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Abstract The aim of this paper is to look at the magnetic helicity structure of an emerg-
ing active region and show that both emergence and flaring signatures are consistent with
a same sign for magnetic helicity. We present a multiwavelength analysis of an M 1.6 flare
occurring in the NOAA active region 10365 on 27 May 2003, in which a large new bipole
emerges in a decaying active region. The diverging flow pattern and the “tongue” shape of
the magnetic field in the photosphere with elongated polarities are highly suggestive of the
emergence of a twisted flux tube. The orientation of these tongues indicates the emergence
of a flux tube with a right-hand twist (i.e., positive magnetic helicity). The flare signatures
in the chromosphere are ribbons observed in Ha by the MSDP spectrograph in the Meudon
solar tower and in 1600 A by TRACE. These ribbons have a J shape and are shifted along the
inversion line. The pattern of these ribbons suggests that the flare was triggered by magnetic
reconnection at coronal heights below a twisted flux tube of positive helicity, corresponding
to that of the observed emergence. It is the first time that such a consistency between the
signatures of the emerging flux through the photosphere and flare ribbons has been clearly
identified in observations. Another type of ribbons observed during the flare at the periphery
of the active region by the MSDP and SOHO/EIT is related to the existence of a null point,
which is found high in the corona in a potential field extrapolation. We discuss the inter-
pretation of these secondary brightenings in terms of the “breakout” model and in terms of
plasma compression/heating within large-scale separatrices.
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1. Introduction

It is believed that flare energy originates from the free energy stored in nonpotential magnetic
structures. Magnetic reconnection is considered to play an important role in the sudden
release of energy in solar flares. Several conditions — such as flux emergence, high magnetic
field gradient, and flux cancellation — are commonly found near flare locations.

Magnetic complexity plays an important role in strong solar activity, as studied by many
authors (i.e., Schmieder and van Driel-Gesztelyi, 2005; Sammis, Tang, and Zirin, 2000;
Antiochos, DeVore, and Klimchuk, 1999). The magnetic complexity is commonly due to
slow or fast evolution of the magnetic configuration. Shear and flux emergence are respon-
sible for such changes in the magnetic field. Hagyard, Venkatakrishnan, and Smith (1990)
have shown that the magnetic field in flaring locations is strongly sheared. Large-scale shear
in the magnetic field can be built up through the slow motion of footpoints stretching the
length of loops. This evolution can progress through stable field configurations (Roudier
et al., 2008). However, magnetic shear alone is not a sufficient condition. Flux emergence
has long been considered as an important condition to trigger solar flares (Heyvaerts, Priest,
and Rust, 1977; Martin et al., 1982; Shibata, Nozawa, and Matsumoto, 1992; Schmieder
et al., 1994; Choudhary, Ambastha, and Ai, 1998; Chen and Shibata, 2000; Zhang, Zhang,
and Zhang, 2008; and references therein). A new magnetic flux tube emerges from below
the photosphere and interacts with the pre-existing flux tubes. Reconnection occurs in the
current sheet, which forms between the old and new fluxes (Heyvaerts, Priest, and Rust,
1977). The magnetic flux may emerge already twisted (Leka et al., 1996). Subphotospheric
motions are the drivers of free energy storage and the emerging flux provides the trigger
mechanism for impulsive energy release (Zhao and Kosovichev, 2004; Mason et al., 2006).

Magnetic helicity is a parameter indicating the degree of twist and writhe in an active re-
gion (see the reviews by Démoulin, 2007; Démoulin and Pariat, 2009). The helicity pattern
of the Sun has characteristic features governed by a hemispheric rule, with positive (nega-
tive) magnetic helicity being common in the south (north) hemisphere. Pevtsov (2002) sum-
marized the different possible signatures of magnetic helicity observed on the Sun: sunspot
whorls, filament chirality, sigmoids, and flare ribbons. Appearance of magnetic “tongues” in
an emerging active region as first discussed by Lépez Fuentes ef al. (2000) is an important
signature, revealing information on the helicity sign of the active region. We will use these
proxies to derive the magnetic helicity of our active region. Sometimes there are mixed mag-
netic helicity zones in the active region. Therefore it is not always necessary for the helicity
sign to be the same in all the observational features (Green et al., 2007; Chandra et al., 2009).

