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Abstract. We presenta study of active region (AR) 7031, whelleops (Hanaoka 1996; Yoshida & Tsuneta 1996; Liu ¢t al. 1998)
several flares occurred throughout the last week of Januamd with multiple sources in hard X-rays (Sakao etal. 1994) has
1992. We analyze in detail the three largest flares, bothan Hhcreased as well.
and soft X-rays. During its transit across the disk this region Khodachenko and Zaitseir (1998) modeled energetic pro-
interacted with another one (AR 7038), as indicated by the eesses in solar ARs. They concluded that energetic processes in
current brightening in soft X-rays of an interconnecting loopndividual magnetic loops lead to a flare-like heating of nearby
accompanied by sympathetic flaring. loops. That means, a multiple loop structure is considered. Hori
Using a linear force free extrapolation of the photospherat al. (1998) used hydrodynamic simulations to reproduce spec-
magnetic field, we compute the locations of Quasi-Separattial profiles observed in the early phase of solar flares. They
Layers (QSLs), which are the likely places where the magnetaind that only multiple-loop systems are compatible with their
field can reconnect. We find that flare brightenings can be linketbdels. In EEmoulin et al.[(1997) the authors show thatin all the
by field lines having footpoints at the QSLs. Furthermor@ares they have studied more than one single loop is involved.
field lines connecting AR 7031 and AR 7038 belong to th®zaki et al. [(1997) studied by means of a three-dimensional
QSLs computed when magnetograms from both ARs aregneto-hydrodynamic simulation the interaction of magnetic
combined. We conclude that both soft X-ray flare loops anhdops and arcades. They found that a single loop or arcade
interconnecting loops result from magnetic reconnection at thees not exhibit any significant energy release, even though
QSLs. Which of the many QSLs found in the computatiorisis highly twisted and expanded. These authors also concluded
are the site of magnetic reconnection depends on the magnttat a flare-like energy release can occur only when two flux
field evolution. In the studied ARs we can identify threéubes collide and reconnect with each other.
different drivers for energy release: flux emergence, photo- Theidea of energy release in flares driven by reconnectionin
spheric displacements of the polarities and nearby magnetiparatrices is intimately related with a multiple-loop structure.
reconnection. This last process leads to sympathetic flaring dndseparatrices, the field-line linkage is discontinuous. There,
to the brightness enhancement of the interconnecting arc. field lines can reconnect and the magnetic field can relax to a
new, less energetic configuration. The generalization of the con-
cept of separatrices to configurations without field-line linkage
Key words: methods: data analysis — Sun: flares — Sudiscontinuities was put forward by Priest &bnhoulin [1995).
magnetic fields They proposed that magnetic reconnection may occur in 3D in
the absence of null points at “quasi-separatrix layers” (QSLS),
which are regions where there is a steep gradient or a dras-
tic change in the mapping of field lines from one boundary to
1. Introduction another of a given magnetic volume. They proved that in a spe-

, , cial configuration (a sheared X-type magnetic field), nearly any
The old debate about how many loops are involved in a flagg, ooth and weak flow imposed on the boundary produces strong

appears to have no end. The main reason is because therg iz ot the QSLs. Bmoulin et al.[(1996) have determined the
roughly as many observed flaring configurations in soft X-ray§eation of QSLs and studied their properties in simple theo-
having one loop as having a multiple loop structure. After theyica) flaring configurations. To do that, they have developed a
first results from the Soft X-ray Telescope (SXT, Tsuneta et @, merical algorithm called QSLM, for Quasi-Separatrix Lay-

1991) the configuration with one single loop and two footpoini§s \ethod. Their results have been extended successfully to

in soft X-rays became more popular (Dennis et al. 1994), but@served configurations (e.geBoulin et all 1997; Mandrini

