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Abstract. We present new results from the coordinated observations between the THEMIS telescope (in the multi-line
spectropolarimetric mode) and Michelson Doppler Imager (MDI) on SOHO obtained in November 2000 for active re-
gion NOAA 9236 which was the source of several X-class flares. The goal of these observations was twofold: to verify
MDI measurements of the line-of-sight components of flow velocity and magnetic field, and to obtain more information about
the photospheric flows and magnetic fields in flaring regions. Using the simultaneous observational data in several lines we have
analyzed the structure and dynamics of this active region at the photospheric level before and after a X4.0 flare of November 26,
the last major flare produced by this very active region. Vector magnetic field maps are computed from the THEMIS data by
full inversion of the Stokes line profiles. In the Doppler velocity maps from THEMIS and MDI, we observe fast photospheric
flows which appear to be supersonic in two regions located close to the region where the flare occurred. These flows seem to
be long-lived (several hours at least). In one position, we observe a supersonic downflow strongly inclined with respect to the
vertical (by 52%), while in another position, a flow suggesting a strong shear with a supersonic component as well, although
almost horizontal upflows and downflows cannot be ruled out in that case. These flows seem to be present at least 8 hours before
the flare, and the amplitude in the second case appeared to be modified during the flare, especially, during the first minutes.
In the MDI data, we observed strong permanent changes of the longitudinal magnetic flux, associated with the flare. The role
of the strong flows and their interaction with the magnetic field in the development of the active region and the flare is not
understood yet.
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1. Introduction and magnetic fields in the mechanism of solar flares is still not

understood.
Observations of photospheric magnetic fields and flows as wel . .
The space observations from Michelson Doppler Imager

as plasma thermodynamic properties in flaring active regions
P y brop d g DI) on SOHO (Scherrer et al. 1995) provide an unique

are important for understanding the mechanisms of energy stor- tunitv to study the struct q i f the LOS
age and release. Despite the long history, these observatgpgortunity to study the structure and variations ot the

have not produced a clear picture of the flare processes in Eﬂ%gne“.c field and TIOWS n f'f”“.e regions. Howev_er, t_he LOS
photosphere. Severny (1958) first discovered that solar ﬂal%@rmanon from a single I|_ne IS '”ﬁ'c'e.”t for physical inter-

tend to occur in the vicinity of neutral lines separating regiorPgetat'on of these observations (Kos_owchev& Zharkova 2001.)'
with opposite polarities of the line-of-sight (LOS) magneti@‘lso’ the MDI mgasuremen.ts, obtained from a sequence of fil-
field components, and where the field gradient is particula grams taken in four positions across the spectral line, suf-

from saturation in the case of strong flow velocity and
strong (of the order of 1 &m). Martres & Soru-Escaut (1977)'¢" :
9( m) ( )flg*d strength, and also may be noffstiently accurate when

argued that flares were often associated with the neutral line id ch the a f nut I Theref it
the line-of-sight velocity. Several observers found significa pid changes, on the a few minute scale, occur. Theretore, 1tis
Lghly desirable to combine the MDI data with spectral ground-

upflows in the photosphere prior some flares (e.g. Yoshim . :
etal. 1971; Harvey & Harvey 1976). More recent observatio gsed observations of solar flare. In this paper, we report about
’ e of the first attempts of such coordinated observations which

(Keil et al. 1994) revealed strong horizontal and shearing flof8 . . :
near flare kernels. However, the role of the photospheric floW§"® carried as a part of the SOHO Joint Observing Programs.
We have performed spectropolarimetric observations of

Send gprint requests toN. Meunier, a flaring active region at the photospheric level using the
e-mail:meunier@agn.obs-mip. fr THEMIS telescope. Our objective is to describe the complex
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topology of this active region by using vector magnetic fieltable 1. Characteristics of THEMIS observations: Set 1 is
measurements, investigate mass flows, and study the variatig®s! 6302.1 A and 63025 A, Fe | 5576.1 A, Ni | 6767.8 A],
of magnetic field and flows, associated with a strong flare. \&&t 2 is [Fe | 6302.1 A and 6302.5 A, Ni | 6767.8 A, Fe | 5635.8
also study the spectral characteristics in the flare region, affed 5634.0 A]. The indicated time corresponds to the starting time
particularly, unusuaV and Q Stokes spectra. The outline of°f the observation. scanmeans that the whole region has been ob-
this paper is the following. In Sect. 2 we describe the COosr(_erved. Theixed position corresponds to the slit positioned as indi-

dinated THEMIS and MDI observations on SOHO, as weﬁated n Fig. 2.
as also additional bk observations obtained at the CU Cesce -

L . ) . Date Time Length Type Wavelength
Station in Argentina. The processing of THEMIS data is de - .

ibed in Sect. 3. In this paper we use the multi-line capabil- 25 Nov. 2000 8:34 29 min scan set1
scr - O 26 Nov. 2000 824  29min  scan set1

ities of THEMIS mostly to confirm that the strong flows we 26 Nov. 2000 17:20 12 min  fixed set 2

observe are not an observational bias. The precise compati=

son between the flerent wavelengths will be the subject of _ o o
a future paper. Analysis of the results is made in Sect. 4: \%ble 2. Spectral line characteristics for the wavelength used in this
describe the general evolution of the region and then empﬁg_per. Lande factors are courtesy of J.-F. Donati. The line formation

size the strong flows which are observed in both THEMIS ah ights above the photospheric level are computed from the LTE re-

MDI d Th | ized and di a;se functions at the disk center for the atmosphere model VAL-C
ata. These new results are summarized and discusge uschmann, private communication).