The analysis of magnetic topology of an active region gives us information on possible
locations of magnetic reconnection: null points (locations where magnetic field vanishes),
separatrices (which separate different connectivity domains), quasi-separatrix layers (QSLs)
(regions where there is a drastic change in field line linkage). QSLs are a generalization of
the concept proposed by Priest and Démoulin (1995) and applied to the modeling of J-
shaped two-ribbon flares by Démoulin, Priest, and Lonie (1996).

In this paper, we study the evolution and magnetic configuration of the M1.6 flare that
occurred in NOAA active region (AR) 10365 on 27 May 2003, using multiwavelength obser-
vations. We present the instrumentation and observations in Section 2. Section 3 describes
the evolution of the magnetic field in the active region. The description of the flare at differ-
ent wavelengths is presented in Section 4. In Section 5 we explain the relationship between
the magnetic helicity of the twisted emerging flux tube and the magnetic reconnection lead-
ing to the M1.6 flare with J-shaped main ribbons. In Section 6, we show the results of a
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linear force-free field (1fff) model of the large-scale active region configuration and provide
an interpretation for the presence of semicircular brightenings (secondary ribbons) in its pe-
riphery. We finally conclude that it is the first time that signatures of magnetic helicity in the
photosphere (presence of tongues in longitudinal magnetic field maps), in the chromosphere
(J-shaped ribbons), and in the corona (hard X-ray sources) are shown in combination and
found to be consistent.

2. Instrumentation and Observations

The M1.6 flare occurring in NOAA AR 10365 located SO8°W10° on 27 May 2003 was
the target of an international campaign. This flare is associated with a coronal mass ejection
(CME) observed by the Large Angle Spectroscopic Coronagraph (LASCO; Brueckner et al.,
1995) at 06:50 UT. The complex morphology of the ribbons observed at the Meudon solar
tower was intriguing and initiated this study.

Figure 1 shows the temporal evolution of the flare observed by GOES 12. The eruption
onset starts at 05:40 UT with a flux of 3.5 x 107® Wm™2. The maximum flux is reached
around 06:15 UT with a value in X rays (1-8 A) of 1.6 x 107> Wm™2. This is a long-
duration event that ended around 10:00 UT.

Figure 2 presents the temporal evolution of the flare in hard X rays (HXR) observed by
the Reuven Ramaty High-Energy Solar Spectroscopic Imager (RHESSI). The time profiles
show that the X-ray emissions above 25 keV are very low. The time profiles indicate that
the thermal component is dominant in the flare. The two low-energy band emissions slightly
increase after 05:40 UT until 06:15 UT, with an impulsive event at 06:04 UT detectable in
the higher energy band (25-50 keV).

In this study, we use data from the Solar and Heliospheric Observatory Michelson
Doppler Imager (SOHO/MDI) (with a time cadence of 96 minutes and a pixel size of 1.98”;
Scherrer et al., 1995) and EIT (with a time cadence of 12 minutes to 6 hours and a pixel
size of 2.5”; Delaboudiniere et al., 1995), from the Transition Region and Coronal Explorer
(TRACE) 1600 A (with a time cadence of 6 minutes and a pixel size of 0.5”, Handy et al.,
1999); and from RHESSI (Lin et al., 2002) as well as the Multi channel Subtractive Double
Pass spectrograph (MSDP) of the Meudon solar tower.

The M 1.6 flare has been observed in the Ha line (6563 10\) with the MSDP. The entrance
slit of the spectrograph covers an elementary field of view of 72” x 465" with a pixel size
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of 0.5”. The final field of view of the images is 295" x 460”. The exposure time is 40 ms.
We obtained consecutive sequences of five images with a cadence of 1 minute. Using the
MSDP technique (Mein, 1977, 1991) the field of view is recorded simultaneously in nine
different wavelength intervals around Ha line center, separated by 0.3 A. Interpolating with
spline functions the observed intensity in these images, we are able to construct Ha profiles
in each point of the observed field of view. A mean or the reference disk profile is obtained
by averaging over a quiet region on the disk (flat-field sequence).

