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RESUMEN

Analizamos la evolucion de la region activa (AR) NOAA 7070 y la relacionamos con una fulguracion 3B/X3, ocurrida el 27
de febrero de 1992. Las observaciones en rayos X blandos fueron obtenidas por el SXT (Soft X-ray Telescope) a bordo del satélit
Yohkoh y las imagenes erohprovienen del Observatorio de Udaipur (India). La ubicacion de los nucleos y bandas de la fulguracion
y la forma de los arcos en rayos X se comparan con el modelo del campo magnético de la AR. Tanto las observaciones como el
modelo muestran que los arcos coronales presentan alto “shear” antes de la fulguracién y que la configuracion se relaja luego d
la liberacién de la energia. Calculamos la energia magnética libre utilizando el teorema del virial, hallando un limitieinferio
2x10% erg. Este valor concuerda con los valores tipicos de energia liberada por estos fenémenos.

PALABRAS CLAVE : Actividad solar, fulguraciones solares, campo magnético solar, magnetohidrostatica (MHS).

ABSTRACT

Active region NOAA 7070 was related to a 3B/X3 solar flare that occurred on February 27, 1992. The soft X-ray flare
observations were obtained by the SXT (Soft X-ray Telescope) on board the Yohkoh satellite, and thdsaninttvé Udaipur
Observatory. The location of theatkernels and ribbons, and the shape of soft X-ray loops are compared with the magnetic field
model of the AR. Both, observations and model, suggest that the coronal loops are highly sheared before the flare and that the
configuration relaxes after energy release. We compute the magnetic free eneid)arg; this value is typical for the energy
released by solar flares.

KEY WORDS: Solar activity, solar flares, solar magnetic field, magnetohydrostatics (MHS).

1. INTRODUCTION 2. EVOLUTION OF AR 7070

The low resistivity of the coronal plasma allows the
long-term allocation of energy in the coronal magnetic field.
It is widely accepted that this provides the energy released
during solar flares. The relation between magnetic shear and
flaring activity is strongly supported by observations (see
e.g. Hagyaret al, 1984) and the energy release depends on
the active region dynamics and topology. The interaction
between coronal structures, forced either by flux emergence
or by rapid motions of photospheric structures (see e.g
Mandriniet al, 1991, Démoulirt al, 1994 and Gaizauskas
et al, 1998) can create conditions for reconnection.

AR 7070 appeared on the solar disk on Feb. 22, 1992
(Kalman, 1992). It presente@dype configuration consisting
on two parallel chains of umbrae surrounded by an extensive
penumbra. In Figure 1 we show the evolution of dhe
configuration and of individual spots. The northern chain
consisted of leading (negative) umbrae and the southern chain
consisted of following (positive) ones. The neutral line
crossed thé configuration in the East-West direction. On
" Feb. 23 new magnetic flux emerged. This flux interacted with
the old one and a 2B/M4.9 flare was observed. The western
spots that belong to the new flux moved at a speed of 84 m/
We discuss the relation between the evolution of the S towards the West between Feb. 23 and Feb. 25. On Feb. 26
active region (AR) 7070 and the 3B/X3 flare observed on their velocity increased to 220 m/s and, on the 27, the 3B/X3
February 27, 1992. In Section 2 we study the white light flare was observed. Afterwards, the magnetic flux of the AR

evolution of the AR. In sections 3 and 4 we analyze the Started to decrease.

observations of the AR made irknd soft X-rays during

different phases of the flare. In Section 5 we apply a linear 3. Ha OBSERVATIONS

non-force free field model to AR7070. The results enable as

to estimate a lower limit of the energy of the flare, using the The sequence of ¢d images shown in Figure 2
magnetic virial theorem. In Section 6 we provide a corresponds to February 27, 1992, during the different phases
phenomenological interpretation of this flare. of the flare. In the firstimage (5:17 UT), we see the spots of
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Fig. 1. Evolution of the spots in AR 7070, the big contour corresponds docthriguration. The scale is in Carrington coordinates, 1
Carrington degreel2 Mm. The field of view covers96x240 Mn¥.