in Sect. 5.
Wavelength (A) Landfactor Formation height
2. Observations 6302.5 2.487 281 km
o . 6301.5 1.669 400 km
2.1. THEMIS: Multi-line spectropolarimetry 6767.8 1.426 374 km
. . - 5635.8 0.677 153 km
Observations were performed using the multi-line spectropo- 5634.0 1.495 29 km

larimetric mode (MTR) of THEMIS telescope. This mode,
described by Paletou & Molodij (2000), allows simultaneous
| +Stokes and —Stokes observations. The field of view was ) ) ) )
~110 arcsec in the direction along the 0.5 arcsec wide slit. \WBYSical quantity for which the response functions are com-
observed sequences of Stokes parame@rsQ, U, V] to al- puted. Therefore it is important to compare line formation
low for a beam exchange analysis. It too& s to record such a N€ights with computations made in similar conditions, as
sequence on 6 cameras (3 spectral domains). In this paper]%able 2. One should also keep in mind that these line forma-

focus on three observations of active region NOAA 9236, thi" heights are averaged over a larger distribution and there-
are summarized in Table 1. fore provide only an approximation.

The two scans of this region were performed with a step
of 0.8 arcsec and the time exposure of 800 ms. The firsto. MDI/SOHO: Full-disk magnetograms
scan was made during a better seeing period (in the range gpq Dopplergrams
of 1-2 arcsec). The angle between the normal to the solar sur-
face and the line-of-sight was41° at the center of the region The THEMIS observations were coordinated with MBOHO
(on Nov. 26). In addition, spectropolarimetric observations ataservations, which provide maps of the line-of-sight com-
fixed position were carried out near the end of thedtnission ponent of the magnetic and velocity fields (Scherrer et al.
of the X4.0 flare occurring between 16:38 and 17:32 on Nov. 2695). The MDI observations are made in the Ni | 6767.8 A
(see Fig. 1). The exposure time was 600 ms. During these gpectral line, which was also used for THEMIS observations
servations, the Sun was rather low, abduaBove the horizon, (see Table 2). We used MDI in the full-disk mode (FD)
and the seeing was poorer (several arcseconds). from Nov. 26 (8:00) to Nov. 26 (24:00), with a temporal ca-
In all cases, the flat-field measurements were made using'@mce of 1 min (the pixel size is 2 arcsec). The observed active
elliptical motion of the telescope in a quiet region around digRgion has been tracked to remove the displacement caused by
center. The slit was oriented toward the celestial North. TRelar rotation.
spectral resolution was between 18.5 and 22.8 mA per pixel
depending on the wavele_ngth. . : 2.3. OAFA: Full disk Ha images
The line characteristics are described in Table 2.
The Fe | 6301.5 and 6302.5 A lines have characteristi¢de have analyzed & full-disk images obtained with
only slightly different from the Ni line, but the 5635.8the Hx telescope from the CU Cesco Station at the
and 5634.0 A lines are formed much deeper in the photosphéservatorio Astroorico Felix Aguilar (OAFA) in Argentina
One should note that other values for the line formation heigh¢tween 16:00 and 18:00 UT on Nov. 26, 2000. The data
have been published, for example the value~@D0 km for are available with a temporal cadence of approximately 12 s
the Ni | 6767.8 A line by Jones (1989). Thefférence be- and a relatively low spatial resolution, significantly lower
tween this last computation and the results of Table 2 could ten 2.1 arcsec defined by the pixel size. The intensity level
due to slightly dfferent computation method, in particular theeached a saturation level in the flare region. Unfortunately



N. Meunier and A. Kosovichev: Fast photospheric flows and magnetic fields 543

e

Table 3. Polarization phase versus wavelength for the analyzer plates
(Characteristics and code kindly provided by F. Paletou).

Wavelength (A) Phase (degrees)
5576 93.18
5636 92.95
6302 89.71
6768 86.99

beam exchange was possible for one Stokes parameter only,

see Sect. 2.1).

. (iv) Crosstalk correctionsAlthough THEMIS is a polar-

————————————— ization free instrument, the quarter wave plates are not perfect

» . T for all wavelengths, and the polarization phase can fiéy

0 5 10 15 20 several degrees (see Table 3). The amplitude of the crosstalks
Time (hours) reaches a few percents for some of our wavelengths.

(v) Zero correctionsDue to the problem of “co-spatiality”

GOES 1—-8A Flux (W/m?)

:-*---------4

Fig. 1. GOES X-ray flux in the range 1-8 A for Nov. 26, 2000. The fir . . - L i
flare (from 2:47 to 3:20 UT) is an M2.2 flare with a total energy N4%etween the two slits described in more detail in the next sec

107t J and is located around latitude®18nd longitude 30while the tion, the simultaneous spectra lo#Stokes and —.S.tokes (see
second one (from 16:34 to 16:56) is a X4.0 class flare with a toéPCt' 2.1) do not correspond to t.he Same pOS|t|0n_ on the Sun.
energy 10 times larger and is located around latitude a8l lon- AS @ consequence there are residuals in the continuum of the
gitude 38. The thick vertical dashed line indicates the time of th&tokes spectra, especially in theprofiles. This represents a
THEMIS scan (Nov. 26, 8:24) and the thin dashed line shows the tifaéoblem for inversions. Therefore, we have subtracted the ob-
of the fixed position THEMIS observation (Nov. 26, 17:20). The thickserved zero from the data, modulated by tiofile.

ness of these lines is proportional to the duration of the observation. (vi) Line-of-sight components computatidiaps of LOS