3. Evolution of the Photospheric Magnetic Configuration
3.1. Global Pattern of the Emerging Flux

To understand the cause of the flare, we need to study the magnetic configuration of the
active region. Using MDI magnetograms we were able to follow its evolution during several
days in May of 2003 (Figure 3). On 24 May, this region had a weak-field bipolar con-
figuration with a leading negative polarity and a diffuse following positive polarity. This
corresponds to a decaying active region.

The emergence of a new bipole with a high-intensity field occurred between 24 and 25
May and was well visible inside the positive-polarity area in the magnetograms of 25 May;
the bipole had a north—south orientation (with negative polarity in the north and positive
polarity in the south). Because of this continuous emergence of flux in the north part of the
active region, the magnitude of the positive field increased; this positive region progressively
surrounded the new emergent negative flux, creating a §-spot configuration. The active re-
gion polarities rotated anticlockwise. The rotation of the magnetic inversion line from 25
to 27 May was measured as 25°. To draw the magnetic inversion line on the SOHO/MDI
magnetograms, we plot the simplified contour of zero magnetic field strength. Afterward,
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Figure 3 Evolution of the magnetic field of NOAA AR 10365. Magnetograms from 24 May 2003 to 27 May
2003 show the emergence of high-intensity flux. The contour over the magnetogram of 27 May 2003 shows
the two magnetic tongues. The field of view of the images is 300” x 250”. North is up and west is to the
right.

Figure 4 SOHO/MDI magnetogram of the active on 27 May 2003 at two selected times. The polarities
associated with the motions described in the text are shown by arrows (P1, P2, P3, P4, P5: positive polarity;
N1, N2, N3: negative polarity). The field of view of the images is 160" x 160”. North is up and west is to the
right.

we measure the change in angle of the magnetic inversion line between 25 May 2003 (06:26
UT) and 27 May 2003 (06:23 UT).

The emergence of the new magnetic flux is a long-term process. Looking at Figure 3,
between 25 and 27 May, we see that the longitudinal magnetic field pattern of the emerging
bipole is characterized by the existence of two elongated areas of opposite polarity labeled
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Table 1 Movements of selected

positive (P) and negative (N) Sunspot Direction Velocity (kms™ 1y
polarities.

P1 Northwest 0.18

P2 Northwest 0.18

P3 Northwest 0.07

P4 Northwest 0.14

P5 South 0.24

N1 West 0.12

N2 West 0.10

N3 South 0.22

N1, N2, and N3 (negative polarities) and P1, P2, and P3 (positive polarities). These two
areas are shifted from one another along the inversion line [Figure 5(a)]. This typical pattern
can be explained as follows. The series of magnetograms shows the classical appearance of
a bipole followed by the separation of the two opposite magnetic polarities as observed for
the emergence of a twisted €2 loop [Figure 5(b)]. An asymmetry appears in the magnetogram
during the emergence of the apex of the loop because of the contribution of the azimuthal
component of the emerging twisted flux tube to the observed vertical component of the
photospheric field. This azimuthal component produces two elongated polarities — so-called
tongues. The extension of these tongues is directly proportional to the magnitude of the twist
and their position depends on the sign (positive twist in our case). The tongues are present
only when the apex of the flux tube is crossing the photosphere during flux emergence. The
positive (negative) polarity is elongated toward the west (east) with tongues. This pattern is
a characteristic feature of a long-term twisted emerging flux tube as first described by Lépez
Fuentes et al. (2000) (see their Figure 5).

According to the geometry of the tongues, we conclude that the emerging flux tube has a
right-hand twist corresponding to positive magnetic helicity (Lépez Fuentes et al., 2000).

3.2. Flow Pattern of the Polarities

We measure the speed of some selected positive (P1—P5) and negative (N1-N3) spots,
which show large displacements (Figure 4). For the measurement of the location of the
magnetic polarities on magnetograms we manually track the center of each polarity. Based
on the magnetograms at 04:50 UT and at 22:23 UT on 27 May, we calculate the velocity
and direction of the selected spots and report them in Table 1. From these measurements we
see that the positive polarities P1, P2, P3, and P4 are moving toward the northwest, while
polarity PS5 is moving toward the south. The negative-polarity spots (i.e., N1 and N2) are
moving toward the west, while the spot N3 is going south. The velocities of these spots
range from 0.07 to 0.24 kms™!.