the same time the evidence for flares with interacting multiplg 5| 7997: Schmieder et &I T997: Gaizauskas &t al. 1998).
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Large-scale structures in the solar corona have been
served since 1970, starting with the Skylab X-ray instrumer s
only in soft X-rays. These early observations had a poor tel
poral resolution (see e.g. Chase et al. 19767# & Svestka 3 2
1986), but nevertheless, more than a hundred mterconnectz
loops were observed. HXIS (on board the Solar Maximum Mi7 i
sion), with better timing but poorer spatial resolution, has al:, o
observed interacting ARs connected through a large scale 5
(De Jager & Svestka 1985; Poletto et [al._1993). Howard
Svestkal(1977) and Svestka & Howard (1979, 1981), studyi
Skylab data, concluded that brightness variations of the loc
are always caused by magnetic field changes near their foot-
points. These changes can also produce flares in the conne
regions, but the flare occurrence and the loop brightenings
independent consequences of one common trigger action (
the emergence of anew bipole). SXT, on board the Yohkoh safz 0., [
lite, has better temporal and spatial resolutions. At present, oi Eo-
100 interconnecting loops measured with SXT have been a# '
lyzed. The first results (Manoharan et[al. 1896; Tsuheta 19‘°
Pevtsov et al._1996; &rik et al.[1999) suggest strongly thars
magnetic reconnection is the trigger for the developmentand
the brightening of the interconnecting loops. Several studi
proposed also that different loops can interact in such aw o
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that an instability in one loop system can be transmitted to an-

other loop system rooted nearby (Rompolt & Svestka 1996)50:;\ JET N AR T
The example described here suggests that both p053|bllmes%1re:’ 4_4}3{’\»\( Ayt &7 =T - O
present at different times. s 7 : by

We study the magnetic evolution of AR 7031 throughout am:
week, and compare this evolution with the location of flare em@ b
sion in Hy and soft X-rays. As we have observed the brightening st
of a loop connecting AR 7031 to AR 7038, we have analyzed |
this arc and we have generated a magnetogram combining%hwé?
two ARs. The magnetic field evolution is described in Sect. ? i
The flare data are analyzed in Sect. 3. After this, we show the @e F
sults of the magnetic field model and of the computed topology of
for the studied regions, and compare the location of QSLs to
observed features (Sect. 4). We conclude, first that energy is =5,
leased by magnetic reconnection, and second that the magr |
evolution (e.g. emergence of flux, displacement of the phot **[
spheric polarities and changes in the configuration due to nea, b
magnetic reconnection) is what determines the location of t= |
energy release sites at QSLs for the flares and the interconn 15 -
ing arc (Sect. 5).
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2. Magnetic field data

2.1. The magnetic evolution of AR 7031

al-

AR 7031 traversed the solar disk during the last week of January °
and the first week of February, 1992. Mees Solar Observatdiy. 1la—d. Longitudinal magnetograms corresponding to AR 7031
(MSO) obtained the magnetic data using the Mees Stokes Poa January 28 (22:17 UT) January 29 (01:48 UT) January 30
larimeter (Mickey 1985). On January 30, the day in which tH&8:06 UT) andd January 31 (18:54 UT), 1992. Full (dashed) lines
three most important flares happened, the AR was locatedeesent positive (negative) values=£00, 500, 1000 G. The axes
S07 W06 on the solar disk. are expressed in magnetogram pixelsclwe show the transverse

; netic field above00 G, the length of the arrows is proportional to
to Jlgnljgr? ;vse ggas;:'g tat:g r:lgla gfge;c;gr%r;r; rﬁig;gﬁ:ﬁigg (;]n %gogarithmic value of the field intensity. In this figure and in Fig. 2,

te restrial North is up and West is to the right.

the starting time of the raster, although the scan took up to é
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hours to complete a full magnetogram. The line measureddifferent latitudes, c) the time and the time interval during which
this opportunity was Fe I 6301). The spatial resolution wasthe magnetograms were taken. This last point is the issue be-
5.7, covering a field of view (FOV) of (5% 7°). The high- cause, although we know the starting time of the observation,
est spatial resolution magnetograms (2.8"), were obtained fhe magnetograph took more than 2 hours to scan each com-
single spots only, so we have used them to visualize some nmalete field. AR 7031 was located at SO7W06 and AR 7038 at
phological details in smaller areas of the AR, and the directi®@12W17. The magnetograph scans the field following a zig-zag
of the transverse field. path, beginning with a pixel at the North East. Taking this into
AR 7031 is mainly bipolar (see Figl 1), with a positive andccount, and considering the total duration of the scan, we can
very concentrated preceding spot and a diffuse and more estimate the time when the southwestest pixel of the northern
tended following polarity. The strongest positive longitudinakgion (AR 7031) was taken. After that, we corrected by differ-
region remained almost unchanged during these days, wiglgial rotation and we found in this way the coordinates (latitude
some new positive flux was seen emerging in the weakest fialad longitude) of the nearest pixels of both regions. As in the
region towards the East of the main spot. The negative region €ult disk KPNO magnetogram the ARs appeared isolated and
derwent several modifications. Negative magnetic flux emergaatrounded by very low field concentrations, we created a ma-
towards the South between January 28 and 29, and also towaridsvhere both ARs were placed at their “true” locations and
the East between January 29 and 30. By January 31, the negatigdilled with 0 G the pixels without measurements (K. 4d).
fluxinthe southeastern portion of the AR had started to decrease.
On the other hand, a new bipole started to emerge at the N@thThe events in the complex AR 7031 — AR 7038
of the main positive spot on the 28 and is clearly seen on the 30 i
and 31. The transverse field (see Fig. 1c) looks in general potant: An Overview