The duration of ki flares are indicated by 2 small horizontal linesmagnetic and velocity fields are obtained using the center-of-
The long horizontal dotted-dashed line corresponds to the MDI Obsﬁf'avity method (Rees & Rayrole 1979) applied to the V
vations used in this paper. spectra. Results are shown in Fig. 2 for the two scans of the

region.
10 min of the Hr data simultaneous with our THEMIS obser- (Vi) Vector magnetic field computatiofhis is performed
vations were lost because of clouds (Nov. 26, 17:20). over the whole field of view using a computer code kindly

provided by T. Metcalf. This code, described byffdges

et al. (1989), is routinely used at the Mees Observatory
3. THEMIS data processing (University of Hawaii) for preliminary data reduction of the
Haleakala Stokes Polarimeter data. It is based on the weak-
field approximation and does not perform a full inversion.
The main steps of the THEMIS data analysis are the followinghe 180-ambiguity of the azimuth is solved using the same

(i) Flat-field and line curvature correctiarFor each Stokes code (see, e.g. Canfield et al. 1993), as well as the projection
parameter of the averaged flat-field, we compute the spectfdiécts. The maps are very similar for the Ni and Fe lines. Afull
line curvature. After a correction of the curvature, a mean speversion of the interesting profiles has also been performed us-
tral profile is computed. The flat-field images are normalized lryg the inversion code described in Fruttiger (2000). This code
this profile to remove the spectral signatures and shifted bawlows to consider models with any number of structural com-
to the initial line curvature. The scan spectra are corrected fmnents (magnetic or not) and takes into account variation of
the flat-field before the curvature correction, which is then paehe model parameters with height.
formed using the curvature values computed for the flat-field.

(i) Shift in x (v_vavele_ngth) ang (spa}tlal) Thg shift in 3.2 Main limitations
wavelength x coordinate) is computed using a profile averaged
over each spectrum. A cut in the slit direction averaged over thé&e summarize here some limitations of our THEMIS obser-
continuum is used to compute the spatial shjftordinate). vations in addition to the crosstalks and zero corrections men-
For these calculations we use a cross-correlation of the grationed above (some of them are discussedtydz Ariste et al.
lation signal. 2000):

(i) Beam exchange computatioiWe compute the Stokes (i) Cospatiality The polarimeter is followed by a calcite
parameters using the beam exchange technique: S@kes beam splitter and two slits to allow the simultaneous analysis
computed separately for each optical path using two speatfal +Stokes and —Stokes (see Sect. 2.1). As a consequence,
taken at a dferent time, and, then, the two resultiGgspec- the two slits must be adjusted with great precision to allow
tra are averaged. For StokesandV, the technique is simi- observations of the same position on the Sun. Unfortunately,
lar except that th€ measurements are also used, i.e. we netids did not work well during these observations; there was a
3 spectra for each optical path (during our observations ttigference of 0.23 arcsec between the two beams, because the

3.1. Stokes parameter computation
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Fig. 2. Maps of continuum intensitytg¢p), line-of-sight magnetic fieldfiddle and velocity potton) observed with THEMIS using the Ni line,
for Nov. 25 (8:34 UT) and Nov. 26 (8:24 UT) scans. The vertical line shows the approximate position of the slit during the fixed position
the time of the flare. The cross corresponds to the plot in Fig. 10 (left). The top corresponds to the celestial North.

instrument configuration did not allow a good precision for this  (vii) Atmospheric refractionThe various wavelengths are
adjustment. This problem and its influence on spectropolasbserved simultaneously with THEMIS. However, because
metric precision are discussed by Meunier et al. (2002). of the atmospheric refraction, the observations are not at
(i) Image motion and seein@here is no image stabiliza-the same position on the solar surface. If the slit is per-
tion in the telescope. The actual spatial resolution for the fixgendicular to the horizon, a shift along the slit isffsu
position spectra after averaging is of the order of 1.5to 2 arcset@nt to correct for this problem, with only a small loss in
The scan spectra have a better spatial resolution, but strorifjerfield-of-view. However, if the slit is not perpendicular to
contaminated by Doppler residuals (no averaging is done). the horizon (and this was the case for these observations, es-
(v) Absolute wavelengtiThere is no absolute wavelengttpecially for the flare data obtained at 17:20), then the inter-
calibration. Therefore, the zero level of the longitudinal velogretation becomes morefficult. For example, for our flare
ity is not known precisely (an uncertainty of 100 to 200Th s observations, the 56353634.0 A lines correspond to a po-
is likely). Furthermore, the spectra between the two paths hajon more than 1 arcsec away from the 6767.8 A line, with
to be shifted as well as each image of a series for a given ptth 6301.86302.5 A lines in between.
because a trend with time is observed. The presence of mag-Other limitations are due to magnification and focu$eat
netic field introduces some noise in this computation, and tldaces (the adjustments are made with a precision of 0.5% for
is taken into account in the data reduction. the magnification for example) and to uncertainties in pixel size
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calibrations. They can limit the precise comparison betweanregion 3, although the increase was more gradual in the lat-

wavelengths. ter. On the other hand, the negative flux was decreasing mostly
in region 3.
4. Results We note that a strong variation of the magnetic field in

one pixel could correspond to flux emergence, flux cancella-
4.1. General description of the evolution of AR 9236 tion, or motions of magnetic structures (or of the neutral line).

o I . Because MDI measures only the line-of-sight component of
Thqgf)bser;/gd rzgmn, '"lé.StLated Ln Ft'g 2 (THIEMI.S) "’T”Ut'hF'g- e magnetic field, the observed variation could also be caused
( .) contained a roundish spot with an extension in the agy changes of the inclination of the magnetic field lines. In
proximate direction towards th?.d'Sk cer_1ter. It ha_d magneggme cases, the slow change of the line-of-sight flux could
type_,By. The_spot was ofthe posmve (!eadmg) polarlty. The OR5e caused by solar rotation. For instance, the relative changes
posite polarity region (following polarity) constituted of plage f the whole-region flux, shown in top panels of Fig. 5, be-
only and is not visible on these maps (it is located East to t ! ,

