii crajgaxy
BitOyBaBCsT y 6araThbox MICIsIX aKTUBHOI 00J1aCTi.

Ja mocitijizKeHHsI BUKOPUCTAHO IIO€THAHHS JAHUX
KOCMIYHUX Ta HazeMHHX obcepmaropiit. Jami st
skopcrkoro (HXR) ta M’sikoro (SXR) peHTreHiBChKOTo
BUIPOMIHIOBAHHS OyJii OTPUMAaHI Ha TEJECKOIax
Yohkoh (HXT Ta SXT) Ta Geostationary Operational
Environmental Satellite (GOES). Marnitorpamu Tta
EUV-306pazkennss Oynu orpumani Solar and Helio-
spheric Observatory (SOHO) Michelson Doppler Im-
ager (MDI) ta Extreme Ultraviolet Telescope (EIT).
Bynu Bukopucrani H,-diasrporpamu 3 Meudon spec-
troheliograph Ta 300paxkenns B 6Gimomy cBiTii 3 Big
Bear Solar Observatory (BBSO).

Yei  pmami  moKazyioTh, IO MiJ  Yac  CraJiaxy
BiOyBajmcst TOCTiliHI 3MiHM B PpI3HUX Jllala30Hax:
SXR, EUV Ta H,. Ha mnouarky -conamaxy
cuocrepirasimes  citecku  HXR - ta  pagiocnieckm
III Tuny. Ilepmi H, -aapa cnaaxy Ta xpomMochepHuii
BUKWJ 3'SIBUJINCS Oijisi BEJUKOl COHSIYHOI IUISMU 3
MO3UTHUBHOIO TojsApHicTio.  OCHOBHI sICKpaBi sIapa
CHaJlaXy BUHUKJIA B IIEHTPI aKTUBHOI 00J1acTi mobu3y
MAar"iTHOI HEHTpaJbHOI JIiHil, MiCJsd 9Oro B3J0BXK HeET
3'IBUINCS CTPIUKHU CITajaxy. DByso BCTAHOBJIEHO, IO
koponasbHe mkepeso HXR posramoBame y370BK
JIiHIT iHBepCil MarHiTHOI MOJISTPHOCTI AKTUBHOI 00J1aCTi.
Crpykrypu EUV-nerenp BKa3yoOTh Ha CHOCTEPEXKHI
JOKa3W MArHITHOTO Tepe3’€THAHHS I 9ac TOJOBHOI
dazu cragaxy.
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1. Introduction

Solar two-ribbon flares are extremely powerful erup-
tions caused by magnetic reconnections. The magnetic
energy is converted into radiation, heat, particle accel-
eration, fluxes and waves. The development of two-
ribbon flares has been studied on the base of multi-
wavelength observations in many works (eg, Ding et
al., 2003, Rovira et al., 2007, Kumar et al., 2010).
They are often accompanied by eruption of the fila-
ment lying along the neutral magnetic line (eg, Ding
et al., 2003). Surges are observed often simultaneously
with two-ribbon flares. Kumar et al. (2010) reported
that the trigger of the M8.9/3B flare was the activation
of spiral-twisted structures. The emergence of a new
magnetic flux, the movement of photospheric matter,
the shear and the vortex movements at the footpoints
of the loops can lead to magnetic reconnection, result-
ing in flares (eg, Heyvaerts et al., 1977, Gorbachev et
al., 1988, Somov et al., 2002, Su et al., 2007).

We study an evolution and morphological properties
of the two-ribbon solar flare on July 19, 2000 in the
flare-productive active region NOAA 9087. We used
multi-wavelength data and analyzed the sequence of
flare images on filtergrams in the H, line, magne-
tograms and extreme ultraviolet images.

2. Observational data

Space-born and ground based observations are used.
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 He-
liospheric Observatory (SOHO) Michelson Doppler
Imager (MDI) and Extreme ultraviolet Imaging Tele-
scope (EIT). H,-filtergrams were obtained with the
Meudon spectroheliograph, radio data with Learmonth
Solar Radio Spectrograph, white light images in Big
Bear Solar Observatory (BBSO).

3. Active region NOAA 9087

Morphological properties of the active region (AR)
NOAA 9087 have been analyzed. The active region
emerged from the edge of the solar disk on July
15 and was visible on the disk until July 27, 2000.
AR developed rapidly, its structure changed. The
number of spots increased from day to day, new spots
appeared, while others disappeared. The shape of the
spots was complex and changed over time. The active
region showed a complex multipolar magnetic field
configuration, which became more complicated as it
developed. Parasitic polarity regions were observed,
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Figure 1: Different wavelenght light curves (H,, inten-
sity, soft X-ray flux, radio solar flux) for flare on July
19, 2000.

which indicates the emergence of new magnetic
fluxes. The neutral magnetic line had a curved shape,
its length and shape changed in time. The region
produced many events, including the flares. Flare
activity peaked on July 19, when the magnetic field
configuration was [3-y-6. The most powerful 3N/M6.4
two-ribbon flare in the active region occurred on that
day. We analyzed the development of this flare in
present work.

