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Abstract. We present Ca Il H high temporal and spatial resolution observations of active region AR10486 when found near
the solar limb obtained by the Dutch Open Telescope (DOT). This active region was also observed by the Transition Region
and Coronal Explorer (TRACE) and is the same region which some hours later produced the largest X-flare ever recorded. We
focus our study on a surge observed by DOT with a remarkable clarity and by TRACE. In TRACE images the surge could be
followed for at least 2.5 hours at almost the same place shrinking and expanding several times. From DOT images we found
outward propagating intensity disturbances. Applying a wavelet analysis we also found brightness oscillatien§ mith

and 3 min periodicities...

1. Introduction 1996) situated close to the edges of sunspot penumbrae or with

) , , newly magnetic flux emergence in close proximity to an oppo-
The solar chromosphere is the region where the switch from @f‘e polarity pre-existing flux (Yoshimura et al. 2003) and pro-

dense, matter-dominated photosphere to the tenuous corongqs’ ,ygitional evidence in support of a reconnection model.

_taki.ng place. JQSt asitis now clear that thiS_ region is of M&ich models have already been proposed (Canfield et al. 1996;
jor importance in understanding processes in the outer at@y ohama & Shibata 1996).
s

sphere, such as the solar wind and coronal heating, it seem
equally clear that it is the least understood region of the solar APart from surges several other structures are observed at
atmosphere. the quiet and active chromosphere. The network boundaries,

Mﬁich seemingly border the photospheric supergranule cells,
full of structures of diferent intensities, shapes and sizes. In a re the locus of most of the quiet chromosphere fine structures,

tive regions gas ejections are very usually observed which m pown as mottles When seenon the d'Sk.' Their most likely "”?b
S%%unterparts are spicules. In active regions one can see bright

ifest themselves as moving prominences on the limb. One t S :
of such ejections is a “surge”, which typically has the form of nd dark elongated structures similar to the dark and bright

?;:a(;%ztr gr()s)l/g::lsy(g:reveR%;rillgséc;i’sisrgzsb)h a}I\./E el))/ereer;;t]u: é?;nﬁ)tsas fibrils._ Fibrils are also called the bright and dark struc-
of up to 200 Mm, with peak velocities of 50-200 krrsand tures that give the filamentary appearance of sunspots penum-
then fade or fall back to the chromosphere, apparently along R{ge .an.d superpe_numbrae. According to Fou.kal (1971.) mpttles
trajectory of ascent (Svestka 1976; Tandberg-Hanssen 197 fibrils are S|m|lar.structures,. the Iattgr being more inclined
Schmieder et al. 1994). They typically last 10-20 min. Theya! the former relative to the line-of-sight (LOS) due to the
are evolving over a small dark mound-like region forming al ifferent inclinations of the local magnetic field.

inverted “Y” configuration. It is suggested by Kurokawa & In Tziotziou etal. (2004) we applied a wavelet analysis and
Kawai (1993) that this shape could be explained by a magnd@gind that intensity and velocity variations in dark mottles in
reconnection model. Observations show that surges are usualguiet region have a dominant period-06-6 min. The same
associated with small, changing satellite sunspots which réghaviour we found for fibrils in the periphery of a plage. 5-
resent islands of polarity reversal (Rust 1968; Canfield et &Imin oscillations in dark fibrils have also been reported by De
Pontieu et al. (2003), who, furthermore, suggested p-modes as
Send gprint requests toK. Tziotziou, their driver. To our knowledge no observations of any kind of
e-mail:K.Tziotziou@astro.uu.nl periodicities in surges have been reported so far.