These velocities are in agreement with the local correlation tracking (LCT) analysis done
by Chae, Moon, and Park (2004). The photospheric motions of these emerging spots lead
to a large diverging and shearing flow pattern of the magnetic field, inducing a nonpoten-
tial configuration along the magnetic inversion line. The resulting magnetic shear plays an
important role in the onset of the flare.
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Figure 5 Sketch of the (a)
signatures of positive magnetic
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Figure 6 (a) Ha line-center images of the flare observed with the MSDP spectrograph of Meudon solar
tower at 06:09 UT (field of view = 456" x 290”) and enlarged view of J-shaped ribbons in (b) Ha line center
and (c) TRACE (1600 A) (field of view = 160" x 120""). The TRACE 1600 A image is overlaid by RHESSI
contours (red contour: 6—12 keV and yellow contour: 25—50 keV; contour levels: 50%, 70%, and 90% of

the peak intensity) at 06:04 UT. North is up and west is to the right.
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4. Description of the Flare

The flare was observed in Ho and in 1600 A by TRACE, presenting J-shaped ribbons in the
central part of the active region and secondary arc-shaped brightenings at the periphery of
the active region, as described in Section 6.

4.1. Main J-Shaped Ribbons

The flare was observed between 06:09 and 06:52 UT in Ha with the MSDP in the solar tower
of Meudon. We follow the evolution of the chromospheric ribbons in Ha. In Figure 6 we
show the Ha reconstructed images in the line center, indicating the different flare ribbons.
The two main flare ribbons are J shaped. We distinguish four very bright ribbons (R1 to R4)
and three dimmer secondary ribbons (R’1 to R’3). R2 and R3 are parts of the same ribbon
though not formed exactly at the same time. The pairs of ribbons R1, R2 and R3, R4 are part
of the main flare; they are located nonsymmetrically at both sides of the inversion line. At
06:15 UT, the peak time of the flaring event, some brightenings propagated along the flare
ribbons. Such a propagation has been noticed in previous flares (Berlicki et al., 2004) and
may be explained by a slipping reconnection mechanism (Aulanier et al., 2007).

TRACE observed the central part of the flare in 1600 A with a cadence of 6 minutes.
This allows us to identify the central J-shaped ribbons, which were very similar to those
seen in Ho.. An enlarged view of the two J-shaped ribbons seen in Ha and TRACE 1600 A
is presented in Figures 6(b) and 6(c). We shall discuss the J-shaped ribbons in the context of
emerging twisted flux in Section 5.

4.2. RHESSI Images and Spatial Correlation of Ha, TRACE, and HXR Sources

In this section we present the RHESSI images and the co-alignment of Hoa, RHESSI, and
TRACE 1600 A sources and the MDI magnetogram.

The co-alignment of RHESSI and MDI data was done by referring the relative position
of the solar disk center of each field of view. As for the Ha and TRACE (1600 A) data, we
compare these images with white-light images of SOHO/MDI.

We reconstructed RHESSI images in 612, 15-20, and 25-50 keV energy channels
from collimators (4F to 9F) using the CLEAN algorithm (Hurford ef al., 2002), which gives
a spatial resolution of about 12 arcsec. The locations of RHESST HXR sources in 6 — 12 and
25-50 keV overlaid on TRACE 1600 A are shown in Figure 6(b).

At 06:04 UT RHESSI observed two nonthermal X-ray footpoint sources in the 25—
50 keV energy band, located over the main J-shaped ribbons anchored in the positive and
negative polarities [cf. Figure 6(b) and Figure 7]. The 6—12 keV source corresponds to a
loop-top source, which looks shifted toward the south. This may be due to projection ef-
fects. During the flare peak time (06:15 UT) RHESSI also observed two HXR sources (15—
20 keV), one located at the same place as one of the previous sources (and thus it could be a
recurrent phenomenon) and the other located in the east part of the region. The new source
on the left was related to the brightening of ribbons R1 and R2 at 06:15 UT.