tial. However, there are two localized zones of non'negligib@oncerning the flare activity, AR 7031 was C|ear|y more im-
shear related to the events studied in this paper; these arggiant than AR 7038. AR 7031 produced 12 flares, classified
the eastern portion of the longitudinal inversion line betweegyy type C or higher in soft X-rays, between January 27 and 31,
the main positive and negative polarities and b) the longitudingdg2, and several weakest flares and subflares (Solar Geophys-
inversion line between the new bipole negative polarity and thi@y Data, SGD 575 Part Il). SXT observed almost all the flares
main pOSitive Spot. The vertical current denSity, obtained fromat occurred in this region, and the Mees CCD |mag|ng Spec-
the observed transverse field, is abdgemA /m? only at the rograph (MCCD, Penn et al. 1991) at MSO recorded their H
location named in b). At the place named in a), the tranversgission.
field is too low to obtain reliable current density measurements; The loop that connects AR 7031 and AR 7038 was bright in
in this case the presence of shear in the field is mainly indicatggk X-rays at least since its appearance on the disk, on January
by the direction of the Hi fibrils. 24, 1992. By that date no bright plage was seen indt the
location of AR 7038, while at photospheric level a bipolar flux
2.2. The combined magnetic field of AR 7031 and 7038  concentration of very low intensity was observed indicating the
growing stage of AR 7038. AR 7038 was reported as a new
We have found in the SXT largest FOV an interconnectioftive region just on January 27. From then on, the new AR
arc linking AR 7031 with another region (AR 7038) (se@tarted to flare weakly. Between January 28 and 30, 1992, AR
Sect.[3.2P). We then use the full-disk longitudinal magngo3g produced 18 subflares and am HF flare on January 29,
tograms obtained with the Vacuum Telescope at Kitt Peak Ngs:25 UT, Simultaneously, the emission of the interconnection
tional Observatory (KPNO, Livingston et al. 1976), in whichyc increased. Two sympathetic subflares occurred in AR 7031

both ARs can be observed. However, the values of the fieldjryund that time, one before (at 13:18 UT) and one after (at
regions whereB; > 1000 G are uncertain in KPNO magnetic13:28 UT) the 1F flare in AR 7038.

maps, probably due to a problem of stray light in the telescope
(Harvey J., private communication); for that reason, we have
used the MSO magnetograms in our study, although none of thé- The flares on January 30, 1992

magnetograms have both ARs in their field of view. MSO toofhe 3 most intense flares in the analyzed period were observed
a magnetogram of AR 7038 on January 30 at 21:54 UT. Ash January 30 in AR 7031, at 02:23 UT (classified 2N in H
7038 is a bipolar region smaller and with a lower intensity fieldhd M 1.6 in X-rays), 09:35 UT (classified 2B and M 4.9) and
than AR 7031. In this magnetogram we observe an importat19:35 UT (classified as 2B and M 2.4). The first two were
departure from potentiality but, as the field intensity is low, thgomologous, but the other one did not happen in the same zone
transverse field measurements are hardly above the noise leyghe AR. We describe here the evolution of these flares using
As we intend to compare the location of the interconnegxT data and 4 data from MCCD.
tion arc with the topological structures of the field (see $éct. 4), To co-align the data in different wavelengths we have used
we have to combine both ARs in the same map. To do so W@ sunspots for corregistration. SXT provided, at that time,
have to take into account: a) the relative location of the ARghite-light images through the narrow-band filter, the MCCD
(for this purpose the magnetogram of KPNO was used), b) fii€ages include both the line and the continuous flux, while
differential rotation of the Sun since both ARs were located gie magnetograph data allow us to relate higher values of the
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Fig. 2a—d. Emission in Ry for the flaresA andB on January 30, 1992.andb FlareA at 02:22 UT and at 02:37 UT, respectivedyandd Flare
B at 19:44 UT and 20:44 UT, respectively.drthe arrow points to the place where we observe thegrhission expanding towards the North
East, while inb they point to the long K loops (which extend partially out of the observed frame).