The solar chromosphere is a highly inhomogeneous regi
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image sequences between 16:21:20 and 16:47:35UT in its
Can H passband. The filter was tuned to the line core at 3968 A
and has a bandwidth of 1.35A. Speckle bursts of 100 frames
each were taken at a rate of 6 framestsy a fast CCD camera.
The individual frames were speckle reconstructed (see Rutten
et al. 2004 for details) and carefully aligned yielding one recon-
structed image per burst. The final time sequence consists of 63
frames of 1140 pixelg 910 pixels with an angular resolution of
0.071"/pixel and at 25 s cadence. TRACE (Handy et al. 1999)
was also observing the same region on November 4, 2003 be-
tween 14:30:12 and 18:29:43 UT in the 1600 A and 195 A pass-
bands. The respective cadences aret3s and 43+ 13 s,
but there are some gaps of several minutes in the observations,
(however not during the DOT time sequence. TRACE images
have a field of view of 768 pixels 768 pixels and are at full
resolution (1 pixel= 0.5”). All data have been corrected for
a constant dark current, a CCD readout pedestal value of 87
Data Numbers (DN), hot pixels and radiation spikes due to cos-
mic rays, and have been co-aligned by a cross-correlation tech-
nique to correct for solar rotation and spacecraft pointing jitter.
For the co-alignment subsequences of 20 frames were aligned
to the last previously aligned frame. A % 5 pixel boxcar
smoothed running average over nine of these coarsely aligned
frames was produced, and finally each frame was aligned to
this running average. TRACE images were used for compari-
arc sec son with DOT’s images. TRACE-DOQOT co-alignment was done
Fig.1. A sample DOT Ca H filtergram illustrating the intricate Py choosing corresponding images observed almost at the same
structure of the chromosphere. The dark structures near the limb tifee (~16:40 UT) and using standard IDL solar software based
sunspots, while the bright large-scale cellular pattern at the bottomasf recognition of solar features.
the image is the chromospheric network. Sunspots, a surge and nu-
merous jet-like structures are clearly visible on the limb.

arc sec

0 10 20 30 40 50 60

3. Description of the observations

) ) The present DOT CaH observations must be included among

Apart from the diferences in scales (length, time and vgyg pegt high-resolution observations of the solar limb ever
locity) there is a strong similarity between a mottle (or spicul¢dcorded. In Fig. 1 a sample of these observations is presented.
and a surge. Both structures have a strong recurrence tendeq\cy, |ower part of the image the quiet Sun with the chro-
and often repeat themselves at apparently the same place §¢yspheric network as a bright large-scale cellular pattern is
eral imes. Moreover, they carry the signature of the underlyiRf iy seen. Several individual, round or elongated, mainly
magnetic field and are thought to be associated with magneligy i byt also dark structures are found all over the quiet so-
reconnection. It is thus possible t_hat they_are the manlfest.aqu region, usually funning out from the network in a bushlike
of the same phenomenon occurring offehent scales. In this 5 rangement. Their evolution is very complex, since they un-
context, detailed study of the dynamical evolution of individye g4 substantial changes in brightness and length with time.
ual structures is important in understanding the characteristi§Sare are several examples of structures which after fading
of the magnetic field and the nature of the physical processgsy reappear at almost the same position. An active region
which produce them. . _ is clearly visible at the top of Fig. 1. This is active region

In the following sections we report high spatial and temMxr 10486, which produced the largest X-flare ever recorded
poral resolution Ca H observations of the solar limb 0b-giaring around 19:36 UT, almost three hours later from the be-
tained by the Dutch Open Telescope (DOT). Active regiqfinning of DOT's observations. The large, dark structures near
AR10486 which some hours later produced the largest X-flgig, |imb are the umbrae of sunspots. Around their periphery
ever recorded is mclude_d in these observ_atlons. We then fo%u]sdmy regular penumbral structure is seen consisting of nu-
our study on a surge which is observed with a remarkable clgfaroys pright fibrils, packed close together and observed with
ity in DOT images and also in UV and EUV images obtaineg remarkable clarity. The inner ends of the fibrils are more or
by the Transition Region and Coronal Explorer (TRACE).  |egs at right angles to the borders of the adjacent parts of the
umbrae, although there are some of them that are clearly bent
forming small loops (see Fig. 1 at the region included between
~ 50”- 60" in the X direction and~ 57’- 60" in the Y di-
The observations used in this study, were obtained ozction). Fibrils are very similar to spicules in appearance and
November 4, 2003 by DOT (Rutten et al. 2004). DOT recordédidis impossible to distinguish whether structures seen exactly

2. Instruments and data reduction
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Fig. 2. Temporal evolution of a fibril observed ith DOT. The coordinates in the x and y axes correspond to the same coordinates of Fig. 1. The

presented sequence starts at 16:22:35 UT and the time cadence is 75 s.