There are several different models for the acceleration of the nonthermal electrons re-
sponsible for HXR emission in the 25— 50 keV range. The reconnection mechanism is com-
monly proposed. Other models include an electric field being generated in a reconnection
region or in shocks or turbulence. Following acceleration, electrons precipitate along the
magnetic field to denser layers of the atmosphere. Electron energy loss in the chromosphere
from Coulomb collisions leads to heating, causing evaporation along the loops, whereas
electron-ion bremsstrahlung leads to HXR emission.
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Figure 7 Co-alignment of the (a) Ha and (b) TRACE 1600 A ribbons with the SOHO/MDI magne-
togram, MDI magnetogram overlaid by RHESSI contours (red: 612 keV, yellow: 25-50 keV, and cyan:
15-20keV) during the flare (c) impulsive (06:04 UT) and (d) maximum phase (06:15 UT); contour levels are
50%, 70%, and 90% of the peak intensity. The bottom panels show SOHO/EIT images (e) before and (f) after
the flare onset in 195 A. The images are overlaid by MDI magnetogram contours (solid line: positive polarity,
dotted line: negative polarity, with contour levels of £ 100, £ 1000, & 1500 gauss). The loops connecting a
secondary ribbon to the main flare ribbon are represented by L1 and L'1 respectively. North is up and west is
to the right.

Figure 7 shows the result of the co-alignment of Ha, TRACE 1600 A, and RHESSI
HXR 15-20 keV sources with MDI magnetograms. From these figures, we can infer that
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Figure 8 (a) SOHO/EIT 195 A (07:13:30 UT), (b) SOHO/EIT 304 A (07:19:17 UT), and (c) Ha (06:15
UT) images overlaid by magnetic field lines resulting from a potential field extrapolation. (d) SOHO/MDI
magnetogram at 06:24:11 UT and 3D view of magnetic field lines computed from a potential field model.
The location of a null point is shown by an arrow in (a).

a strong shear is present in the flare region since the ribbon pairs R1 —R2 and R3-R4
are located two-by-two in zones of opposite polarity in a nonsymmetric way. The loops
associated with these ribbons are not in a potential state; otherwise their footpoints would
be located symmetrically at both sides of the magnetic inversion line. The co-alignment
permits us to explain the position of the ribbons, their shape, and also how their propagation
is stopped where the plages have different polarities.

5. Magnetic Helicity of the Emerging Flux and Flare Ribbons

The magnetic helicity is a topological quantity that measures the torsion, the shear, and
the twist of magnetic field lines in a given volume (Berger, 1984). Its definition is H =
J A -Bdx, where A is the potential vector of the magnetic field B.

The magnetic helicity injection has been computed for different regions by Chae, Moon,
and Park (2004) and Pariat et al. (2006) using different methods. Recently, LaBonte, Geor-
goulis, and Rust (2007) carried out a statistical study relating the occurrence of big flares
and found that the big flares are associated with high helicity flux. Chae, Moon, and Park
(2004) present a detailed study of the rate of helicity injection in AR 10365 during its pas-
sage across the solar disk. The magnetic helicity of our region is found to be positive. The
rate of helicity injection peaked on 27 May 2003, during the main activity of the active re-
gion, with the value 2.5 x10*' Mx? per hour. This is strong evidence that the emergence of
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magnetic flux is an efficient process for magnetic helicity injection. The CME observed at
06:50 UT associated with this M 1.6 flare very probably ejects part of this injected helicity
into the heliosphere.

In Section 3 we described in detail the emerging region. The diverging flow pattern of the
emerging flux (NW for B, < 0 and SE for B, < 0, where B, is the normal component of the
magnetic field) and the shape of the B, patterns (especially in the B, > 0 region) are both
highly suggestive of magnetic “tongues” (Figure 5). The observed longitudinal magnetic
field is approximately B, because the region is close to the disk center. “Tongues” with such
an orientation and evolution indicate the emergence of a flux tube with right-hand twist, that
is, positive magnetic helicity, H > 0 (Lépez Fuentes et al., 2000). This sign corresponds
to the hemispheric helicity rule discussed by Pevtsov, Canfield, and Metcalf (1995), who
found that ~70% of southern active regions have H > 0, as the region studied by us.

