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ABSTRACT

We present simultaneous photospheric and chromosphesanaiions of the trailing sunspot in NOAA 10904 during a kvéare
eruption (GOES magnitude B7.8), obtained with the SwedisarSTelescope (SST) in La Palma, Canary Islands. Highluéea
Caun H images show a typical two-ribbon structure that has bedrehit only known for larger flares, and the flare appears in a
confined region that is discernible by a bright border. Theeulying photosphere shows a disturbed penumbral steigtith inter-
secting branches of penumbral filaments. High-resolutiopfler- and vector-magnetograms exhibit oppositely tie&Evershed
flows and magnetic field vectors in the individual penumbrahbhes, resulting in several regions of magnetic azimistodtinuity
and several islands where the vertical magnetic field igseek The discontinuity regions are co-spatial with thetimns of the onset
of the flare ribbons. From the results, we conclude that tidiroed flare region is detached from the global magnetic fieldcaire
by a separatrix marked by the bright border visible inuGh We further conclude that the islands of reversed vertiedd fappear
because of flux emergence and that the strong magnetic ghygsarang in the regions of magnetic azimuth discontinuitygers the
flare.
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1. Introduction magnetic field and flow structure is analysed and relatedeo th

) scenario for flaring in the lower chromosphere.
Solar flares are most likely caused by a sudden release of mag-

netic energy due to plasma instabilities or magnetic reeonn

tion. The dynamics of large X-class flares has been intens@lyObservations and data reduction

studied in the past decades (see e.g. Li et al. 2000a,b; Wan .

2006: Su et al. 2007, Benz 2008 and references therein). Fhe Observations

results are still inconclusive for the trigger, althoughgmetic on August 13, 2006 multi-wavelength observations of thitra
shear, defined as theffiirence between the magnetic azimuthg sunspot of the active region NOAA 10904 (see FIgs. 1
of the observed field and a potential field, around the magnesind[28) were carried out at the Swedish Solar Telescope (SST)
neutral lines (Hagyard et al. 1984) and fast magnetic fluxremen |a Palma, Canary Islands (Scharmer et al. 2003). The cen-
gence (Schmieder et al. 1994) may play an important rolesiin thire of the field of view was located at solar disk coordinates
formation. These studies were mainly based on low to moeler@;( = —556’, y = —254’), which corresponds to a heliocentric
resolution observations. angle ofg = 40.15° (u = 0.76).

The structure of smaller flares is much less clear since an Close to theF/47 focus of the SST, the sunlight was divided
in-depth study requires higher resolution observatioagliqu- into a blue and a red channel by using a dichroic mirror plate.
larly, magnetograms. The importance of studying small flar&he instrumental setup for the blue beam was arranged with fo
is given by their much higher frequency of occurrence, whigkodak Megaplus 1.6 CCD cameras and various interference fil-
scales with a power law of indexL.8 (Lin et al. 1984) on the re- ters. To obtain information about the lower photosphere, @in
leased energy. Thus, they may provide clues on the mechanishe cameras was fed light at the bandhead of the CH molecule at
causing micro- and nanoflares since the thermal events fiound = 4305 A+6.5 A (G-Band), and two cameras were fed with the
the corona scale with the same power law (Wang et al. 200fght passing an 11 A interference filter with a central wawgjth
but see Pauluhn & Solanki (200_7). There are many other reasgfi4363 A (G-continuum). One of these cameras was set sfightl
that the study of smaller flares is relevant for understagmthf_r out of focus to allow subsequent image reconstruction bynsiea
coronal heating (see Aschwanden et al. 2007 and the reV'ewd?yphase-diversity wavefront sensing. (The correspondatg
Krucker, 2002). were not used for the present study.) Information on the uppe

The present study is based on the fortunate coincidende, thaotosphere and the lower chromosphere was obtained using a
during a multi-wavelength observation run of amature sahsp tjitable narrow-band filterRWHM = 1.1 A) in front of the 4th
small flare erupted above its penumbra. We present timessefriecamera. By tilting this filter, the calcium GeH 3968.5A line
high-resolution filtergrams, together with vector maggeams \yas recorded at two wavelength points, once in the line cen-
of hitherto unprecedented spatial resolution. The phdteSp o and once in the blue wing, approximatelg 8 out of the
line centre. The two wavelength positions were alternafed a
Send offprint requests to: J. Hirzberger recording four frames at a time. The exposure time was set to
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Fig. 1. Continuum image (broad band at 6302 A) of the trailing suhBpOAA 10904 on August 13, 2006, 8:44:31 UT. The solid
square marks the disturbed penumbra region as displayeidstiZ[3[5EF[19, 10, arid113. The two solid rectangular boxakm
the two flare regions shown in Figs.]143-16 (right) and HigkiZIB7(left). The dash-dotted square marks the subregiopkagtsd in
Fig.[12 and the small dotted squares show the subfields glexpia Figs[8 (left) an21 (right). The white arrow pointvérds
disk centre.

13 ms for all four cameras in the blue beam, and the achievesimeras were operated in a master-slave mode so that the expo
frame rate was between 3 and 4 frames per second (G-bands@es were strictly simultaneous. At each wavelength joosit
continuum). Scanning the GaH-line needed slightly less than500 frames were recorded at any one time. The four polasizati
6 s. Inthe blue beam, the size of one pixel correspond44X0 states were alternated from one frame to the next. Tuning the
SOUP instrument required several seconds for each wawbleng
The red channel was equipped with three S#rnqosition so that a full scan across the iron lines neededtabou
CAM1M100 cameras, which were operated at a frame rai@3s. The pixel size in the red beam correspond<@6%®.
of 36s’. The Solar Optical Universal Polarimeter (SOUP, The seeing conditions were excellent during a period of more
see Title & Rosenberg, 1981) filter was used to scan tiigan four hours, so that the SST adaptive optics system was ab
iron Fel 6302.5A line at 6 wavelength positiongy(- 4 = to lock on the observed region almost uninterruptedly from t
[-250 -15Q —75,0, 75, 150]mA). Full Stokes polarimetry was start of observations at 8:04:55 UT. Unfortunately, the $GilJ
performed by modulating the beam with two liquid crystalivarter system was stering from several software problems, so that
able retarder (LCVRs), which allows the full magnetic fieebv scanning of the iron line was started only at 8:28:51 UT and se
tor to be measured at each pixel of the field of view. In addjtioeral interruptions had to be accepted.
two cameras were used to obtain continuum light (broad band)
information atl = 6302 A. Again, one of these two cameras was
slightly out of focus and the corresponding data were nod use’
for the present study. The exposure time in the red beam wasBee G-band and the G-continuum data were bundled into pack-
to 4.5ms by using a rotating shutter that rotated with a speades of 60 frames. Residual influences of the Earth’'s atmo-
of approximately 36 and opens the beam during one sixth a§phere were restored by reconstructing each of these peskag
each rotation. The remaining 23 ms of each shutter rotatene w with the help of speckle interferometric techniques (Wkige
needed for detector read out and storage of the frames. Téw tH977; Pehlemann & von der Liihe 1989; de Boer 1996). To con-