4. Flare evolution

According to Solar Geophysical Data (SGD) the
3N/M6.4 two-ribbon flare occurred in the active re-
gion NOAA 9087 at 06:37 UT on 2000 July 19, peaked
at 07:23 UT and lasted 2.5 hours. Flare coordinates
are S18E10. The flare is a long duration event. SXR,
EUV and H, data show continuously evolving features
during the flare.

Hard X-ray and the type III radio bursts were ob-
served at the flare onset. Two bursts of the HXR in-
tensity and four radio bursts at 2.69 GHz were in the
initial phase (Table 1, Figure 1). Figure 1 shows dif-
ferent wavelength light curves. The flux of soft X-ray
radiation slowly decreased in the main phase of the
flare. Flare peaks at the H, line are later than peaks
in radio emission and HXR. It indicates that magnetic
reconnections took place in corona at onset of the flare.

We used the observational data in the H, line ob-
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Figure 2: H,-images (Meudon) for different phases of flare July 19, 2000 evolution

Table 1: Times (UT) of burst peaks in different wave-
length ranges.

Max1 Max2 Max3 Max4
HXR  06:49:27 06:57:01
Radio 06:49 06:59 07:06 07:16
H, 06:50:33 07:01:11 07:07:34 07:18:12

tained using the spectroheliograph of the observatory
in Meudon for study. Filtergrams were obtained in
time steps from 30 seconds to 1 minute. We have an-
alyzed in detail the development of the flare in H,-
filtergrams. Figure 2 shows the evolution of the flare
in the H, line. At the beginning of the flare two bright
kernels appeared in the region of a large spot, several
plages and flare kernels brightened at first peaks of
HXR and radio emission at 06:49 UT. New flare kernels
appeared at the middle part of the active region. The
first flare kernels near the large spot disappeared, large
post-flare loops appeared and chromospheric surge oc-
curred at this place (Fig. 2).

The position of the hard X-rays source at 06:57 UT

was obtained by Yohkoh HXT. The HXR contour im-
age was overlaid on the MDI magnetogram, H,, SOHO
195 A and SXT images (Fig. 3). Comparison between
the spatial distribution of the H, kernels and that of
the HXR source shows that HXR source was located
in the central part of active region above the magnetic
neutral line in the brightest kernel area. In most of the
area, the position of the source of hard X-rays coincides
with the place of the soft X-ray emission.

A new H, kernel appeared at the bottom of the ac-
tive region shortly before the flare maximum. Flare
kernels in the other part of the active region bright-
ened. Cold post-flare loops near large spot are visible
in 304 A. The maximum brightness of all kernels was
at the main H, peak of the flare at 07:23 UT (Fig. 2).

A set of consecutive images of loops in the extreme
ultraviolet wavelength passband 195 Awas analyzed.
EUV loop structures show the observational evidence
of a new magnetic reconnection closer to the spot
during the main phase of the flare (Fig. 4). New flare
H, kernels appeared in the magnetic reconnection
area (Fig. 2).
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5. Conclusions

The evolution of the two-ribbon 3N/M6.4 flare on
19 July 2000 in the flare-productive solar active re-
gion NOAA 9087 analyzed on the base of the multi-
wavelength observations, combination of data from
space and ground-based observatories. All the data
show continuously evolving SXR, EUV and H, fea-
tures during the flare.

The active region was growing rapidly and showed
a complex multipolar magnetic field configuration. It
was large and produced many eruptive events. The
3N/M6.4 flare was a prominent, long duration event in
the active region evolution. The flare energy release
took place in many sites of the active region.

HXR and type III radio bursts were observed at the
flare onset. The first H, flare kernels and the surge
were initiated near a large positive-polarity sunspot.
The main bright kernels of the flare occurred at the
centre of the active region near magnetic neutral line,
after that the flare ribbons appeared along it.

HXR coronal source was located above magnetic
neutral line of the active region in the brightest
H, kernels area. EUV loop structures show the
observational evidence of the magnetic reconnections
during the flare main phase.
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Figure 3: The Yohkoh HXR contour image is overlaid
on the MDI magnetogram, H,, SOHO 195 A and SXT

images.
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Figure 4: EUV (195 A) images at different moments of the flare evolution show magnetic reconnections in
corona at main flare phase.