In Section 4, we showed the flare ribbons observed in Ho and in 1600 A. In the central
part of the region we distinguish two main forward J-shaped ribbons (Figure 5). Such a be-
havior has been already observed by Moore, Larosa, and Orwig (1995) and interpreted by
Démoulin, Priest, and Lonie (1996). Using the concept of QSLs in 3D magnetic configura-
tions, Démoulin ef al. (1996, 1997) have shown that the intersection of QSLs with the chro-
mosphere determines elongated regions that match the shape of flare ribbons. In Démoulin,
Priest, and Lonie (1996), it was shown that QSLs computed in a bipolar configuration have a
J shape at the chromosphere. The forward J-/reverse J-shaped ribbons indicate that the flare
is triggered by coronal reconnection below a twisted flux tube of positive/negative helicity
(Démoulin, Priest, and Lonie, 1996; Williams et al., 2005). In our case of forward J-shaped
ribbons, the twisted flux tube should have a positive helicity. Note that this QSL interpreta-
tion is also consistent with the propagation of brightenings (see Section 4.1), in the frame of
slipping or slip-running reconnection (Aulanier et al., 2007).

For the same event we find a good agreement between the magnetic helicity sign of the
emerging flux and the signatures of reconnection in the corona (Figure 5). This kind of
association was never shown before in a targeted study of a particular region. Williams et al.
(2005) analyzed the eruption of a kink-unstable filament accompanied by a flare having
J-shaped ribbons but did not describe the emergence phase of the region. The “tongue”
phenomena has only been described in a few papers (Li et al., 2007, Green et al., 2007), but
it has not been associated with flare signatures.

6. Large-Scale Magnetic Field Configuration

At the periphery of the active region 10365, secondary arc-shaped brightenings are observed
at the beginning of the main flare on 27 May 2003. These secondary ribbons are visible in
Ha (R’1, R’3 in Figure 6) and in EUV (SOHO/EIT in Figure 7)

At the periphery of the active region, we observe loops in 195 A connecting these sec-
ondary ribbons with the central part of the region and it is clear that they changed their
directions during the flare [see the direction of loop L1 before the flare and the direction
of loop L1 after the flare; Figures 7(e) and 7(f)]. The secondary ribbons do not belong to
the main flare; they correspond to the loops connecting relatively stable polarities of the
network.

NOAA AR 10365 is highly sheared close to the main inversion magnetic line. However,
at large scales in the active region we infer that the corona is in a near-potential state, as is
frequently observed far from magnetic inversion lines (Schmieder et al., 1996).

The Ha and EUV secondary ribbons can be interpreted by means of a topological analy-
sis of the coronal magnetic field above NOAA AR 10365 calculated from a Ifff model
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V x B = «oB. For simplicity, we used a potential field model, with o« = 0. This approxima-
tion is justified since we are dealing with fields that are far from the main current-carrying
emerging and erupting twisted fields; the latter cannot be modeled in this approximation.
Therefore we do not model the J-shaped ribbons.

Magnetic extrapolations in a potential configuration show the existence of null points,
separatrices, and larger quasi-separatrix layers at high altitudes that could be responsible
for the brightening of the secondary ribbons (Priest and Démoulin, 1995; Démoulin, Priest,
and Lonie, 1996; Démoulin et al., 1997). The Ilfff extrapolation method is the one used
in the FRench Online MAGnetic Extrapolations (FROMAGE) database. It is based on the
decomposition of the observed longitudinal field (z = 0) into harmonics using the discrete
fast Fourier transform. The method was first described by Alissandrakis (1981).

Figure 8 presents the results of the extrapolation overlying the EIT 195 A image at
07:13:30 UT, the EIT 304 A image at 06:24:11 UT, and the MSDP Ha image at 06:15 UT.
All are co-aligned with the MDI magnetogram at 06:34:11 UT. The last panel represents a
3D view of the extrapolated magnetic field lines in a box smaller than the computation box,
to see better the connectivities. Note that the magnetic field lines drawn in red in the central
part of the region are not reliable, since this area is strongly sheared by the rotating emerging
flux and the potential approximation is not appropriate, as we have already mentioned.

The magnetic field lines joining places out of the active region are drawn in yellow.
These field lines are rather arbitrary because of the effects of the periodicity of the method
and because of the negative flux imbalance within the active region.

The green/dark blue lines correspond to loops connecting the secondary ribbon R'1/R’3
to the eruptive area in the center of the active region. Though these loops not observed, we
consider that these large-scale and weakly sheared loops must exist because of the presence
of the secondary ribbons. The light blue lines are associated with ribbon R"2.