2. Image reconstruction
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Fig. 2. Region of interest as observed on August 13, 2006 at the ohsa flare. Upper left: Red continuum at 8:45:11 UT, upper
right: G-continuum, lower left: CaH line centre, lower right: CaH — 0.6 A. The images from the blue channel were obtained
at 8:44:59 UT. In the red continuum, image the individualnotzes of the disturbed penumbra region and four small urrdnae
outlined. The penumbral branch P2 is divided into two parte region inside of the white box of the €&l line-centre image is
used to determine the mean € brightness of the “quiet” Sun; the white box in the Q4 line-wing image marks the subregion
shown in Fig[[IP. Coordinates are given relative to the origiFig.[1.

sider the systematically decreasing image quality fromdbk eruption by speckle-reconstructing packages of only 1&és
point of the adaptive optics system towards the borders ef tfthree consecutive scans). The results of this latter jphareeare
frames, subfields with sizes of 128128 pixels were recon- only marginally worse than those using the threefold nunolber
structed separately withfiierent speckle transfer functions. Thdrames.

thus achieved cadence is 19 s between subsequent rectedtruc Although, in principle, 125 images per polarisation state a

Images. line position should have been stored in the red beam, only a
The slow scanning mechanism made the frame rate in ttmeich lower number of images were fully free of interference,
Can H channel much smaller than in the other blue channels. feerefore, packages of 50 frames were bundled in the red chan
obtain statistical significance for applying speckle restarc- nels. For the camera mounted behind the SOUP instrumesit, thi
tion, the corresponding data were bundled into package$ of @rresponds to the 50 frames with the higHestS-contrast at
frames. l.e., data from nine consecutive scans were meByed.each line position and polarisation state. From the broaui ba
applying this procedure, a cadence of 57 s between subsequéannel, 50 frames obtained exactly simultaneously wihntr-
reconstructed images for each line position was achiewed.rbw band images were selected, and speckle reconstructisn w
addition, a higher cadence (19s) was obtained during the flapplied. Figuré2 shows examples of reconstructed broad ban
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Fig. 3. Maps of the Stokes vector of the region of interesi at 1o — 75mA. Grey levels have been scaled to the minimum and
maximum values of each component. The signs in the Stoke$ image mark the positions of the Stokes profiles displayed in
Fig.[4.

images (red continuum and G-continuum), as well asiBa the SST varies with the rotating field of view of the turret-sys

line-core and line-wing images of the region harbouring them. The corresponding demodulation matrideis;st(t), were

flare. obtained by using a telescope model also provided by Selbing
Reconstruction of narrow band data (SOUP channel) wé&005). Subsequently, the Stokes vectsfs= (I, Q, U, V), were

carried out by implicitly calculating the optical transfanctions computed with

from the broad band data (see Krieg et al. 1999). This praeed

yields a 4-component polarised light vectt, y, t, 1), depend- SxY.t.4) = Mss) - Miab- 1 (€Y.t ). @)

ing on the spectral position, time, t, and image coordinates, Examples of the resulting Stokes vectors are shown in[Higs. 3

andy. and 4. The estimate®MS-polarimetric noise level, derived

from a comaprison of the noise of Stok@andU with Stoked

. . : : o
2 3. Polarimetric demodulation in the quiet continuum, is of the order of 1 %.

Instrumental polarisationfiects of the laboratory setup were3 |nyersions of Stokes profiles

measured by inserting calibration optics into the beam aad-g

ually rotating a linear polariser. From the thus obtainetadalo determine the magnetic field vector reliably, we inverttesl
the demodulation matrixyl;.p, was determined by using a codgadiative transfer equation (RTE) for polarised radiatiorthe
developed by Selbing (2005). The instrumental polarisatib Zeeman-split Fe6302.5A line. The small number of only six
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ables can easily lead to unrealistic inversion resultsifthmber
of free parameters is not kept low.
We therefore inverted the data assuming a simple one-

0.05¢ component-plus-straylight Milne-Eddington atmosphesia
o5l the “HeLIx" inversion procedure (Lagg et al. 2004). The miode
' 0.00 atmosphere has eight free parameters. These are the thmee co
ponents of the magnetic field vectdr= (|B|, y, x) —wherey de-
oer 005l notes the field inclination to the line-of-sight (LOS) api the
04 ! field azimuth angle — the LOS flow velocity,os, the Doppler

broadening, the amplitudes of the components of the prepaga
0.15 T oosk T tion matrix and, finally, the geometric filling factas,. In ad-
0.10f ] ' dition, a straylight atmospheric component with a fillingtfar
(1 - @) was included into the model atmosphere. In this compo-

0.051 0.02F
0.00 nent the magnetic field vector is assumed to be zero, andhalf ot
o5k 0.00 parameters are coupled to the values of the magnetic compone
To keep the number of free parameters small in the inversions
~010¢ ooz we abandoned fitting the constant term of the source funcfion
—0.15¢ —0.04F /I ] the Milne-Eddingtton atmospheric model. It has been shown b
-0.20 b bbb Orozco Suarez et al. (2007) that this cobstraint introdaoesam-
0RO IS0 ey 200 TEeemReetiqe By 190 2% biguity between the field strength®|, and the filling factorg,
i.e. profiles produced from regions with high field strengtid a
low filling factor often cannot be distinguished from thode o
1.2 T 0.06 R low field strength and high filling factor. Therefore, we henc
0.04f forth use the term “field strength” synonymously with the flux
1.or 0.0zt density,B| - .
‘ Selected model parameters obtained for the region of inter-
0.8¢ 0.00 est are shown in Fi@] 5. Direct interpretation of these patam
_0.02} maps is hindered by the inevitable 288mbiguity of the mag-
0.6 netic field azimuth and by the magnetic field vectors beinggiv
! OO a0 ] in a coordinate system that is inclined to the local cooridisgs-
0.4 S —0.08 R tem by the heliocentric angle. However, to reliably transfche

0.2 e field vectors into a local coordinate system the azimuth gonbi
ity has to be resolved. As can be seen in Eig. 5, two large nsgio
are obviously #licted with an erroneous azimuth direction. In
some other areas of the region of interest, the “true” azimut
direction is less evident. Common procedures to resoh& thi
problem (see e.g. Metcalf et al. 2006) are often based on addi
tional assumptions, e.g. potentiality or minimum energyfigp
urations, on the magnetic field structure, which are notlFedfi
-0.04 e -0.2 e in a flaring region. We, therefore, tried to resolve the azimu
—300-200-100 0 100 200 -300-200-100 0 100 200  ambiguity by inverting the azimuthal direction in thoseice
A=A [mA] A= [mA] where it is obviously wrong and then iteratively minimisithg
radients of the field azimuth in the region of interest (dse a
bkharov et al. 2008). This procedure works in a similar i@sh
$he AZAM code described by Lites et al. (1995). In . 6 we
display the magnetic field vector after resolution of therazh
mbiguity and after transformation into a local coordinsye-
where the-direction is perpendicular to the solar surface.