59.5 r " B
59.0

58.5

58.0

57.5

57.0

56.5

AW 3 4\ R 4
g \

57.0

56.5

24 25 26 27 28 24 25 26 27 28 24 25 26 27 28 24 25 26 27 28 24 25 26 27 28 24 25 26 27 28 24 25 26 27 28
arc sec arc sec arc sec arc sec arc sec arc sec arc sec

arc sec

arc sec

Fig. 3. Two fibrils observed with DOT showing recurrent behaviour. The coordinates in the x and y axes correspond to the same coordinates of
Fig. 1. The presented sequence starts at 16:25:55 UT (top left image) and the time cadence is 75 s (time runs from top to bottom and from lef
to right).

at the limb are the one structure or the other. Individual fibriturved jet and fits the “Hiel Tower” description of Kurokawa
seem to have heights ef2”- 3" (probably because only their& Kawai (1993): it is evolving over a small dark mound-like re-
lower parts are visible) and are very narrow, often appearinggimn forming an inverted “Y” configuration. In the same work
be less than 0’5in width. When they are not overlapped bythese authors suggested that this shape could be explained by a
other structures, it is easy to follow their evolution, which ismagnetic reconnection model. It is not possible to make, direct
quite complex. Some of them, despite changes in brightnessimparison of the present active region with photospheric mag-
size and shape are observed to persist for the whole time setograms recorded by the Michelson Doppler Imager (MDI)
quence. Such an example is shown in Fig. 2: the fibril begins@s-board the Solar Heliospheric Observatory (SOHO), since
a circular bright structure and then elongates and attains a midws region is nearly at the limb. However, magnetograms of
imum length. It then becomes fainter, but it remains visible tithe previous days show that there are ample, evolving magnetic
the end of the sequence. Other structures reappear several tiiieéds of both polarities in the region from where the surge is
at the same place (see Fig. 3 for a characteristic examplekjacted. It is thus very likely that the energy required to expel
periods of a few minutes. The solar limb is protruded by a mythe gas in the surge is produced by reconnection events at its
iad of bright jets with footpoints located in front or behind théase. The surge extends upward beyond the DOT field of view
limb. Among them is a remarkable surge. The surge, alreadywith a projected extent of more than 14 Mm. Its base is some-
progress when DOT'’s observations began, appears in emisdiores obscured by fluxtubes, and it remains stable throughout
and it is a standing alone structure. It has the form of a slightlye 26-minute duration of the DOT sequence.
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4. Analysis and results
4.1. TRACE-DOT comparison of the surge

The longer duration and the larger field of view of the TRACE
observations, permits us to follow the spatial and temporal evo-
lution of the surge in the 1600 A passband, where it is clearly
visible. Fig. 5 shows images of the appearance, development
and decay of the surge at selected times. The surge is initiated
by a sudden flarelike brightening near the limb-at6:06 UT.
Itis, thus, very likely that the surge is the manifestation of the
magnetic reconnection between new and pre-existing magnetic
flux. If the new flux is due to newly emerging flux or to the reor-
ganisation of local small scale magnetic fields cannot be proved
or ruled out, since the magnetic topology cannot be examined,
because the observed region is found nearly at the limb. The
brightening at the base persists during the entire duration of
the surge and is probably the non resolved base of the inverted
“Y” configuration clearly seen in DOT’s images. After the ap-
pearance of the bright patch a spiked jet expanded upwards at-
taining a maximum height of 43 Mm at~ 16:24 UT (see also
Fig. 6). The apparent upward velocity is 90 km,salthough
the rise phase of the surge does not exhibit a fairly steady ex-
tension of emission to higher altitudes. The surge remains at
the maximum height for 5 min, although there are small vari-
ations in it with time. It then begins shrinking attaining a lower
0 20 40 60 80 100 120 140 height at~ 16:31 UT, where it remains till 16:34 UT. It is not
aresee clear if the decay phase can be described as simply the reverse
of the rise phase with emission moving to lower altitudes or
Fig. 4. TRACE 1600 A image (top) and 195 A image (bottom) wittas a fading in place. Then a new ascending phase begins and
overplotted white contours of the DOT G& data. the surge attains a maximum height-of25 Mm (lower than
before) at~ 16:38 UT. Then it becomes shrinking again (Fig. 5
and Fig. 6 at 16:44:34 UT) attaining a new minimum height at
~16:58 UT. It remains at that height for at least 20 min (be-
tween 17:20 and 17:42 UT there is a gap in the observations).