The results of the potential field extrapolation are as follows. The ribbons R'1 and R’3
visible in the EIT images and in Ho (MSDP) are well explained using this approach. The
lines ending in these positive polarities and going toward the periphery of the region map
well to the loops directed toward the west and the south in the images of EIT/171 A [see
Figures 7(e) and 7(f) and 8(a) and 8(b)].

The pattern of field lines linked to R’2 indicates that this zone is more eruptive than we
expected because numerous field lines connect to the main flare ribbons. Some blue lines
are also linked to a small bright plage.

The overlying field lines indicate the possibility of the existence of a null point where
some high-altitude coronal reconnection could have occurred, that is, in the zone between
the red, dark blue, and the yellow lines in the north of the active region (Figure 8, arrow).
Indeed, the co-alignment with the Ho MSDP image shows that the secondary ribbons are
located at the footpoints of the lines that come from this zone. Different scenarios could
explain the triggering of this high-altitude reconnection and its manifestation as secondary
remote ribbons. In case of a pre-brightening of the secondary ribbons before the flare, we
could infer that we see a signature of the breakout model (Antiochos, DeVore, and Klim-
chuk, 1999) as observed in some events (Aulanier et al., 2000; Mandrini et al., 2006). In the
case of brightenings occurring at the same time as the flare, these could be a remnant of an
arc-shaped Moreton wave or EIT wave around the active region (Moreton, 1960; Thompson
et al., 1998). The brightenings observed in our case seem to be only the stationary part of
the EIT waves that Delannée, Hochedez, and Aulanier (2007) explained by Joule heating at
the sites of QSLs. Balasubramaniam et al. (2005) described the Sequential Chromospheric
Brightenings (SCB) that appear to be different from the Moreton/EIT waves. They explained
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these SCB as the footpoints of field lines that extend into the corona, where they are ener-
gized in sequence by magnetic reconnection as coronal fields tear from the chromosphere
during the eruption.

7. Conclusion

We studied the M 1.6 flare of 27 May 2003 occurring in the magnetically complex NOAA
AR 10365. We used multiwavelength observations, which include different instruments:
the MSDP operating in the Meudon solar tower, RHESSI, TRACE, SOHO/EIT, and
SOHO/MDI.

The evolution of the photospheric magnetic configuration shows that NOAA AR 10365
is characterized by the emergence of a large, twisted magnetic flux tube. As the twisted flux
is rising, diverging flows lead to a peculiar pattern of photospheric longitudinal magnetic
field. The elongated polarities, positive and negative, indicate the emergence of a right-hand
twisted flux tube, exhibiting two elongated “tongues” (Lopez Fuentes et al., 2000). This
implies an increase of positive helicity, as also shown by Chae, Moon, and Park (2004).

In Ho as well as in TRACE 1600 A we observe a double J-shaped flare ribbons distri-
bution. This corresponds to a positive magnetic helicity signature. The asymmetric sheared
distribution of the nonthermal HXR sources observed by RHESSI in the 25 —50 keV range
also confirms this result. It is the first time that we have been able to find circumstantial
evidence for the same sign of helicity in the flux emergence and the eruption signatures,
although it has already been predicted that sunspot whorls, tongues, J-shaped ribbons, or
sigmoids are signatures of magnetic helicity of the same sign according to their shape (see
the review by Démoulin and Pariat, 2009).

Regarding secondary arc-shaped ribbons, observed at the periphery of the active region,
we are able to correlate them with separatrices found in potential field extrapolation using
the code from the database FROMAGE.

Two scenarios are possible for explaining the brightenings of the secondary ribbons: a
breakout of the overlying magnetic field lines before the main flare, as Antiochos, DeVore,
and Klimchuk (1999) proposed, and/or some compression and ohmic dissipation produced
in separatrices during the flare, as proposed by Delannée, Hochedez, and Aulanier (2007)
to explain the components of Moreton/EUV waves. Unfortunately, the lack of high-cadence
observations with SOHO/EIT and the limited field of view of TRACE do not allow us to
conclude whether either scenario indeed applies here. Future high-cadence and full-disk
EUYV images from the upcoming SDO mission should be well suited to address this issue.
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