0.06

0.04
0.1f
0.02
0.0
0.00

_0.026 -0.1F

v/I

Fig. 4. Examples of regular and abnormal Stokes profiles aft
image reconstruction and demodulation as measured with
employed instrumental setup (solid) overplotted by thailtes
of the Milne-Eddington inversion (dashed). The examplemst
from a penumbral filament (upper four panels) and from a dalr
channel crossing the disturbed penumbraregion (lowernfan
els; see +' signs in Fig.[3). Remarkable is the strong Stokes
V signal ati = 1o — 250 mA in the lower example. This indi- 4. Results
cates an atmospheric component of strong upward mass flaw. . . . .
The one-component Milne-Eddington inversion yields a googP' 2" aqtlvet\;/eglontNOAA %[0904 IS ? b'pﬁlar S“nStPOt g:oqf
approximation to the regular Stokes profiles in the uppenexa?r?]rg%rt')ss"ggve d (?[r;n”%urg z?(;r?(’)v(v);]?n:inleacosrigsgneollg rgo E(a” Y.
ple but fails to reproduce the abnormal profiles of the lower e ;. * -7 0 S 9 t'p . o yp pt' 4 |
ample. The impression of asymmetric Milne-Eddington pesfil ig.[23) and contains tiny regions of inverse (negativeRpo

: : : . ity in its outer parts. Although this spot includes both pities,
is caused only by the asymmetric sampling of the spectrel in it might be classified as a part ofgagroup (Potsdam classifi-

cation, cf. Kiinzel 1960) rather than assapot, but see, e.g.,

Lites et al. (1995) and references therein for a discusdionta

the formation ofs-spots. While observing the sunspot, a flare
wavelength points in general give us 21 significant datatpoirerupted in the disturbed penumbral region at its disc-essitte.
(Q, U, andV are usually close to zero ap — 1 = —250A, see The flare started at about 8:47 UT and lasted only about ten min
however Fig[¥4) per spatial pixel, whereby in the penumbira altes. The flare was also registered by the Solar X-ray Imager
four Stokes parameters are well above the noise. So fewwbs€6XI) onboard NASAs GOES-12 satellite. The SXI data show
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Fig. 5. Results of a one-component Milne-Eddington inversion ef$tokes profiles measured between 8:41:43 UT and 8:43:24 UT.
Upper left: magnetic field strength; upper right: field ineltion relative to the LOS; lower left: field azimuth (pergamular to the
LOS); lower right: LOS-velocity. The regions marked withraiés are in all likelihood sftiering from an 180 error of the field
azimuth.

an emission peak at 8:53:00 UT reaching a magnitude of B7.8.4.1. Photospheric flow morphology
Fig.[2 the disturbed penumbral region is displayed justiestee
start of the flare. In the red continuum image, several pemarnbEI

P etermination of the photospheric flow structure is limitad
branches and small umbrae are highlighted. These feattees e ability of only the LOS component being derived directly

henceforth, called "P1" to "P4” and "U1"to "U4", respectiye from the Doppler shifts of spectral line profiles. The traarsal
flow components can only be estimated by tracking the motions
of intensity structures, which might be misled by movingemt
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Fig. 6. Results of a two-component Milne-Eddington inversion &f 8tokes profiles measured between 8:41:43UT and 8:43:24UT
after transformation into a local coordinate system wizésgoerpendicular to the solar surface and.e.y = 0, is directed towards
the right. Upper left|B| @, upper right:B, lower left: y, lower right:y.

sity patterns, such as waves, which are not real mass flowsbha (see e.g. Sobotka & Sutterlin 2001; Bovelet & Wiehr 2003
the left panel of Figll7, the mean horizontal flow velocitias iA conspicuous feature in the disturbed penumbra is a fast pen
the flare region is displayed, estimated from a 33 min timser etration into the adjacent quiet region at [266"]. There the
of G-continuum images. The flows have been calculated usidgrived horizontal flow speeds achieve values up to 2.17&ms
the local correlation tracking technique (LCT, cf. Novem&e The nearby quiet region [2615’] marks a position of strong
Simon 1988) with a Gaussian window function of one arcsecofidw convergence. In the penetrating penumbral branch éenc
width. forth called P2, cf. Figl12) itself (at [2B,17’]), a divergence
centre can be detected. The fast horizontal velocities atram
Close to the main umbra of the sunspot the flow field showifacts produced by the LCT procedure since the penumbtal ou
the well-known penetration of penumbral grains into the um-
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Fig. 7. Photospheric flows in the flaring region. Left panel: Timeraged horizontal flows from a series of 106 G-continuum
images obtained between 8:28:37UT and 9:01:44 UT, contoas Irepresent the divergence of the horizontal veloc(iidste
contours encompass regions of positive divergence, negditiergence regions are located within black contours)aécompa-

nying animation of the G-continuum images is availablermmiit EDP. Right panel: line-of-sight flow velocities ob&drfrom a
Milne-Eddington inversion of a line scan lasting from 84BUT to 8:45:31 UT.
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Fig. 8. Fast motion of a fragment of a penumbral fibril located abtreathite reference marks: The figure represents a time series
of G-continuum images between 8:38:03UT and 8:40:15 UT.

flow can be easily visualised by an animation of the time seriexceptions are the convergence centres atg28’5] (close
of G-continuum images, which is available as an accompanyito the upper end of branch P3) with maximum inflow speeds
mpeg-movie. The concomitance of the outward flow with cof about 250ms!, and the region left to the small umbra U3
tinuous positive Doppler shifts (see right panel of Fig. 7up  [2375, 22] with maximum flow speeds of 480 m’s
to 3km s suggests fast-moving Doppler clouds that are clearly )
visible in a though discontinuous animation of the ava#abl LCT can provide only temporally averaged and smoothed
Dopplergrams. The derived velocities of up to 2.1khare (by the used window function) flows. However, inspection of a
well within the range of the proper motion speeds of Eversh&$t animated movie of the time series reveals a wide variety
clouds reported in Cabrera Solana et al. (2007). of dynamic features that are not visible in the LCT flow map;
e.g., at the crossing region of penumbral branches P1 and P2
In addition to the convergence centre at’[285”], other (at[27/5,21"]), the LCT map shows a weak flow jadirection.
centres of horizontal flow convergence and divergence, lwhitlowever, the corresponding G-continuum movie shows a fast
can be associated with outward and inward motions, can tmetion of the lowermost fibrils of branch P1 towards the dark
found all around the disturbed penumbra. The derived flow vembra U3 located at [2522"]; i.e., they move at an angle
locities are mainly low within the disturbed penumbra. Ore eof more than 45 to the mean flow in that region. This mo-
ception is the region around [3,19’] where several bright tion is illustrated in Fig[B, which figure shows a time seidés
heads of penumbral fibrils (outlined as P1 in . 2) move witkl'25x 2725 excerpts of eight consecutive G-continuum images.
flow velocity of up to 375ms towards the adjacent penumbralTherein the motion of a fragment of a penumbral fibril can be
branch (P4), marking another centre of flow convergenceeOtHollowed. Within the first 6 images, the structure moves abou
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Fig. 9. Magnetic field configuration in the flare region. Left panartical magnetic field mapg;) overplotted by vectors showing
the horizontal field structureBf, By) obtained from an inversion of the line scan between 8:48Rand 8:45:31 UT. Right panel:
G-continuum image from 8:44:40 UT overplotted wih-contour lines at-750,-250, 250, and 750 G.
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Fig. 10. Evolution of the Car H line core intensity during the flare eruption above the distd penumbra region. Clock time labels
are given in UT. The grey code is the same for all images. Apmpanying animation of the GeH line core images is available
online at EDP.