In Fig. 4 contours of a DOT image have been overplottéH“e” at~ 1_7:43 UT_it starts elongating again and reache_s the
to the TRACE 1600 A (top) and 195 A (bottom) images take}RMe maximum height as in the second phase of elongatlon. At
at nearly the same time. The former TRACE image S(,an@'slj:oz UT. it becomes shrlnklpg and at 18:'2.3:08 UT is hardly
plasma at low temperatures {0* K), but also includes the & v!s!ble, W_hlle at 18:25:_40 UT is no more y|S|bIe. Clearly the
emission from plasma of 10° K. The latter samples plasma af/|3|_ble_ helghts are subject to the brightening and decay of the
temperatures of 1.4x 10f K. The surge appears in emission iffmission in the 1600 A passband. From the TRACE 1600A
the 1600 A, as in the GaH passband. From this we may conobservations it is clear that the surge lasts for about two ar_1d
clude that the surge consists of relatively cold,0 - 10F K, @ half hours and has a strong recurrence tendency extending
gas. On the other hand comparison of the DOTiG# and and shrinking at least 3 times during this observation period at
TRACE 195 A images reveals that the EUV counterpart to ti@@parently exactly the same place.

Cau H bright surge is a dark absorption feature that intercepts The height of the surge in the 1600 A TRACE images can
the bright~ 10° K background. The absorption mechanism ise defined from the visible top of its intensity emission (see
likely to be similar to the longer wavelength suggestion blyig. 5). In DOT data, the top of the surge is outside the field-
Kucera et al. (1998) (see also Rutten 1999). According to tlisview (FOV) and hence its real height can not be measured.
suggestion the bound-free extinction is probably dominatétbwever, an “apparent height” can be defined as the height
by scattering rather than thermal destruction. Such bound-fregkere the Ca H brightness inside the surge is equal to a cer-
scattering is not monochromatic because spontaneous rectaim value (brightness enhancement which changes with time is
bination (the most likely process to follow radiative ionizationdlways observed at the lower part of the surge, see also Fig. 8).
re-emits the absorbed photons preferentially near the ioniZde pre-selected brightness value is such, that the maximum
tion threshold. Each bound-free scattering sequence therefolbéained apparent height is always lower or equal to the max-
not only redirects a 195 A photon, but also shifts it out of thenum measurable height of the surge due to the limited FOV
TRACE passband. The observed darkness therefore doesafddOT. Fig. 6 displays the measured 1600 A height and the
measure temperature even for thick structures. “apparent” Car H height of the surge. The dashed line in Fig. 6

arc sec

arc sec
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Fig. 6. Maximum height ofthe surge from TRACE 1600 A images
(solid line) and “apparent” CaH height of the surge (see text) from
16-18:58 16:44:34 18:25:08 DOT images (dotted line). In both cases the height is measured from
the base of the surge and its inclination has been taken into account.
The dashed line shows the maximum height of the surge that can be
measured in DOT images due to the limited FOV
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Fig.5. TRACE 1600 A images at selected times (time runs from top

to bottom). The black arrow points at the base of the surge. Plotted
coordinates correspond to those of Fig. 4.