) 0 e the flare,dlog|Bl/dt] ~ 2 x 10°® s°%, are comparable
observed region). On Nov. 22, some small spots of opposite R%h the maxir|nurr?|cr|1{ange of 2x 10 51 due to tr?e pro-

larity appeared West of the large spot. The location of emeggction dfect. However, in the case of region 2 (middle left

N9 mggnehc flux of the opposite polarlty_ moved_later towa anelin Fig. b), the flux decrease rate before the flare was much
South: on Nov. 25 and Nov. 26, the opposite polarity spots w éﬁonger,zl.z « 105 51, and must be related to changes in the

located .mainly South to the main spot. Th.is region has be gnetic field structure in the flaring region.
very active over 3 days, Nov. 24-26, producing big flares on the
last day of this run. Most of these large flares produced CMEs. |n addition, MDI observations of the line-of-sight magnetic

In this paper, we concentrate on the evolution of the regid!ds, which are obtained from nine filtergrams taken with 3-s
on Nov. 26 during 16 hours starting at 8:00 UT, and on the flaf@dence, can beffacted by rapid variations of the line pro-
which started at 16:38 UT inddintensity (see Fig. 1). Figure 4file and intensity due to the photospheric h_ea_tl_ng in the region
shows contours of the dintensity shortly after the beginning©f the flare. However, thesefects can be significant only for
of the flare superimposed on the maps of magnetic and yapid transient variations in the MDI signals. C_Iearly, the per-
locity fields from MDI (the South part of the active region)manent changes that have been observed durlng_ the flares and
The Hx emission covered a wide region with the angular siZ&Ver restored after the flares for the whole perlpd of obser-
of more than 1 arcmin and was located close to the small s¥8#ions lasting hours and days, cannot be explained by flare
of the opposite polarity and to the neutral line. It ove”appéqpatmg which does not last that long. Also,_ u_nllke tradltlor_1al
with the region where strong velocity flows of both signs af@agnetographs, MDI accounts for the variations of the line
found. In particular, the brightest part of the flare was close fgfensity that are slower than the 30-s measurement time.
the strong positive velocity flows. The variations of the mag-herefore, the permanent changes of the line-of-sight mag-
netic and velocity fields occurred mostly in these regions, BStiC signal detected by MDI certainly result from the struc-
can be seen from the rms value of the magnetic field and vel@¢:@l changes of magnetic field related to solar flares. However,
ity signals for the 16 hours of the MDI data for each CCD pixdh€ transient impulsive variations in the MDI magnetic signal
(Fig. 4). Figure 2 displays maps of the LOS components for tH&Y be_ﬁegted by the Ime-proﬂl_e variations. These |mpuIS|ve
scans made on Nov. 25 and Nov. 26, revealing completely dif@gnetic signals correlate spatially _and temporally with hard
ferent magnetic and velocity patterns South of the main spdtf@ impulses and, therefore, are likely be caused by direct
between the two observations separated by 24 hours. hits of the photosphere by high-energy particles (Kosovichev &

More details of the evolution of the line-of-sight magneti€harkova 2001). Whether thesfeets are mostly of the ther-
flux are shown in Fig. 5 separately for positive and negative p@_al or electromagnetic nature is not known_yet. S_lmulatlons
larities for selected regions. For the whole active region shoh the MDI measurements for some of the impulsive events
in Fig. 3 (which includes the main spot with surrounding og2uPlished by Kosovichev & Zharkova (2001) showed that the
posite polarity small spots), the positive magnetic flux was d&iermal éfects can be responsible only for a relatively small
creasing steadily starting at least 8 hours before the flare, wiRgtion of the observed variations. We note that a detailed dis-
the negative magnetic flux was slowly increasing. cussion of theseffects is beyond the scope of our paper; a com-

At the time of the flare, a sharp increase of the positi\%ete interpretation requires high-cadence observations of the

magnetic flux by 18" Mx is observed during at least 1 hour_Stokes profiles of the Ni | 6767.8 A line for such events, which

The flux continued to vary after the end of the flare. The nefjl€ Nt yet available.

ative flux, however, decreased abruptly at the beginning of the In the next section, we will investigate in detail two small
flare by 05 x 10?* Mx, and then continued to decrease monegions of interest defined in Fig. 4, as regions 2 and 3. These
slowly. In region 1, we observe a similar evolution at the timegions are characterized by strongest variations of magnetic
of the flare, which is consistent with the fact that most of théelds and the largest velocity flows, and also showed the most
evolution related to the flare occurred in this region. Howevanusual Stokes profiles in the THEMIS data. Region 2 exhibits
most of the variation observed before the flare in the whadestrong stationary downflow (positive) velocity flow (corre-
active region occurred somewhere else because the flux wpending to redshift of the spectral line), while strong flows,
quite constant in region 1 before the flare. A third of the posdirected both up and down, are observed in region 3, especially
itive flux increase was observed in region 2, and another thatithe time of the flare.
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Fig. 3. MDI line-of-sight magnetic fieldléft, in G) and velocity fieldight, in ms') at four diferent timesffom top to bottorj1 10:00, 15:38
(one hour before the beginning of thexflare), 19:02 £1.5 hour after the end of thedlare), and 24:00 UT (Nov. 26, 2000).
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Fig. 4. Top Map of the line-of-sight magnetic field componeletf(, in G) and Doppler velocity fieldight, in m s) observed by MDI (Nov. 26,

2000, 8:00 UT). Boxes indicate regions that are investigated in detail in the paper. Positive velocity is redshifted (shown in light color). The
images have been rotated to match the orientation of THEMIS kidialle: Same maps, with contours of the rms magnetic fikdfi, solid line

100 G, dashed line 200 G) and velocity fiefiybit, solid line 300 ms!, dashed line 500 nT8) in each pixel Bottom Map of the line-of-sight
components of magnetic fieltet, in G) and velocity field fight, in m s'1) observed with MDI at 16:46 UT (i.e. close to the beginning of the
flare) on a smaller field of view, on which are superimposed severahténsity contours from 3500 to 6700 ADU (Analog Digit Unit).