longitudinal field with white-light spots. Taking a conservativéirst localized, expands towards the North and it goes out of the
approach, we consider that the overlays among SXT, MCQWCCD field of view (see e.g. Fifl] 2a). We observe that material

and magnetic data are accuratesta- 6”. flows towards the North East starting probably at the same place
where the flare erupted. The trajectory followed by this material
321 The data in H agrees with the shape of an arcade observed in soft X-rays (see

next section). During the main phase, dark elongated loops are
The Hx data have been analyzed using mainly co-alignagen at the North of two main polarities (pointed by arrows in
movies. In Figs[2 we can seenHmages for the main flares Fig.[2b). The flare at 09:35 UT, to which from now on we will
on January 30, 1992. For comparison, the preceding spot (pesiH “A’ ", evolves in a similar way, although we don’t observe
tive) can easily be superimposed with the main positive polarifye same expansion of thexHemission.
in Fig.[dlc. The emission for the flare at 02:23 UT, to which from The two-ribbon flare at 19:35 UT, that we will calB”
now on we will call “A”, starts at the North of the precedingstarted emitting in a very elongated band, following the shape
spot over the inversion line between the small negative and pasfithe main eastern inversion line, and a shorter one, located al-
tive flux concentrations (see FIg. 1c). Almost all the flares in thisost over the positive spot (FIg. 2c). After the impulsive phase,
AR started at this place. MCCD shows some very elongated lthe eastern band widened and extended; while the western one
dark fibrils extending from East to West in the northern portioseemed to rotate counter clockwise and evolved into an elon-
of the AR prior to the flare onset. This orientation is cohereghted brightening very close to the inversion line at the North
with the observed transverse field and indicates the presencgast of the main positive polarity (Figl 2d).
magnetic shear in the AR. As the flare evolved, the emission,
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Fig. 3a—d. Soft X-ray (negative) images using the Al12 filter and the best resolution of 8#dre A’ at 09:50 UTb flareA’ as a composition
of two images recorded at 09:55 and 10:00 dTtare B at 19:47 UT;d flare B at 20:04 UT. The longitudinal magnetogram on January 30
(contours of100, 500 G) has been superimposed. In these and the following figures heliographic North is up and West is to the right.

3.2.2. The data in soft X-rays polarity (Fig[3a). As the flares evolved, the initial brightening
We have used the SXT data to investigate the morphology of { e“tted In two and we can also see a large arcade with the

hot flaring plasma. Images were taken in the four SXT filters?ame orientation of the darkcHoops, clearly connecting this

AI0.1, AMg, Al12 and Be119, listed in increasing order 0ione with the northeastern portion of the main negative polarity

: . o Fig.[3b). The difference between flakeandA’ is that inA we
energies. The response of these filters lies in the range 1-2 kca\1€ see the arcade emitting faintly, whileAnit is as bright as

During the three flares, images were taken both in flare and YIeL main flaring kernel

mode and in the three different available resolutions. Images FlareB starts with a single intense brightening at the South

s?:\‘;;’élez]bﬁ?hsgisﬁiﬁéﬁfzg dutilggr;gﬁlebrelzs(t)\r/e(z::lmioxnel(sz.%)aSt of the positive spot (Figl 3c); as the flare evolves, we ob-
pro\ y . ; P serve two nuclei (Fig:]3d) probably corresponding to the foot-
in size). In these flgures the magnetogram obtained on Janu;%}/nts of asetofloops. Fifgl 4 shows atemporal sequence of SXT
30 r_]ra;]sezi?tr;::’;e:mmggi endf.rom flarésandA is concentrated images for flard3 in the AlO.1 filter at quarter resolution (9.8").

y emissi : The total FOV is the largest provided by the SXT partial frame

in the same zone as thexbrightenings. It started on the SamZ%overing four times the smallest FOV). We see that when the

port_u?n of the Inversion line between the small ne.gawe."’.‘emission reaches its maximum another zone, where AR 7038
positive flux concentrations, at the North of the main positivé
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Fig. 4a—d.Temporary sequence of SXT images (largest FOV in Al0.1) for fBaed: 19:46 UT &), 19:50 UT ) and 20:06 UT €). The flare

appears saturated so the much fainter arc can be obsedrgetdesponds to the magnetic field model of the combined regions. Some field lines
following the shape of the interconnecting arc have been added. These lines have their footpoints at the computed QSLs (see text), which are
shown at photospheric level as thick continuous lines. The isocontour vald#saoé+100, 500 G. The box axes are labelled in Mm.