shows the maximum height of the surge that is inside the DOT's

FOV. The origin for the height measurements is indicated by an 0 —

arrow at Fig. 5 and Fig. 7 and for the latter it coincides with the 0 5 10 15 20 25

mound-top of the inverted “Y” configuration. The inclination arc sec

has been taken into account in both cases for the calculation )

of the height. The motion of brightness fronts in both tempor 0. 7. Enlargement of the DOT observations of the surge area. The
. . . .. .black solid line, superimposed on the surge, indicates the cut along

sequences might not correspond to true material motion, if the

L . hé surge used for the time slice image of Fig. 8 and the spectral anal-
emission fronts were to propagate at a ratéedent from that ysis described in 4.3. The white arrow indicates the mound-top of the

of the matter. However, the qualitatively good corresponderigge ted “v” configuration which is also used as the origin for the ap-
between the two curves leads us to believe that both cury@$ent height calculation of Fig. 6.

represent actual motion of material. It seems also that there is a

short time delay between the two curves which is also indica-

tive of an upward material motion. variations along the central axis of the surge (time slice image),
which is indicated by a black line in Fig. 7. This axis contents
the mound-top of the inverted “Y” configuration and its right
leg. As we have already mentioned in Sect. 3 this configura-
In Fig. 7 we present an enlargement of a cut-out of Fig.tibn is usually suggested to be associated with magnetic recon-
around the surge area. The position, direction and length of thextion. We have averaged the intensity over a strip extending
surge does not change significantly with time in our DOT FOW.14’ on either side of the main axis, which is carefully traced
however its brightness does change. We analyse the brightr@ssall images of the time sequence as the position of maxi-

4.2. Intensity profile of a cut along the surge
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Fig. 8 implies some kind of periodicity for the surge brightness.
We are using a wavelet analysis to determine the presence and

1400 location of oscillations at the base and within the main body of
1200 the surge.
1000 . . . .
g Wayelet analysis Thg ngelet a.naylyss permlts the determl'-
2 500 nation of any periodic signal within the series and how this
2 period varies with time. We refer the reader to Torrence &
= 600 Compo (1998) for a detailed description of the wavelet anal-
ysis and to Fludra (2001) for a comparison between wavelet
400 and Fourier analysis results of the same signal. For the wavelet
transform we use the Morlet wavelet, which consists of a plane
200 wave modulated by a Gaussian. The cone of influence (here-
0 after COl), defines the region wherffexts of zero padding of

a finite series become important. Hence periodicities in the COI
are doubtful. The global power spectrum is the average of the
wavelet power spectrum over time (comprising the whole range
Fig. 8. Brightness along the main axis of the surge (see text and Fig &fyour time series, i.e. inside and outside the COI regions) and
as a function of position and time. The starting time correspondsifomore or less equivalent to the Fourier analysis spectrum. The
the beginning of the DOT observations at 16:21:20 UT, while positigignificance level of any detected period, is determined by com-
corresponds to the y-coordinates of the cut shown in Fig. 7. The whigarison of the power spectrum to the background noise spec-
dashed line indicates the mound-top of the inverted “Y” configuratiotrum, which in our case is assumed to be Poissonian. A signif-
The black dotted lines include two bright ridges indicating upwargance level of 95% indicates a 5% probability that any signif-
propagating disturbances icant power is caused by chance. A randomization test, where
: the significance of a detected period is calculated with respect
to a finite number of random permutations of the observed time

mum brightness at each height along the surge. This ensuteses: has been also apphed as a more reliable gpp_roach. we
taking into account small changes in the direction of the su;%‘er the reader to Banerjge et al. (2901) and TZ'OFZ'OU etal
with time. Fig. 8 shows the brightness along this cut agai 004) for a deta!led description of this method. Th|§ method
time. Several bright and dark ridges with respectively highgfJln also be applu_aq for the global spectrum. There is a 3.5%
and lower brightness are visible which indicate the presence%for' due to th(_a finite number_ _OT permutations used (qual o
propagating disturbances. The two clearest examples are %Rg) for the estimated p_robabllltles. Only power peaks V\."th a
brightness enhancements that start at positions (6,1250) QﬁHOd lower than a maximum value, de_fmed as the maximum
(6,900), presented within black dotted lines in Fig. 8. Positi\Rae”Ofj of the CQI "T‘e (hereaﬁmt-gj”perloq), are considered
gradients indicate upward travelling disturbances. By measm[ this randomization analysis.