4.2. Analysis of region 2 (redshifted), clearly visible in the Stok¥sspectrum shown in
Fig. 6. This figure also shows the location of this region, which
corresponds to the relatively large flows observed in MDI
A very interesting feature in the Nov. 26 scan of the réegion 2 in Fig. 7 at the same time (around 1400-f).s
gion made by THEMIS (Fig. 2) is a very strong downflowlowever, the signal observed in the THEMIS data correspond

4.2.1. Observation of a supersonic flow
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Fig. 5. Top plots(four rows): Positiveléft) and negativer{ght) magnetic flux in diferent regions of the field of view (numbers refer to regions
defined in Fig. 4). The vertical dashed line marks the beginning of thfldfe. The dotted line correspond to one hour before the beginning
of the Hx flare and to 1.5 hour after its end. The arrows indicate that the region has been observed with THEMIS at that time. The projec
effects are smalBottom GOES X-ray flux in the range 1-8 A for comparison (same as Fig. 1).
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4.2.2. Inversion and magnetic topology of region 2

From the THEMIS Stokes spectra, we compute vector mag-
netic fields using the weak-field method described in Sect. 3.1.
The results are shown in Fig. 8. The average inclination (in the
local frame of reference) in the strong flow zone is,54nd,
therefore, the field lines are significantly inclined with respect
to the vertical (0) in this zone. If the flow is following the mag-
netic field then these supersonic flows are also inclined with
respect to the vertical. Note that even without the knowledge
of the inclination, we can conclude that these flows are su-
personic. The azimuth is in the range {460°] (i.e. the field
0 20 40 GXOWCSEC) 80 100 120 line are approximately in the North direction). We have also
performed full inversion of Stokes profiles in that region, us-
ing two magnetic components (in addition to one non-magnetic
0.06} 41 component). We did not include any depth-dependence except
[ 1 for the temperature as it did not improve our fits significantly.
The polarity of the shifted component has the sign of the main
polarity in the region. We find dlierences in the inclination for
the two magnetic components in the rang8(°, 30°] and dif-
ferences in azimuths between 0 af80°. This means that the
region exhibits a complex magnetic topology.
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20 4.2.3. Temporal evolution of the flow
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. oosb ... .1 We were able to obtain only one spectropolarimetric obser-
600 0 600 ~1000 ~500 0 500 oo vation of this strong flow with THEMIS. The scan made
tHovetength (m) Hovetenth () the day before did not show any similar behavior. Therefore,
Fig. 6. Contours {op) show regions where the amplitude of Stokés the THEMIS observations alone do not tell us anything about
is large at~300 mA from the line center (at zero LOS velocity), superthe temporal characteristic of this supersonic flow. However,
imposed on a map of LOS velocity field (Ni line) made at THEMIShe strong redshifted flow observed by MDI at the same lo-
on Nov. 26 (8:24 UT). Note that in the center of the spot, the strugxtion (Fig. 7) and at the same time corresponds to the same
tures correspond to some Zeeman signal due to some weak Iinesfrgﬁ, (although, of course, it is underestimated due to the

are mainly interested in the region pointed by the arrow. An exam ] . .
of V spectra (positiorx = 105 arcsec) across this region is shown a DI magnetograph-type technique). This flow, of the order

1 y . L
the bottom left A cut throughV around positiory = 40 arcsec shows 0f 1400 ms”, is remaining until the beginning of the flare as

an abnormal profiledottom righy. Heliographic North is-18 CCW shown in Fig. 7 (top-right of the figure). The s_trong flow ob-
from the top. served after the flare may correspond to fiesiént structure

since this flow slowly decayed throughout the day, as follows
from Fig. 3. This observation suggests that the strong super-
sonic downflow observed with THEMIS is long-lived (at least
to a signal much further from the line center than could be me&ihours), and that we observed its decaying phase. Note that
sured by MDI. We can fit such a profile with an unshifted “notthere were also strong blueshifted flows in that region 1.5 hour
mal” V profile added to a strongly redshifted (10 km)s'nor-  before the flare the maximum amplitude of the negative veloc-
mal” V profile of the same polarity. The resulting LOS flow isty (blue shift), which reached a peak of almost 2 krh §his
therefore supersonic: the sound speed in the photospheric lagans that there was a very strong shear flow before the flare.
ers is about 6-7 knT$ (Kentischer & Mattig 1995). This flow
occupies a 5 2 arcseé region, and is resolved in our data. It . .
is also mostly observed in Stok®s while almost no signal is 4.3. Analysis of region 3
visible in StokesQ andU. The center-of-gravity method ap-4 3 1 | ine-of-
plied to the same THEMIS data shows a flow of only 3 kfp s
close to what is provided by MDI observations (it is largeRegion 3 (shown in Fig. 4) also exhibits strong plasma flows
by a factor two, probably due to the better spatial resolutimbserved in the MDI data. This region was observed twice with
in THEMIS observations). This feature is visible at all waveFHEMIS on Nov. 26: first, on a scan of the region made on the
lengths. A strongly redshifted signal is also seen in Stdkesmorning of Nov. 26, and, then, at the end af Hare. In this lat-
including for the 5576.1 A line. Since this line is not sensitiveer observation, the slit was at a fixed position (shown in Fig. 2)
to the magnetic field, we can rule out abnormal behavior of tdaring 12 min. THEMIS LOS magnetic and velocity fields as
magnetic field to explain these observations. Thus, this is vevgll as the continuum intensity during the last 12 min of the
likely to be due to a real strong Doppler redshift. flare are shown in Fig. 9 for the Ni line. The other wavelengths