thed configuration and the filament crossing it in coincidence The contours superposed on the images indicate the position
with the inversion line. The next two images (9:41 and 9:48 and shape of thieconfiguration. The hot coronal loops appear
UT) show four bright kernels, two on the southern side and progressively higher as time goes on. This is consistent with
two on the northern side of the inversion line. The image at what is observed indd where the two ribbons separate from
9:48 UT corresponds to the flare onset observed in hard X- each other. In Figure 4 we show the coronal aspect of the AR
rays and EUV. The maximum emission ia i$ observed at before (7:02 UT) and after (16:31 UT) the flare. In the former,
9:56 UT; note the two ribbons of the flare. On this image the the loops close to the inversion line appear to be highly
filament is not seen. The last two images show the progressive sheared, while in the latter they seem potential.

separation of the ribbons. The distance between them is at

least 50 Mm, at 11:44 UT. 5. LINEAR NON-FORCE FREE MAGNETIC FIELD

MODEL
4. SOFT X-RAY OBSERVATIONS
We apply to AR 7070 the atmospheric magnetic field
model developed by Low (1991, 1992, see also Aulaatier
al., 1999). This model expresses the current as a function of
two components:

During the flare onset, Yohkoh was crossing the South
Atlantic Anomaly (Brekkest al, 1995), and the working level
of its high voltage device was reduced. Because of this, there
are no available HXT images, and the SXT images OxB=aB+ f(z)0B, x2 (@)
corresponding to the flare onset are saturated. Nevertheless,
many non-saturated SXT images were taken during the main where
phase. Four of these images are shown in Figure 3, outlining
the evolution of the coronal arches involved in the event. f(2) =aexp(z/ H) (2
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16:38._ 1 11:44 UT

Fig. 2. Sequence ofdimages during the flare. In these images North is rotatetbbe right. The covered field of view on each image
corresponds te180x180 Mn¥.

This last equation together with the MHS equation

P=po(2) -5 f(2)B2 (4)
4=(0xB)xB~0p-pgZ=0 @3)
can be solved to give the magnetic field. The plasma pressure p= ldL'ZO+4L %% BZ+ f(B DD)BZE' (5)
and density due to the non-force free condition are 9 g

respectively:
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Fig. 3. SXT images showing different stages of the flare gradual phase. The field of view of the imagesLi30 Mn?.

Fig. 4. Comparison of SXT images before and after the flare. North is to the top and West is to the right. The obsefuaeifiédd o
230x230 Mnft.
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Fig. 5. Extrapolation of the magnetic field in the potential case. The

size of the box i$230x230 Mnt. The isocontours represent the

line of sight magnetic field, corresponding to 100, 500 and 1500

Gauss; positive and negative with continuous and dashed lines
respectively.

Solar flare observation

The results are shown in Figures 5 and 6. The boundary
conditions have been taken from a MSFC (Marshall Space
Flight Center) magnetogram. Figure 5 corresponds to the
potential magnetic field, while Figure 6 shows the change in
the field lines with increasinm, i.e. the shear of the magnetic
field lines. We have drawn isocontours of the line-of-sight
magnetic field. Comparing with X-ray observations, before
the flare the coronal loops are consistent with a higalue.
After the flare the magnetic configuration can be represented
by a potential field. The estimated errors in the overlays
between ld and SXT images and the computed maps is about
4 Mm, twice the size of the pixels.

Taking the value af that best matches the global shape
of the soft X-ray loops, we obtain a linear force-free model
of AR 7070. Using the magnetic virial theorem we calculate
the lower limit of magnetic free energy atl®* erg., since
the observed shear is higher than can be modelled with our
approximation for the shorter field lines.

Fig. 6. Extrapolation of the magnetic field for different valuea.dfhea values for the panels are: a) -0.003 #im) -0.006 M, c) -
0.009 Mmt, d) -0.013 Mnt. The convention is the same as in Fig. 5.
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