is located, emits in sympathy with AR 7031. The interconnefiux balance, periodicity of the solution in the horizontal ()
tion arc is clearly seen connecting both ARs. This arc was fdirections, proportionality between the current density and the
from being quiet, we first identify a bright loop, as shown imagnetic field (through the constant
Fig.[da at 19:46 UT. As the time proceeds, the emission seemsWe have modeled the magnetic field using as boundary con-
to bend towards the South and afterwards we can identify selition the line of sight component of the map builded combining
eral independent loops (Figl. 4b). The northwestern zone of ARth regions on January 30, 1992. In our model we take into ac-
7031, where flareA andA’ developed, was also seen emittingount the projection effects due to the location of the ARs on the
in X-rays. From this time, and until 19:56 UT, all SXT imagesolar disc, as described inehoulin et al.[(1997). Using a lin-
are saturated. In Fi@l 4c, the loop is again observed having #& force-free model for the field, we are not able to fit locally
shape it had before the flare. the transverse field measurements (the higher transverse field
regions are too localized, as mentioned in Sect. 2.1). We have
determined a global value ef by comparing computed field
4. The magnetic topology of the complex lines with the best observed SXT loops during the flares. This
AR 7031 - AR 7038 value turned out to be = 0.009 Mn1 . The model of the field is
shown in Fig[h. Notice also, that the direction of the computed
field lines at low heights agrees well with the direction of the
The photospheric longitudinal fieldB{) has been extrapo-observed transverse field. However, in order to fit the shape of
lated to the corona, under the linear force-free field assumptiy interconnection arc it was necessary to increase the value of
(V x B = B, with constanty), using the discrete fast Fouriera to 0.014 Mn1 !, The resulting model is shown in Fig. 4d. The
transform (FFT) method as proposed by Alissandrakis (198¢pronal magnetic field is most probably non-linear force free;
The main limitations of our extrapolation method are: imposed

4.1. The magnetic field model
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Fig. 5a—f. Magnetic model and topology of the magnetic field of AR 7031. We have drawn sets of computed field lines that follow the shape
of the soft X-ray loops and that have their footpoints at both sides of the QSLs, wheretbegHtenings are located.andb correspond to

flare A; while c-f correspond to flar® (see text). The magnetic field isocontours are the same as ialFig. 4. The box axes are in Mm and the
photospheric locations of QSLs are shown with thick continuous lines.
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100

therefore, this higher value ef should be related to the high
localized magnetic shear observed in AR 7038.

4.2. QSLs and their relation with the observed events 00

Following Demoulin et al[(1997), we use here the QSLMto fin
the locations of QSLs and analyze their relation to the observeu
flares. QSLs are regions where field lines initially close togeth~~
separate widely when we follow them. QSLs are defined interi
of a dimensionless functiolV, which is:

R

i=1,2

being X; = z} — zj, «} andx} the photospheric footpoints 0
of a given field line; whilex, y are the coordinates along the
photospheric plane which lies at= 0. The locations where
N(z,y) takes its highest values define the field lines involve — 100~
in the QSLs. We refer the reader tcedoulin et al.[(1996)
for a discussion of the properties 8f(z,y) and of the basic —200
characteristics of QSLs. Applications of the QSLM to differer
observed phenomena can be found in Mandrini et al. (199
Schmieder et all (1997),&noulin et al.[(1997) and Gaizauskas
et al. (1998). Fig. 6a—c. Magnetic connectivities and interacting bipolesb and
AR 7031 is essentially a bipolar region, except for the sevefé?“tline the c.onnectivities. before/after (thin/thick cpntinuous cqronal
small flux concentrations that emerged between January 29 4pgf) magnetic reconnection for flakésA’, B and the interconnecting