0725, which corresponds to a velocity of 1.9 km.d_ater on, the As obtained from a one-component Milne-Eddington inver-
identification of the structure becomediaiult. For comparison, sion of a line scan just before the impulsive phase of the,flare
penumbral grains move with mean speeds between 0.5kmthe LOS velocitiesy, os, are shown in the right panel of Fig. 7.
and 0.8 kms! (Sobotka & Sutterlin 2001) . Flows towards the observer are assigned to positive vglocit
values. The entire disturbed penumbra is interspersedaxith
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ceptionally high velocities both towards (upflows) and awagpection of the Doppler map and the G-continuum images (see
from the observer (downflows). In several regions, the dowfig.[7) indicates that this branch crosses penumbral br&2ch
flows reach almost os = -7 kms, which might be higher at the position of DR2. The underlying branch P2 carries a
than the local sound speed in these regions. The detected fiast positive Evershed flow that is directed more or less-radi
tions in the disturbed penumbra might be attributed to Ehexts ally outwards. Also the field vectors point nearly radialiyto
flows. Thus, the dferent branches of the disturbed penumbra aveards. Thus, this branch might be considered as the “normal”
characterised by Evershed motions that point in a direcim?  spot penumbra that is intersected by P1, and P3 is anothertbra
cific to each branch. Particularly interesting is the braBtHlo- of penumbral filaments carrying negative Evershed flows (lo-
cated around [27,22"]) that is associated with strong redshiftscated between [2628’] and the flow convergence region at
It intersects another branch (P2) ranging from{20”] down [31”,19"]). This might be a sub-branch of P1 that also inter-
to [257,13’]. Therfore, P2, which is associated with strongects the global structure of the sunspot penumbra. Again th
blueshifts, is divided into two parts (see Hig. 2). Anothg@ei- magnetic fields in this branch are in opposite directionshio t
esting feature is the redshifted branch P3 that interseleiga  global fields of the sunspot. A convergence centre of the hor-
blueshifted area around [2527”]. Finally, one more region as- izontal flows is located at the upper end of this branch (i.e.
sociated with possibly supersonic downflows is branch P4, lat [26’,28"]). Also the horizontal magnetic field is somewhat
cated around [33 19”]. This branch corresponds to a penumnoisy (therefore, we call this region DR3, henceforthhaligh
bral region consisting of shortflise fibrils located between ana clear discontinuity cannot be detected. This noisy b&havi
elongated umbral structure (U4) and a dark lane that diitdes come from the fact that a Milne-Eddington inversion assumes
from P1 and P3. Surprisingly, only the lower part of P4 is redieight-independent magnetic field, which is most likelywvadid
shifted, and its upper part shows blueshifts of severainkélo in a region of crossing penumbral branches.
tres per second. A strikingly twisting penumbral flamerde(s =~ The description of the global magnetic field structure in the
Ichimoto et al. 2007, Zakharov et al. 2008) is located atthe-t disturbed penumbra region can be summarised as the fields be-
sition from red- to blueshifts . ing largely co-aligned with the Evershed flows. This leaddise
Supersonic flow motions in disturbed penumbral regions oontinuities in the horizontal fields that are co-spatiahwhe
in the normal penumbra are well-documented (see Martineanvergence points of the Evershed flows and also of conver-
Pillet et al. 1994 and references therein). These authpartre gence centres of the horizontal flows (proper motions of penu
photospheric flow velocities (downflows) of up to more thabral structures). In addition, several islands of oppbs{@own-
14kms?, close to the magnetic inversion line ofapot. Lites ward) directed vertical fields are present within and aroiined
et al. (2002) found velocities of about 6 to 8 km sn a broad disturbed penumbral region. This configuration is largelyne
region between the magnetic inversion line af-apot and the parable to the magnetic field configuration of the flare model
nearby border where upflows are separated from downflowdgveloped in Falconer et al. (2000).
They hypothesised an explanation for this result by assgmin
a region of interlaced penumbral fibrils offiirent penumbral
branches. Bellot Rubio et al. (2007) have found evidence t
the Evershed flow is supersonic at many locations in the penuphe evolution of the flare with time as seen in theuG# line
bra, confirming earlier hints (e.g. Borrero et al. 2005). centre images obtained with the SST is shown in Fig. 10. An
Summarising the discussion of the features visible in the flognimation is available as accompanying mpeg-movie. The pre
maps, it might be stated that both horizontal and LOS velognd post-flaring region above the disturbed penumbra i$yeasi
ities show strong fluctuations within short length scalelsisT discernible (see also Figl 2). It is darker than the adjaher
means that the flows in the entire disturbed penumbra seenytfiet region, visible in the lower left corner of the imagés-d
be strongly sheared. played in Fig[ID and also darker than the disturbed granular
region, which appears between the disturbed penumbra and th
two umbrae of the spot. The border between the pre-flaring re-
gion and its surroundings shows enhanced brightness iinthe |
The magnetic field structure of the flare region is displayed tore of CaiH. This bright border might be interpreted as the
Fig.[d. The Cartesian components of the magnetic field ventersection of a separatrix dividing the magnetic fieldside
tor (By, By, B,) are shown after resolving the azimuth ambiguitihe disturbed penumbra from its surroundings with the clorom
and transformation into a local horizontal coordinateeystWe spheric level where the calcium line is formed (see Falceter
stress that a resolution of the azimuth ambiguity was natiptess  al. 2000 and below).
without leaving discontinuities of the field azimuth. Thepled Inside the region enclosed by the separatrix theirBa
procedure only provides a best guess of the horizontal field ine core images show a jumble of long fibrils that are mostly
rection obtained by keeping the discontinuity regions aalsmconnected to dierent parts of the bright border or to small-
as possible. Figuid 9 shows discontinuities at’[3®/5] (DR1) scale bright structures inside this region. These strastaoright
and (less pronounced) at [2225] (DR2). In the right panel be closely related to the “straws” described by Rutten (2007
of Fig.[g it can be seen that DR1 coincides with a neutral lirend the CaK fibrils recently discovered by Pietarila et al.
of B,, separating a small region of negative (downward) verticé2009). This appearance is significantlyfdrent from the nor-
field from the surrounding regions of positive (upwaBj) The mal penumbra at the limb-side of the sunspot. There the fib-
second discontinuity region (DR2) is located at the rightleo rils are radially oriented, i.e. mainly parallel to the pbspheric
of the small umbra U3. penumbral fibrils. The normal GeH line core penumbrais also
Penumbral branch P1 (see Higl. 2) connects these two memigher-textured and — on average — darker than the disturbe
netic field discontinuities and carries fast negative Bvedsmo- flare region (see Fi§. 24 for a @& line core image of the en-
tion from DR1 to DR2 (see Fid.l 7). The magnetic field in Piire field of view of the observations.).
is mainly horizontal and directed towards DR2. This is altmos As in a mature two-ribbon flare, the eruption starts simul-
perpendicular to the radial direction of the sunspot. Aelws taneously at two stripes, which are separated by approglynat

h4613' CanH observations

4.2. Magnetic field structure
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Fig. 13. Horizontal magnetic field (arrows) and vertical magnetic
field (contours a+ 250 and 750 G) overplotted to the €&l line-
7 to 8 arcseconds (see lower left panel of Eig. 10). One of tBere intensity obtained at 8:47:31 UT at the onset flare @mpt

two ribbons (FR1) appears first just at the separatrix anehelst  Black circles mark regions of magnetic azimutiscontinuity
later on to an opposite part of the separatrix, marking the |g;f_ Fig.[9).

ner penumbral boundary (sometimes called peripatopawse)
tween the disturbed penumbra and the larger sunspot umbra.