sight magnetic and velocity fields
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Fig. 7.Minimum (left) and maximumifght) velocity in regions 2 and 3 (numbers refers to regions defined in Fig. 4) from MDI data. The vertical
dashed line marks the beginning of the Hare. The dotted line correspond to one hour before the beginning ofdHtaté and to 1.5 hour
after its end. The arrows indicate that the region has been observed with THEMIS at that time. The prafedis@ree small.
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Fig. 8. Vertical magnetic field strengthap left in G), horizontal magnetic field strengttop right, in G), azimuth pottom leftin degrees), and
inclination with respect to the verticab@ttom right in degrees) for the Nov. 26 scan made at THEMIS (8:24), after correction of theath80
biguity (see text, Sect. 3.1) and projectidiieets, using the Mees Observatory code (see text). The reference for the azimuth is shown at t
top of the plot. Thin white lines show the location of strong velocity flow® km s) corresponding to the blueshifted part of region 3. Thick
white lines show the location of a strong Stokéamplitude at~300 mA from the line center (same as Fig. 6 top with umbra signal removed),
corresponding to the strong flow in region 2.
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have a similar behavior. These data are less noisy than the dataeooo
obtained by scans, because we were able to average 125 spec-
tra together. We observe a strong negative velocity@km s
(blueshift, corresponding to upflow), which was already visible
on the Nov. 26 scan (i.e. 9 hours before). This suggests that tﬁis
is a long lived structure despite the occurrence of the flarein
that region. However we also observe a strong positive velocity

of ~1.3 kms?! which was not clearly visible on the morning>
scan. So, the region has significantly evolved over that tinig—1000
period, as can be seen in Fig. 3, which shows MDI maps at
different times. These two velocity features are located North

of the neutral line (next to the small spot of opposite polarity).
The peaks of these two flows are separated by 11 arcsec and are
quite stable during the 12 min of observations. The amplitudes-3000
of the peaks are also stable. However, some variations (tkms

over 12 min) are seen in Fig. 9 at coordinates’[4y”] along

the slit. Such variations could be related to the occurrencefdg: 9- LOS velocity field (solid line) from which the average has

the flare, and to changes observed in the MDI data after tlﬁeeen subtracted, magnetic field (dashed line) and continuum inten-
flare on t’he scale of 1 hour in region 3 sity (dotted line) along the slit from THEMIS observation made at a

fixed position on Nov. 26 (17:20 UT), using the Ni line. The small
horizontal line correspond to the position where a variation over time
is observed (see Sect. 4.3.1).
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4.3.2. Fine structure of the flows

The line-of-sight magnetic and velocity fields shown in Fig. 9
are similar for_all wavelengths of the data set. The 56350? ~5kms, and another to zero velocity. This feature is visi-
and 5634.0 A lines also show a double structure in the negda sver sev

ive velocity flow reaion. which is clearlv seen on several i eral pixels along the slit and seems to form a coher-
Ve v Iy TIow region, which 1S Y SE Sev Ment structure. These abnorn@brofiles were also observed in
dividual spectra. They are separated by a distance of 5 arc

There is probably a double structure in the positive veloci e morning scan 9 hours before, and, therefore, probably cor-

. N . spond to long-lived features. It is also very clearly visible in
flow as well, visible on some individual spectra, with asepargs . 'se24 0 and 5635.8 A lines. which are formed deeper, but

tion of 1.5 to 3 arcsec. Given the relatively poor spatial res8I’most not visible in the 6301.5 line, and not visible at all in

lution of these data, the filerence in pointing due to the atmo- : :
. . ' .. th 2.5 line. The str re of th wnflow region m
spheric refraction probably has a smdtleet. Therefore, it is the 6302.5 line. The structure of the downflow region seems

. . to be more simple, although the Stokdsprofiles are quite
likely that the more complex structure (with smaller feature% mplex P 9 P q

is due to the low formation height of these lines. . - .
From the computation of the vector magnetic field (using

. The peak-to-peak amplitude of the_velogty signal (Whicf,e first method with a single component only, see Sect. 4.2.2
!s_lndependent of the chosen zero) varies with the wavelengérﬁ:d Fig. 8) for the morning scan, we find an average inclination
it is larger for the 5635.8 and 5634.0 A lines (resp. 4.79 kin Sof the negative velocity zone of about84hat is almost hori-
and 4.58 1kmsl) apq smaller for the other wavele.:ngthaomal (90). We also obtain a similar azimuth over the whole
(4.31km s*for the Niline gnd 4.00 kmé forthe.6301.5 line). one, in the range [6070°]. If the flows are aligned with the
We exclude the 6302.5A line from this comparison because Sgnetic field, this would correspond to a strong shear since

computation of the line-of-sight velocity is less reliable due tﬂ’]e adjacent velocity components (of opposite sign) would be

the presence of a telluric Ime_across the S.h'fte.d line. The MaX|5se to horizontal and in the same direction. The inclination
mum amplitude for the negative velocity field is also Iargerf%th respect to the LOS is58° in the region of large neg-

the .5635'.8 line (3.08 k.rWé)’ and smaller for the, 6301'5_”ne'ative velocity flow, which gives amplitude of 9.4 km'sfor
Again, this diference is probably due to thefiirent height a5 kms? LOS component of flows. This is also supersonic.