30; in particular the small bipole atthe North of the main positi\PerC’ res_pectlvely_._Thg numbers in the f_lgurz_as mdncate_ which are the
interacting polarities in each case. The field line sketch is drawn on the

polarity. The topology ofthe field is complex since the flux Ofth(;t:i‘hotospheric field model where we have also included the locations of

very intense preceding polarity is shared by all the surroundifg; ¢ thicker continuous lines), the convention for the field and spatial
negative fields. In Figé]5 we show the locations of the QSlgsmensions are the same as in Eiy. 5.

computed for the magnetic field model of the combined ARs.
For the sake of clearness, we have drawn in[Hig. 5a—b the QSLs
associated to the flarés-A’ (which we will call the northern
QSLs), and in Fig-lbc—d those associated to fia(gvhich we of QSLs. These field lines are formed by magnetic reconnection
will call the southern QSLs). In Fifl] 5e—f we have combineat the QSLs during flare& andA’. The magnetic connectivity,
both sets of QSLs together with a central one to where the Hefore reconnection occurs, corresponds to the link between the
emission of flareB extends during its late phase. The locatiopositive and negative field in the main large bipole and in the
of flare brightenings in H agrees with the intersection of thesmall emerging bipole (the four kinds of connectivities and the
QSLs with the photosphere for all the observed flares. two interacting bipoles are shown in F[d. 6a). Notice that the
According to the evolution of the flares described in Sect. Set of reconnected field lines (see [Elg. 5a—b) clearly follows the
we see that the magnetic structures associated to the norttsdaape of the soft X-ray arcade connecting the big preceding pos-
QSLs do not interact with the ones related to the southern QStige polarity to the northern portion of the following elongated
during flaresA andA'’; no brightenings are observed either imegative polarity (Fid.13a—b).
Ha or soft X-rays related to field lines having their footpoints at  Three bright kernels can be seen in fib. 2b, while a fourth
the southern QSLs. However, during fl&eoft X-ray emission fainter brightening is seen at the footpoints of the field lines
is observed (see Figl 4c) following the shape offield lines relattitiing the shape of the soft X-ray arcade. This very faint kernel
to the northern QSLs (see Fi@i$. 5a—b). This implies that duringn be observed only in a few images of the set corresponding
this large event energy release occurring at one site of the &Rboth flares A andA’) and it can be easily over-seen when
might induced energy release at a different one. We now disclasking at the movies. However, since it is located on the QSL
the different events in particular. lying on the following polarity, and its shape matches the shape
of that portion of the QSL, we were able to find it using the
QSL as a guide. This is not the first time that the analysis of the
topology of the magnetic field let us locate a faint brightening
The homologous flares andA’ occurred in a recurrent flaring not visible at first sight in the flare data (Bagalt al[ 1995).
place for AR 7031. In Figg]5a—b we have drawn sets of field lines Summarizing, we conclude that the emergence of the north-
with footpoints lying at both sides of the photospheric portiowestern bipole lead to the interaction between loops associated

100

4.3. Emerging bipole: flares A and A’
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to it with the northern loops belonging to the AR main bipolathen thought to be a set of reconnected loops filled by plasma,
field. This interaction was the origin éf andA’ flares. which have the same physical origin of “post” flare loops. As

it is observed for some flares, the second set of reconnected
field lines does not show up in the observations because its size
(and in particular its volume) is too large, so that the increase

FlareB is a two-ribbon event. In this case the brightenings aie plasma density (and so in emission) is too low.

located on the southern QSLs. In Figk. 5c and d we show sets

of reconnected field lines having footpoints at both sides of the

QSLs at the place of theddribbons. The topology of the field )

related to this event is typical of bipolar configurations, where Conclusion

two elongated QSLs are found; however, two sets of interactifiie aim of present study is to further quantify the energy release
field lines can be identified as in a quadrupolar fiel@i@ulin  processes involved in flares. We focus here on the understanding
et al[1996). Fid.J6b illustrates the connectivities before and @fthe link between the observed flare emissions @ratd soft

ter reconnection and indentifies the polarities of the interactifgrays) and the magnetic configuration (photospheric magne-
bipoles. We suggest that the evolution of the following polarigggrams and coronal computed field) in two interacting active
(compare Figllb—c) induces the interaction between the maggions (ARs 7031 and 7038), observed on January 1992. Previ-
netic structures associated to the southern QSLs. Energy releagestudies of several flares (see references in the Introduction)
occurring atthe QSLs is the origin of flaBe As the flare evolves haye shown that energy release occurs at the location of quasi-
(see Figsi12c—d), the ribbons expand but they still lie close dgparatrice layers (QSLs) in different kinds of magnetic config-
QSLs. Notice that the originally more concentrated ribbon eyrations. In this work we confirm these results with additional
tends towards a portion of a different QSL at the North duringkamples. Within the spatial resolution of the observations and
the gradual phase of the flare (see Elg. 5e—f). This implies th@é limit of the magnetic field model we have found that flare
close by magnetic structures become involved in the energy gy kernels and soft X-ray brightenings lie in the close vicinity