Two branches of fibrils originally cross in the region of tlees . . : : .
. 7:12 UT as an isolated bright filamentary structure (m[ER
ond flare ribbon (FR2). One of these branches flashes up a%‘(”bosition [225, 225]). At 8:48:09 UT another bright structure

expands until it merges with FR1 (see panel from 8:48:09 , : X
8:52:52UT). During the rapid expansion of the upper part gppears at [26, 185], which seems to be an extension of the

FR2 (see panel from 8:51:18 UT), the flashing fibrils form aﬂggssff?h%efﬁr:'cznzgy’ :Sdrﬁen?g?orgacsrt'reusc'ttjrr;%)ggﬁ]héﬂ: rl/is
arcade of bright streaks at the upper part of the flaring regi its footpoints are rooted in ratherpclose proximity txle
This arcade is located between the upper ends of the two ﬂo&%e

) . : : ; r. One of the footpoints is associated with a bright flaish
ribbons. Its upper footpoints are co-spatial with the saper J. . .
region. Later on, the centre of the flare brightness moveartbw 8:52:52 UT, whereas the other one shows no brightness eehanc

the lower ends of the flare ribbons (see panel from 8:52:52 U ent until 8:53:49 UT. Later on, anather bright structurpers

and the maximum brightness seems to be emitted by long ) p:54:46 UT right between the two footpoints at{d.217).

fibrils crossing and enclosing both flare ribbons, as weltrasf
their footpoints at FR1. The width of these fibrils is only abo 4.4. Relation of magnetic fields and the flare ribbons
3 to 4 pixels, i.e. about”@5 although their length reaches val- ) o )
ues up to 10 arcsec. These values are in good agreement aithl demonstrate that the determined magnetic field strugture
dimensions of recently discovered ¥ fibrils seen in plage realistic, the horizontal magnetic field is overplotted ig.EL3
regions (Pietarila et al. 2009). After 8:52 UT, the flare htigess ©on & Cai H line core image at the onset of the flare eruption. The
slowly decreases until the region reaches a similar statarasg  egion of magnetic azimuth discontinuity DR1 at {3295] is
its pre-flare phase at approximately 9:00 UT. located to the right of the onset region of FR2. The onset of
Unfortunately, the total intensity flux of the flare could nofR1 takes place above the small umbra U3, leftward of DR2.
be measured since the detector was saturated during thé-impigureCL3 shows that region DR3 also participates in the flare
sive phase of the flare. Instead of that, we estimated therevatince it is located slightly to the right of the upper end ofIFR
tion of the total flaring area (see Figl11). This area is defame The displacement between the discontinuity regions anfietres
regions achieving intensities more than double that of trez-a fibbons might be (partially) explained by a parallax caubgd
age quiet Sun CaH line core intensity estimated from a regiorfhe inclined line of sight. The displacement of the discouities
to the lower left of the flaring region (see FIg. 2). The flarinfom the local flare intensity maxima is approximately one-ar
area reaches its maximum extent of 30.94%an 8:52:52 UT. Second inall three regions. This implies a (reasonabftgreince
Its rising phase lasts slightly longer than its decline aslal- ©f 1100km between the height where the photospheric mag-
ready mentioned, shows a few bumps. In general, the shapdgfic field information is obtained and the height of the brégt
this curve is similar to that of the GOES measurements agthouCaun H line core flashes.
only one smooth peak is visible in the GOES-12 X-ray measure-
ments. GOES-8 X-ray data show a bump in the declining phage 1. onset of the flare
of the flare.
The dfects of the flare eruption on the blue wing of d  The first appearance of the flare takes place in a region of two
are shown in Figl_12. An animation is available as an acconmtersecting branches of Gad line-core fibrils. In Fig[I¥ the
panying mpeg-movie. The first indication of the flare appa&rsevolution of this region (FR2) as seen in thei(4 line core



12 J. Hirzberger et al.: High-resolution spectro-polatiyef a flaring sunspot penumbra

08:47:12 08:48:09 08:52:52 08:53:49 08:54:46

25

aresec

15

20 25 30 20 25 30 20 25 30 20 25 30 20 25 30
arcsec arcsec arcsec arcsec arcsec

Fig. 12. Evolution of the Car H wing intensity in a subregion (see Fig. 2). The white box redhe location of the detail shown in
Fig.[20. An accompanying animation of the €l line wing images is available online at EDP.

and in the blue continuum is displayed. After its first appear
ance, the fine structure of FR2, as displayed in[Eigj. 14, skkows
series of bright loop-like structures (at 8:50:40 UT), whaon-
nect the position of their first appearance with a previodsigk
region. These loops expand rapidly and move towards thendeco
flare ribbon. After that, the region of maximum €& bright-
ness (cf. Fig[1l0) spreads towards the lower left corner ef th
cutouts shown in Fig. 14.

The chromospheric structure in this region cannot only be
characterised by two crossing branches of fibrils: In thesblu
wing of the Cai H line (see Fig[I2, panel for 8:52:52 UT) the
onset region of the flare is connected with the lower end of the
flare ribbon (i.e. with the small umbra (U2) in the lower lefir¢
ner of the details shown in Fif114) via an extended loop. &inc
this loop is not clearly visible in the GeH line-centre images,
it must be either low-lying andr become apparent due to strong
Doppler shifts. Only moderate dynamics occur in the blue con
tinuum. The most conspicuous phenomena are two fast moving
and evolving penumbral filaments (Fig]14). arcsec arcsec