formation of these lines. A MDI movie of the LOS magnetic field in the region does not

show any motion of small magnetic features that would cor-
4.3.3. Stokes profile analysis and inversion results respond to such an horizontal flow, but this could be due to

the insuficient spatial resolution. The amplitude of this flow,
The Stokes spectra for the Ni line in the region arouridtegrated over the whole time period corresponds to a large
the flare (after averaging over 125 frames, at 17:20) atistance, which may look surprising; if these observations cor-
shown in Fig. 10. Just above the LOS magnetic field reversabpond to downflows and upflows, for example, they would be
(position 8’), one can clearly see the strong negative velocityiore or less perpendicular to the magnetic field lines, which is
flows, previously seen in region 3. We also observe pecul@so puzzling. However, the observations of such flows could
Q profiles, in particular for the Ni line, as shown in Fig. 10mean that the magnetic field has unresolved filamentary struc-
A closer inspection of th€ profiles shows two componentsture allowing plasma to flow throw without disturbing the field
one that would be blueshifted corresponding to LOS velociipes.
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Q/lc

BT — microturbulence velocity seems to be larger for the blueshifted
component, but this is more uncertain.

5. Summary and discussion

—0.04 F

This paper presents new results from the first coordinated cam-
008 b paign between THEMIS (providing multiline spectropolari-
0 R etengn (% T g . 0" metric data) and MDI (providing a high temporal cadence
A — S over a long period). We have observed two peculiar flows
in AR 9236:

(i) A supersonic downflow (10 km'3 mostly visible in
Stokes V, inclined by 8Trom the vertical The redshift is also
visible in Stoked, including the spectral line not sensitive to
the magnetic field. The azimuth and inclination of this com-
L : ‘ T ponent difer from the non-shifted magnetic component and
7300 200 100 0 190 200 300 7300 200 100 0 %0 200 300 show a complex topology. This flow was observed only in the

V/ic morning data of Nov. 26, 2000, in spectropolarimetric mode
010 T T T of THEMIS, and, unfortunately, no other THEMIS measure-
ments are available. However, MDI observed this flow with re-
duced amplitude of 1.5—-2 kmis(in region 2). Since this flow
is visible in MDI data for at least 8 hours, we suggest that
this flow is a long-lived downflow which is observed during
its decaying phase. We do not have any explanation concern-
o oy e 200 3Ot ing the origin of this flow. It could originates in the previous
Wavelength (mA) Wavelength (m4) Hea flare, which ended 5 hours before, or it could be related
‘ S to the strong X-ray emission observed at that time (Fig. 1).
Unfortunately we have not been able to establish with certainty
that this strong X-ray flux is associated to this active region:
H-a images from Learmonth Observatory do not show any en-
hancement at that time in this region nor in the other large ac-
tive region present on the disk that day (AR 9240), while the
300 bbb radio flux from Nancay Observatory shows enhancements in
00 O gt (may 0 T e oy 0™ both region. Therefore, the origin of this flow is still an open

Fig. 10.Left Stokes spectra for the Ni line in the flare region (the nelﬂueStlon' We note that the decreasing magnetic fluxes, both

tral line is at the bottom of that field-of-view) on Nov. 26 (17:20 UT)POSitive and negative, from 8:00 UT up to the beginning of
The y-axis is along the slitl, is the continuum intensity. The € Hr flare are surprising because one would expect an in-

small vertical line on Stoke¥ indicates the position of the strongCrease in magnetic flux from a strong downflow (however, no
blueshifted flowRight Stokes spectra at the position indicated by theonverging pattern is visible either).
dotted line on the spectra on the left, where some unu@uabfiles (ii) A strong blueshifted flow adjacent to a strong redshifted
are observed. The location of this cut is also shown in Fig. 2. flow, next to the neutral lind=or the same reasons than for the
flow above, MDI data (region 3) suggest that this is a rather
long-lived structures. Furthermore, THEMIS provided two ob-
The full inversion using two magnetic components (in adervations of this flow, 9 hours apart, which also suggest that
dition to the non-magnetic component) has been performedtiis was long-lived, although the global configuration of the
multaneously for separate wavelengths, using the Ni line ah@®S velocity field changed significantly over the day. If we
the 6302.%301.5 A lines and assuming that there is no depthake the assumption that these flows follow magnetic field
dependence (except for the temperature). These lines give dines, the magnetic topology of the region deduced from the in-
ilar results. After correction for the projectioritects (incli- version of the Stokes parameters observed with THEMIS sug-
nation) we find flows that are supersonic over the distangests that these flows are close to horizontal and in the same
of 2-3 arcsec, the maximum flow being 7.7 knmh.sThe po- direction, which can be interpreted as a horizontal shear, with
larity of both magnetic components is the same than the maine of the component (the blueshifted one) being supersonic
polarity. There is no dference in azimuth between the twmver 2-3 arcsec. A shear of such amplitude has not been ob-
magnetic components (although the azimuthedifrom the served before in the photosphere. We cannot rule out a down-
previous computation by30°). However the inclinations for flow (adjacent to an upflow) that would be almost horizontal
the two magnetic components are quitéfetient and dfer instead of a shear, since the field lines are not strictly hori-
by ~36° from each other. The errorbars for the inclinationsontal. The initial existence of this strong flow may be un-
and azimuths are of the order of 1-2 degrees. They haedated to the flare. However, the redshifted component in-
similar filling factors (0.4) and similar magnetic fields. Thereased by 800 nt$§ after the flare on the long time scale.
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Therefore, this flow was influenced by the flare occurring i work in progress. Note that the line profile inversions with
the region, and might play important role in the MHD proa depth dependence did not improve the fit; therefore, iffis di
cess of restructuring of the magnetic configuration during thalt at this point to conclude if the flierences for the dierent
flare. The kinetic energy density of the flows was comparabavelengths are due to strong vertical or horizontal gradients.
with the magnetic energy density. Also, the changes of théske would also like to point out that we observed very interest-
guantities during the flare are also of the same order of magg features in Stokes spectra provided by the Ni line as well
nitude. Preliminary Stokes profile inversions show that the sas with lines with a small Lande factor, and that the inversion
personic component has an azimuth similar to the non-shiftesing the Fe lines and the Ni line gave similar results.
component but a elierent LOS inclination, suggesting a com-