4.4, Bipolar configuration: flare B

lease process as discussed in Séct. 5. of the computed QSLs (see F[d. 5). For all flares, as well as
for a soft X-ray arc linking the two ARs, we are able to iden-
4.5. Interaction between ARs: interconnecting arc tify the two magnetic bipoles which interact and the magnetic

) ) ) ) connectivies before and after reconnection (see[Fig. 6). Only

field lines, issued from some of the QSLs lying on the main pogince pre-reconnected loops are not dense enough. During re-
itive polarity, extend towards AR 7038. These field lines matynnection, the energy released is enough to evaporate locally
the shape of the arc, as observed during the occurrence of fiage top of the chromosphere and so, the emission of the re-
B, and have their opposite footpoints at the QSLs located on {hnected loops is strongly enhanced. We observe such pairs of
negative polarity in AR 7038. These results let us conclude thakay |oops in the three flare events. We then extend our conclu-
energy release at the QSLs, associated with AR 7031, produg@s to the plausible origin of flares and of the interconnecting
the enhancement of the interconnection arc and may induce € as summarised below.
occurrence of flares in AR 7038 (see Sect. 3.1). The computation of QSLs in the extrapolated field from a
Whatis the physical origin of the interconnecting arc ? Congiyen magnetogram allows us to find the possible places of re-
pared to flaresA, A’ and B, the observations of the arc arggnnection in the magnetic configuration as we have shown for
much less proving since the changes induced in the atmosphg{icfiares in AR 7031 (Fifl] 5a—d). However, the computation of
plasma after energy release are less evident (e.g. no signifigaBimagnetic topology at a given time cannot precise which por-
Ha brightenings and a low soft X-ray emissivity). Nevertherons ofthe QSLs are, or will be, involved in reconnection. These
less, the topology shown in Figl 4d, together with the theorggcations are indeed determined by the evolution of the magnetic
ical knowledge of the magnetohydrodynamic evolution of tWepnfiguration; that is to say, the evolution determines basically
interacting bipoles, let us propose the following scenario. Firgjnere the stronger current layers are formed and where the free
free magnetic energy is present in both regions, as indicatedhgnetic energy is located. We have so far found two different
the transverse magnetic field, and also probably a current layg{ds of magnetic field evolutions in flaring regions: emergence
develops between the two ARs (formed by the interaction of the ey field (e.g. Mandrini et al. 1996) and photospheric hori-
two initially independent configurations represented in[Hig. 6¢ntal displacements of magnetic polarities (e.g. Gaizauskas et
by the two thin lines). The relative slow evolution of the ARg| 1998). Both cases are present in AR 7031: flux emergence
(in particular the rotation of AR 7038) is expected to inducey flaresA andA’ and photospheric flux displacements for flare
low reconnection rate between sets of loops belonging to theglyespectively. The presence of a long-duration faint soft X-ray
This is probably the origin of the weak interconnecting arc segp: petween AR 7031 and AR 7038 belongs to the second kind:
before flareB. During flareB, fast modifications in the field of econnection between magnetic loops belonging to the two ARs
AR 7031 induce a higher reconnection rate. In both cases, kqriven mainly by the long term rotation (of at least a week) of
connection is forced by the magnetic evolution of the individualr 7038. This region emerged in a North-South direction, and
ARs. The multi-loop system forming the interconnecting arc igtated in such a way to adopt the Hale orientation correspond-
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ing to the southern hemisphere for cycle 22 (see SGD 571 PartC.H.M. and M.G.R. are members of tGarrera del Investigador
). Cienffico, CONICET.
A third possibility to drive magnetic reconnection is an
evolution of the. magnetic cpnfiguration as a result of anoth8gterences
nearby magnetic reconnection process. Indeed, three “sympa-
thetic” flaring processes were observed associated to BareAlissandrakis C.E., 1981, A&A 100, 197
First, the initial energy release in flakeis associated to a setBagad L.G., Mandrini C.H., Rovira M.G., et al., 1995, Solar Phys.
of QSLs (Fig[hc, d), then it stimulates energy release in nearh 161, 103 . . .
QSLs: the eastern elongated ribbon extends North and the wedgSe R-C., Krieger A.S., Svestka Z., Vaiana G.S., 1976, Space Sci.