The corresponding magnetic field configuration is display . - . .
in Figs.[1% and_16. Because of technical problems with t é%‘ 15. Vedrt|cfatll mﬁgnenc ﬂel;j rs]treﬂngth in the re?mnl of FR2
SOUP, magnetic field maps are available only shortly befate goo(rse %? a gggé onset o ;5‘8 Gare. ”Contourde7\/5eOsGare gt )
8:44:40 UT) and shortly after (at 8:53:50 UT) the flare ongbe ‘ ( u%),_ - (greGen), . (yde OW)Baf.‘ q h(r?‘ )-
most conspicuous feature in this region is a sharp revefsato Background images are G-continuum data obtained at thetime
sign of B, in the centre of the cutouts shown in Fig] 15. This Sitd_abelled above the panels.
ation is not resolved by the flare eruption. Surprisinglg,igiand
of negativeB, grows during the flare eruption. This growth takes
place mainly in the lower part of the displayed details wheereproximity to the neutral line anBy, achieves values up to 2.5kG
penumbral filament (see lower white arrow in Higl 14) movest a distance of 8 to 1 arcsec from the neutral line. In the dark
into the small umbra U2. Throughout the entire observedperiumbral region (U4) rightward of the magnetic islaid s again
the magnetic neutral line separates penumbral branch Reéhwtstrong (however positive) arigh, drops to values around 500 G.
carries fast Evershed motion from DR1 to DR2, from the islaritherefore, it might be concluded that theéfdse penumbral re-
of negativeB, which appears as aftlise penumbral region (P4)gion (P4) contains loop-like magnetic fields which emerghn
in the blue continuum images. According to the moving flugark elongated umbra (U4) that is located in the upper right p
tube model (cf. Schlichenmaier et al. 1998, but see, howevef the cutouts shown in Figs. 1I4316 and submerge in the island
Rempel et al. 2009) for penumbral filaments, the bright headgnegativeB, close to the bright heads of the penumbral fila-
of the fibrils, which are located just leftward of the neutiaé, ments of P1. Thus, the magnetic neutral line representsiareg
appear where vertical flux tubes bend over and become herizefistrong vertical (and also horizontal) magnetic shearsWé&ss
tal. Thus, the field lines are mainly vertical in this regiordat that the entire region of FR2, including the island of negs,,
least some become more inclined, Bz.decreases and the hor4s located inside the separatrix appearing in thet Bamages.
izontal field componenBy, = (B + Bf)"?, increases, in about In fact, the separatrix is co-spatial with U4.
one arcsecond distance from the neutral line. Also the DBppl  The onset of the other flare ribbon (FR1) is displayed in
maps (see Fig7) show blueshifts in the region close to the nesig. [T7. Figure$ 18 and 119 show the corresponding magnetic
tral line, although the biggest fraction of this penumbrrarzh  field configuration. The flare onset takes place above thel smal
is characterised by strong redshifts. roundish umbra U3 (visible in the middle of lower row frames

A similar situation is present just rightward of the neutrah Fig.[I7) and spreads out in both directions along the rib-
line. In the magnetic island titlecomponent is strongest in closebon. The CairH line-core images show some loop-like fibrils

arcsec
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Fig. 14. The onset of the flare in FR2 as seen in thai€kline-core (upper panels) and in the blue continuum (lowerejs. The
white boxes mark the subregion displayed in Eid. 21. Timelghre given in UT.

which connect U3 with the region around DR3. Again the photorotions therein in both parts of branch P2 are seen to betdiec
spheric structure shows only moderate dynamics. The magnetutward, whereas in the branch P1 the penumbral substasctur
field structure at the time of the flare onset (8:44:40UT) als®eem to move inward, i.e. towards DR2, on one side and outward
does not show many conspicuous features. Worth mentionifigwards DR1) on its other side. Figtire 8 shows a typicakstru
are only two tiny regions of negatii at the right border of the ture moving towards DR2. The magnetic field lines in the regio
small umbra and close to DR3 (at [2528"]). The right panels below U3 (lower part of P2) must have a loop-like structunesi

of Figs.[I8 and19 show the field configuration approximateBy, is continuously directed downward aBgdis positive close to
40min after the flare eruption. It can be clearly seen that thige U3 and turns to negative values at a distance of a fewarcse
field structure has changed dramatically. Mainly the twaéaeg onds from U3.

of negativeB, have become much larger and also the penum- pring the observation sequence, the magnetic structure of

bral branch below the small umbra (lower part of P2) mainlyis region displays some significant changes. The exjitamat

comprises negative,. Simultaneously with the growth of thefor these changes that we prefer is that the regions of nega-

regions of negativé,, in the same regions the horizontal field;ye B, are emerging from below, which is mainly reflected by

strength strong_ly increases up to values o_f more than 2kG. 4 growth of the regions of negati®, and that this field emer-
The scenario developed from analysing the Doppler maggnce triggers the flare. In spite of these changes, thesatton

and the general field topology in the region of interest can B¢ penumbral branches seems to persist during the entier-obs
substantiated and extended now. In this region severalmenyation period.

bral branches seem to intersect. The longest one (P2) reache

from the upper border of the details displayed in Eid. 17 &irth

lower border. It seems to submerge below P1 slightly abowe th.6. Dynamic features

small roundish umbra U3 and re-emerges below this umbra. Thi

submergence of P2 below P1 might be also assumed from ahiwide variety of dynamic features is visible on extremelyadim
mating a time series of the blue continuum images. The progspatial and temporal) scales in our data. In Eig. 20 (leftgba
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Fig. 17. The onset of flare ribbon FR1 as seen in thai€kline-core (upper panels) and in the blue continuum (loweefs. Time
labels are given in UT.

the region already shown in Fig.]14 is overplotted with a hor- During the same period (i.e. approximately between 8:40 UT
izontal flow field obtained from the GeH images between and 8:47 UT) in the photosphere below, penumbral filaments
8:45:56 UT and 8:48:47 UT. Before the flare appears, the negiwith typical dark cores (see Scharmer et al. 2002) are Idcate
shows two interlaced branches of €H fibrils (see upper left (see Fig[2l). In the uppermost filament visible in the dstail
panel in Fig[Ih). The flow field was derived using LCT with @&hown in Fig[2IL, a dark roundish structure moves from thk dar
Gaussian window function of’@ width. Within this time inter- core of the filament towards the magnetic neutral line (seelsa
val, a bright cloud is moving along the branch of i34 fibrils  from 8:40:15UT to 8:43:06 UT in Fi. 21). Its size is only abou
that lies above the island of negatig shown in Fig[Ib. This 0715. Later on (see panels from 8:43:06 UT to 8:46:35UT in
cloud achieves maximum speeds of 25.5kijast as it crosses Fig.[21), superposed to the lowermost of the three filamants,
the island of negativ®, (at [32’,18"] in Fig [20). This veloc- other tiny but elongated dark structure crosses. This dauk-s

ity lies at the upper limit of chromospheric flows typicallp-o ture is about 015 wide and not longer than’8. In an ani-
served in Hr (see e.g. Al et al. 2004, De Pontieu et al. 2007) or imation of this subregion, these features appear as comafscu
Can 8662 A (see Langangen et al. 2008), although van Noort@ark structures, leaving the filaments unmodified. Also thre ¢
Rouppe van der Voort (2006) found blobs moving with speeds igsponding Doppler maps show no anomalies. The regions clos
to 240kms?. Line-of-sight flows exceeding this value are alsto the centres of the bright heads of the penumbral filameats e
regularly seen in He10830 A spectra (cf. e.g. Aznar Cuadraddj"b!t strong blueshlfts_ and the dark Iane_s between the fildsne
et al. 2005, Lagg et al. 2007, Sasso et al. 2009). The flare erl{fﬂ'cate strong redshifts that can be attributed to Evetfloevs.