plex topology as well. THEMIS observations also show that

g}li_ﬂ?c))vglrggeescents some fine structures with scales in the ra ring the THEMIS observations, J. Arnaud for his help with the

i in the oh h h b b (ﬂstaprocessing and fruitful discussions, T. Metcalf for providing some
Supersonic flows in the photosphere have been observe des to compute the vector magnetic fields. We also thank S. Solanki

very few observers so far. Martinez Pillet et al. (1994) observggy a_ Lagg for providing their inversion code and for taking some
supersonic downflows in&type spot at the location of polar-time to explain to us how to use it. We thank K. Puschmann who kindly
ity inversion, which they claim has nothing to do with a recorprovided the line formation depths of Table 2. The THEMIS tele-
nection process because it is long-lived (more than 3 hours)ope is operated on the Tenerife island by CNRS-CNR in the Spanish
the polarity of the shifted component is the same than the g@bservatorio del teide of the Instituto de Astsifa de Canarias.
larity of the non shifted component or opposite depending &PHO is a mission of international cooperation between the European
the pixel. del Toro Iniesta et al. (2001) also observed a spRace Agency (ESA) and NASA. This study is also based eniata
personic downflow in the penumbra of a simple sunspot L&Qtalned at OAFA (El Leonqlto, San Juan, Argent!na) in the frame-
ing high resolution observations and a full inversion methof©'k of the German-Argentinean HASTMICA Project, a collab-
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the unshifted Clomponents. Our fe.atures are alffergint from Atmospheric Administration). Trips to Stanford were financed by the
mustaches which are very short-lived structures (5-10 min) g§sT (Programme National Soleil-Terre).

well as from Ellerman bombs (1-2 arcsec features). Our ob-

servations were made infiBrent conditions and the features

have diterent characteristics (very inclined flows one case, afi¢ferences

different polarity properties). The supersonic flows are prob@anfield, C., de La Beaujatie, J.-F., Fan, Y., et al. 1993, ApJ, 411,

bly long-lived (8 hours at least), and the second one is mod- 363

ified at (or around) the time of the flare. Strong downflowsel Toro Iniesta, J. C., Bellot Rubio, L. R., & Collados, M. 2001, ApJ,

and upflows have also been observed by Sigwarth (2001), with 549, L139

StokesV profiles similar to ours with strongly shifted compo#ruttiger, C. 2000, Inversion of Zeeman Split Stokes Profiles,
nents (implying supersonic velocities) of either the same polar- Ph.D. Thesis

ity or opposite polarities. His observations are associated witgvey: K. L., & Harvey, J. W. 1976, Sol. Phys., 47, 233

flux emergence and are interpreted as redshifted preshock 3@g"es: J-» Lites, B. W., & Skumanich, A. 1989, ApJ, 343, 920
Jones, H. 1989, Sol. Phys., 120, 211

blu?fhlﬁ?g postshock prpflletf]. £l f h litude h Keil, S. L., Balasubramaniam, K. S., Bernasconi, P., Smaldone,
could seem surprising that lows of such amplitude have | A., & Cauzzi, G. 1994, 14th NS@acramento Peak Summer

been ra_rely o_bserved be_fore at the photosphe_ric level, but SPEC\orkshop, ASP Conf. Ser., 68, 265

tropolarimetric observations of solar flares using spectral linggntischer, T. J., & Mattig, W. 1995, A&A, 300, 539

formed in the photosphere are not very common, which makgsovichev, A. G., & Zharkova, V. V. 2001, ApJ, 550, L105

these new results very important. The origin of these strongpez Ariste, A., Rayrole, J., & Semel, M. 2000, A&AS, 142, 137

flows is not clear at this stage, and would request more obddgdtinez Pillet, V., Lites, B. W., Skumanich, A., & Degenhardt, D.

vations in similar conditions with a better coordination with 1994, ApJ, 425, L113

chromospheric observations to see if they afeaed by the Martres, M. J., & Soru-Escaut, I. 1977, Sol. Phys., 53, 225

flare or if they are related to the triggering of the flare. Meuzné?:risNé‘) 'Aég‘;"“d' J., & Vigneau, J. 2002, Il Nuevo Cimento C,
For another improvement to this analysis, it is the necessit h N

to make robust inversions of Stokes profiles. This is critical fcl)D letou, ., & Molodij, G. 2000, 20th NgBacramento Peak Summer
. . . . . Workshop, ASP Conf. Ser., 236, 9

the interpretation. The results presented in this paper conflﬁg

. es, D., & Rayrole, J. 1979, A&A, 74, 1
the existence of a 10 km’s LOS flow for example, and Severny, A. B. 1958, Izv. Krym. Astr. Obs., 20, 22
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