. - Rev. 16, 917
ern ribbon shifts North to the nearby QSL (Fig. 5e, f). Secong,e Jager C., Svestka Z., 1985, Solar Phys. 100, 435

flare B stimulated energy release at the QSLs of the mornifggyoylin p., Hnoux J.C., Priest E.R., Mandrini C.H., 1996, A&A
flares @, A"). Finally, flareB, which is located in the magnetic 303, 643
configuration of AR 7031, stimulated magnetic reconnectigfemoulin P., Bagd L.G., Mandrini C.H., et al., 1997, A&A 325, 305
between the two ARs (7031 and 7038), forming a brighter s@tnnis B.R., Holman G.D., Hudson H.S., et al., 1994, Proc. of Kofu
X-ray interconnecting arc. Symposium, NRO Report No. 360, 217
This study indicates also that a probable origin of observ&armk F., Svestka Z., 1986, Solar Phys. 104, 321
soft X-ray interconnecting arcs between ARs can be a longamik F., Svestka Z., Karlick M., Hudson H., 1999, Proc. SOHO 8
term magnetic reconnection process. AR 7038 emerged near\/_Vorksho_p, Plasma Dynamics and Diagnostics in the Solar Transi-
AR 7031 in such a way that the positive polarities of both ARg flon Region and Corona. ESA SP-446, 305
were close by. As AR 7038 turned towards the Hale orient ?'Z;%Skas’ V-, Mandrini, C.H..@noulin, P, etal,, 1998, A&A 332,
tion, the magnetic pqnneptivity between the'ARs became MOIE 2ok Y., 1996, Solar Phys. 165, 275
favourable since thisimplies a lower energetic field; then, the 1qs i i | yokoyama T., Kosugi T., Shibata K., 1998, ApJ 500, 492
tation of AR 7038 leads to a progressive reconnection betwaggward R., Svestka Z., 1977, Solar Phys. 54, 65
the magnetic configurations of the two ARs. This is the origin @hodachenko M.L., Zaitsev V.V., 1998, Astron. Reports 42, 265
the weak soft X-ray arc observed since January 24, 1992. Wheingston W.C., Harvey J., Slaughter C., Trumbo D., 1976, Applied
flare B occured, it stimulated reconnection forming a brighter Optics 15, 40
soft X-rays arc (see above). In the case of the arc, we were bit-Yang, Akioka M., Yan Y., Sato J., 1998, Solar Phys. 180, 377
able to find in X-rays the other reconnected loop, both becad4andrini, C.H., Bemoulin, P., van Driel-Gesztelyi, L., et al., 1996,
the event is weak and because such a loop is expected to be very°lar Phys. 168, 115 )
extended:; these two reasons contribute to a low plasma dengﬁ‘}?zdzrgn' C.H.,CemoulinP., BagdlL.G., etal., 1997, Solar Phys. 174,
sotoalow X-ray enhanceme.nt. . . Manoharan P.K., van Driel-Gesztelyi L., Pick M.éBoulin P., 1996,
Then, the present analysis confirms previous results which ApJ 468, L73
conclude that QSLs are the places where magnetic reconn@fkey D.L., 1985, Solar Phys. 97, 223

tion can occur. Which of the many QSLs that are present ingaki M., Sato T., Hayashi T., etal., 1997, ApJ 481, 524
configuration will be the site of magnetic reconnection depengdgnn M.J., Mickey, D.L., Canfield, R.C., Labonte B.J., 1991, Solar
strongly onthe magnetic field evolution. In the analysed regions, Phys. 135, 163

three drivers are present at different locations: flux emergenBeytsov A.A., Canfield R.C., McClymont A.N., 1996, AAS Meeting
photospheric motions and sympathetic flaring. We find that the 188, 35.03.

same process, magnetic reconnection, is at the origin of flarfigfetto G., Gary G.A,, Machado M.E., 1993, Solar Phys. 144, 113

inside one AR and of the formation of the interconnecting af¢'est E-R., Forbes T., 1989, Solar Phys. 119, 211
between the two ARS. Priest E.R., EBmoulin P., 1995, JGR 100, A12, 23443
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