tion takes place (first enhancement of 14 brightness in this These features are also visible in theiG4 line-wing images.
region) approximately one minute after the cloud has patssed Therefore, they might be ascribed to density enhancements a

crossing of the two branches of fibrils and approximately 4garing in the temperature minimum or even in the lower chro-
after the cloud reaches the upper end of the branch. mosphere. several fibrils are visible also in ther€hline-core

images (see Fig._14 and the lower panels of Eig. 21). During
the appearance of the dark photospheric structures, theds fi
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Fig. 16. Direction and strength of the horizontal magnetic fiel&ig. 19. Direction and strength of the horizontal magnetic field
strength in the region of FR2 before and after the onset of thgength around FR1 at the onset and 40 min after the flare.
flare. Arrow colours denote field strengtBg < 500G (red), Arrow colours denote field strengtBs < 500 G (red), 500 G<
500G < By, < 1000G (yellow), 1000 G< By, < 1500 G (green), By < 1000G (yellow), 1000G< B, < 1500G (green), and
andBy, > 1500G (blue). Background images are G-continuui®, > 1500 G (blue). Background images are G-continuum data
data obtained at the times labelled above the panels. obtained at the times labelled above the panels.
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Fig.18. Vertical magnetic field strength around FR1 at the onsptg 20. Left panel: Horizontal flow field as obtained from the

and 40 min after the flare. Contour levels are at -750 G (blu€)Cau H line-core images between 8:45:56 UT and 8:48:47 UT.

250G (green), 250 G (yellow), and 750 G (red). Background infhe cutout displays the same region as shown in Figd._14-16.

ages are G-continuum data obtained at the times labellegeabRight panel: Horizontal flow field as obtained from theiGa

the panels. line-wing images between 8:50:40 UT and 8:56:41 UT in the re-
gion marked by a white box in Fif.112.

are already increasing their intensity (onset of the fldrejhe

contrast-enhanced Gad image from 8:46:15UT in Fid. 21, the

fast-moving cloud described in the previous paragraph tsm amagnetogram is not better that20- 0”3) located exactly below

be seen. Itis located in the lower right corner of this pabela@ the magnetic neutral line that separates the island of ivegat

two conspicuous bright fibrils and just crosses the magnetic  from the penumbral filaments wheBg > 0. This structure is a

tral line. remnant of a slowly decaying bright penumbral filament ledat
The uppermost of the three penumbral filaments displayeddiong the magnetic neutral line approximately 25 min praor t

Fig.[21 shows another dynamic feature that appears as a britjie flare eruption. It disappears completely during the bake

extension of this filament (Fif. 21, panel from 8:46:35 UTisT the flare. The less conspicuous structure marked in[Elg. 21 is

bright extension is (considering that the spatial resofutif the another remnant of the same penumbral filament.
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The two previously discussed features show clearly that theade in the previous sections, in Higl 22 the atmospheric-str
photosphere below the flare undergoes a significant restingt ture in the regions of the two flare ribbons is sketched. Ome fla
shortly before the flare erupts, although only on extremeslgtls ribbon (FR1) is located close to the small umbra U3, roughly
scales. parallel to the penumbral branch P2. The other flare ribbon

Another striking feature that can be seen in Fig. 21 is tHi€R?2) is located above the endpoints of penumbral branches P
strongly diferent orientation of photospheric penumbral fibriland P3 where they meet P4.
and chromospheric GeH fibrils. The two types of features are  Flare ribbon FR2 (cf. Fid._14) includes an island of inverse
misaligned by an angle of more than°4Such a misalignment B,, which seems to contain the footpoints of loop-like magneti
of photospheric and chromospheric structures can be ssew-in fields. In close proximity to this island, a branch of penum-
eral parts of this region. The region around’[2B6"] in the sec- bral filaments (P1) with a polarity of the magnetic field and th
ond panel (8:48:09 UT) of Fig.17 shows another example.& heEvershed flow, which is opposite to the main polarity of thetsp
the misalignment is even of the order of°79he photospheric penumbra, emerges from the subsurface layers.
field is roughly aligned with the penumbral fibrils (compasé | The region around flare ribbon FR1 (cf. Hig] 17) shows sev-
panel of Fig[® with the upper left panel of Fg. 3). If we now aseral crossing branches of penumbral filaments, partiguédathe
sume that the CaH fibrils mark chromospheric field lines, thenendpoints (DR2 and DR3, see Hig. 9) of P1 and P3, which carry
it would appear that the field structure in the observed regithe oppositely directed Evershed motions and in which thg-ma
not only shows strong horizontal shear but also a strongeatrt netic fields are oppositely directed to the main penumbrh fie
rotation; i.e., the flare occurs in a region of strong heficithe direction.
flare does not fully remove the misalignment of chromosgheri  Both regions are overlaid by several crossing branches-of fib
and photospheric structures. As can be seen in the upper righs visible in Can H. Some of these branches show almost no
panels of Figs_T4 arld 17, intersecting branches af Bdib- motions, only strong brightness enhancements during the, fla
rils remain in the analysed region and the underlying pemaimband others show rapid expansion. Some of tha Bdibrils are
fibrils remain misaligned with at least one branch of the lyver found to modify their azimuthal direction during the flarach
ing Can H fibrils. Different orientations in the photosphere anthat a fibril that starts strongly skewed relative to the utyieg
chromosphere may also have to do witlfelient inclinations of photospheric penumbral fibril ends up being more nearlylpara
photospheric and chromospheric structures with respetiteto |el.
solar surface, since the sunspot was significantly far remiov  The obtained structure can be fitted into a global picture of
from disk centreq = 40.15°) at the time of observation. the flare eruption as developed in Falconer et al. (2000)obhe

Another dynamical feature, visible during the main phasgerved region includes several islands of negative magpeti
of the flare, is shown in the right panel of Fig.120. This figurgrity in the positive polarity region of NOAA 10904. Accandy
shows the CaH line-wing intensity in the region between theto Falconer et al. (2000), the islands of inverse polarigy@n-
two flare ribbons. Overplotted is the horizontal flow field obnected to the adjacent regions by short loops leading tosedlo
tained from the CaH line-wing images between 8:50:40 UTcore field enveloping the neutral line around the islands (iseir
and 8:56:41UT. In the centre of the cutout (at’8®7”]; see Fig. 3). Close to the magnetic neutral lines, the fields acmgly
also Fig[12, panel from 8:52:52 UT), a bright front is movingheared, which is very often the case prior to a flare eruption
towards the top-right. The velocities (using LCT with®@vin-  (Hagyard et al. 1984). A separatrix surface encloses thadsl.
dow function) achieve values up to 4.8knislt is co-spatial The footpoints of the separatrix surface enclose the ertiien.
with the outer border of the rapidly expanding flare loophiisi |n our case, this intersection of the separatrix with thefamer
in the CarH line-centre images (see Fig.114) and is, thus, nedarks the footpoints of the branches of 4 fibrils, which are
exactly co-spatial with the brightest parts of the lineecon-  connected to the interior of the disturbed region and careke e
ages. The width of this front is only approximatet{28. If this jly identified by a continuous brightness enhancement pdor
bright front were only caused by the contribution of the {inegnd after the flare eruption.
centre intensities to the line-wing images (since the filteith is Since the pre-flare structure of both the chromosphere and
larger than the wavelengthftérence between the two channels}he photosphere of the observed region does nderdimuch
it should be co-spatial with the brightest parts of the fignie-  from the post-flare structure and because the observedamupt
gion. Although the detector was saturated in some regibissist  js only a weak flare (GOES magnitude B7.8) the global topology
definitely not the case. We, therefore, assume a stronghiftiesof the region does not change during the flare. However, tjte hi
of the CarH line in the front and also in the fibrils flashing inresolution of the analysed data made it possible to studyl-sma
the line-wing images. Using the wavelengtiffeience of 0.6 A scale restructuring of the atmosphere during a weak flaréaéor
between the two channels results in a speed of 45&km s first time. Primarily, we found a sizable increase in theridaof

A second region of fast horizontal motions is located in thiaverse polarity. This is consistent with the long-termlation
lower left corner of the right panel of Fig.20. These motians of the spot, which can be traced, e.g., on SQMDI continuum
related to fibrils appearing brightin the @&l line-wing. Since a images (see Fi§._23). The formation of the sunspot is not com-
distinct moving wavefront is not visible, it remains unalédhe pletely clear, since it appeared for the first time on August 1
bright fibrils are really moving or whether we only see vasou2006 on the extreme eastern limb of the Sun, but it seems that
fibrils flashing at diferent times that mislead the LCT algorithmit was formed by a merger of two spots of the same polarity.
The two spots (represented by the two large umbrae visible in
Fig.[) achieved closest proximity around August 12, 2006 an
started to re-split (and decay) in the following days urtiiy
The observed disturbed penumbral region of the trailing spo were completely separated on August 16, 2006. The observed
the bipolar active region NOAA 10904 shows an extremely comrossing of penumbral branches of opposite polarity mitgrhs
plex magnetic field and flow configuration in the photosphefeom the penetration of the penumbra of one spot into thatef t
and a hardly less complex structure of idd fibrils, which other one during the merger of the two spots. This penetratio
represent the lower chromosphere. Summarising the dedsctimight also drive the emergence of reversed polarity magneti

5. Discussions and conclusions
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Fig. 21. Evolution of penumbral branch P1 at the onset of the flare JFB@per panels: contrast-enhanced G-continuum images.
Dark structures are crossing the dark-cored penumbralditasnarrows define reference positions). Bright remnadragiecaying
penumbral filament are marked by circles. Lower panels:rasttenhanced GeH line-core images and and the corresponding
Doppler map (lower right panel) scaled to values betwgeg = —1.5km s (white) andv_os = 1 km s (black). The overplotted
line shows the magnetic neutral linB,(= 0) at 8:44:40UT. The location of this subregion is markechwihite boxes in Fig$.]1
and 4. Time labels are given in UT.

flux during the flare eruption. The eruption even might be-trighey are some kind of dense matter crossing the filament®in th
gered by this flux emergence. This interpretation is suggortupper photosphere. They are also visible, although much les
by several B-class events in the considered active regign haonspicuous, in the GaeH line-wing images. It is hard to decide
ing been registered by the GOEXI instrument within several whether these structures are related to the triggering amésim
hours before and after the one discussed here. Howeveoythis of the flare. More likely, they are an early manifestationhaf t
with magnitude B7.8 was by far the strongest one. The modelftdre eruption.

a restructuring of the intersecting penumbral magnetidsie, The entire analysed disturbed penumbral region is condecte
furthermore, supported by a single penumbral filament aign, i, tast motions. Most strikingly, we found strong photheic

with the magnetic neutral line of one of the mverse—po}as_t Doppler shifts that correspond to velocities of up to 7kms
lands (see Fid. 21) slowly decaying from about 20 min prior tphese motions are most likely Evershed flows which achieve
the flare eruption on. Its last visible remnants dissappeails  ieir maximum speeds close to the onset points of the flage eru
taneously with the onset of the flare. tion. At these points, convergence centres of the horitfintes
Based on these results the actual triggering mechanism mhave also been detected and the magnetic fields show conspic-
also be searched in the dynamics of the regions of the imterseious discontinuities. Therefore, we speculate that therset-
ing penumbrae. However, the pre-flare dynamics of thesemegi tion of penumbrae may lead to a contraction of their intexthc
only show a few conspicuous features. One of these featsireblianches at certain points which accelerates the Evershesl fl
a fast-moving cloud visible in the GaH line-core images (see Several penumbral grains located in close proximity to the c
Fig.[20). This cloud crosses the point of the flare onset (an iwergence centres (see e.g. [Fig. 8) also move with unusughy h
tersection of two branches of @& fibrils) approximately one speeds, which may or may not support our hypothesis. Fast and
minute before the onset of the flare. The trajectory of thasidl even supersonic flows in confined penumbral regions clogeto t
motion is co-spatial with the decaying penumbral filament lanagnetic neutral lines iftspots were already found by Martinez
cated at the neutral line of the magnetic island. We also findPillet et al. (1994) and Lites et al. (2002), while evidentsw
strongly sheared magnetic field configuration along thignaéu personic Evershed flow in normal penumbrae has been provided
line. This conjuncture of events suggests a close conmeeiib by Borrero et al. (2005) and Bellot Rubio et al. (2007).

the flare onset. Fast motions were also detected in the chromosphere and
Other features are tiny dark structures crossing the brigheper photosphere. Apart from a fast moving cloud visible in

heads of dark-cored penumbral filaments. These hitherto tihe CarH line-core images (see above), we found several bright

known phenomena are also located close to the previously mégatures flashing up in the @& line-wing images. The simplest

tioned magnetic neutral line below the crossing of two bhasc explanation for these flashes is a strong blueshift of the I€a

of Can H fibrils. While the event takes place, the fibrils are aline in these regions. The line-wing images were obtained ap

ready starting to increase their intensity at a distanceboia proximately 0.6 A out of the line centre. This value corrasg®

one arcsecond from the event. The dark structures leave thdlueshifts of 45kms. We may, therefore, assume velocities

penumbral filaments unmodified. Therefore, we assume tluditseveral 16ms™. Beside these flashes, the only feature visi-
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Magnetic Neutral Line

Inverse Polarity Islands —> <

Fig. 22. Schematic drawing of the disturbed penumbral region dufiegnset of the flare. Thick lines denote photospheric penum
bral fibrils (colours of the dierent branches are identical with those in Eig. 2; arrowidate the magnetic field direction); thin
coloured lines denote chromospherici fibrils; black contours mark the magnetic neutral line (Jrand the small umbra U3
(thick). The islands of inversB, are displayed as thick dark-green contours. The flare oegitns are located close to intersection
of P1 and P2 (FR1) and at the connection area of P1 and P4 (FR2).

ble in the CarH line-wing and related to the flare, which last®orrero, 3.M., Lagg, A., Solanki, S.K., & Collados, M. 200%&A, 436, 333
longer than a few images, is the outgoing brightness frort ofBovelet, B. & Wiehr, E. 2003, A&A, 412, 249

rapidly expanding branch of loop-like @& fibrils. The front,

visible in the line-wing, might be assumed to correspondo t 4,

footpoints of the loop-like structures. There the chronhesc
magnetic field lines should be mainly vertical which is cetesnt
with fast upflows.
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Fig. 24. Full field of viw of the Car H observations. The image shows the sunspot and the flarirgnrag9:58 UT which is about
one hour after the flare eruption.
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