ing the slope of each ridge we obtain apparent propagation

speeds of 75 knTs and 50 km st respectively for these two Cross-wavelet spectrum The cross-wavelet transform be-
cases. Since the apparent speed is the component of the spgedn two serieX andY with wavelet transform&X(s) and
projected onto the plane of the sky, it represents a lower limit¥X(s) is defined asVX¥(s) = WX(s)W*(s) whereWY*(s) is

the propagation speed along the surge. The obtained speedthiarcomplex conjugate oMY (s) (Torrence & Compo 1998).
exceed the chromospheric sound speed of approximately E@em this complex cross-wavelet transform one can define the
20 kms? so they have to be associated with upwardly moeross-wavelet poweWXY(s)| and thecoherence phasg(s) =

ing material???2 The upper brightness enhancement (origiam [ J{WXY(s)}/ R{WXY(s)}], whereR andJ are respectively

at 6,1250) stops suddenly at a heightdf0”. The dark wedge the real and imaginary components of the transform. It can be
shape starting at that position around 1100 s could be due to ghewn that this phase coherence is analogous to that of the
pacted downward moving material returning back from abovourier analysis (Bloomfield et al. 2004). The global phase co-
The same wedge shape is visible for earlier brightness enharterence is the average of the phase coherence over time (com-
ments in Fig. 8. Another possibility is that the wedge shagising the whole range of our time series, i.e. inside and out-
maybe associated with actual variations of the length and hesige the COI regions).

brightness of the surge. The possibility that the material be-

comes optically thin near the top because of expansion canng S
be exclude®?7??2 Hél Wavelet analysis within the surge

5 10 15 20
position (arc sec)

In Figs. 9 and 10 we present a spectral analysis at positions 5.4
and 8.8 respectively (see Fig. 8). The former position corre-
sponds to a point within the right leg of the inverted “Y” con-
There is a hint for a periodic variation of the surge apparefiguration (see Fig. 7) while the latter at a higher point within
Can H height in Fig. 6. Furthermore, the time slice image dhe surge well above the mound-top of the inverted “Y” con-

4.3. Spectral analysis
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Fig. 9. Wavelet analysis of the brightness (in counts) of the surge at g€ig. 10. Wavelet analysis of the brightness (in count) of the surge at
sition 5.4’ (see Fig. 8). The middle left panel shows the time-perigdosition 8.8 (see Fig. 8). For a description of the presented panels
calculated power spectra for the brightness variations shown in the g&@ caption of Fig. 9. The cuffgeriod is 566 s. The global power
panel with black representing high values of power (contours represspéctrum shows a peak of 395 s with a corresponding global probabil-
the significance level of 95%). Cross-hatched regions indicate the Aylof 100%.

regions. The middle right panel shows the global power spectrum, i.e.

the average of the wavelet power spectrum over time (the dotted line
indicates the equivalent global significance level of 95%). The bot-

tom panel shows the variations of the period (thick solid line) of the
maximum power peak below the cuff@eriod (566 s) and its corre-
sponding probability (thin solid line) obtained with the randomization 1qg
method. There is a standard 3.5% error for the calculated probabilities.
The global power spectrum shows a peak of 375 s with a correspo@-

ing global probability of 86%. 2D

period
N
8

W‘

figuration. In both figures there is clearly~a00 s periodic- ’

ity present with a high probability for the higher position and 400 RS RS

a reasonable one for the lower position. A major part of its 500 (’V"&’ - ’fﬁ?ﬁ,‘,&
power lays within the COIl and hence maybe subjected to edge- 690 XXX

effects, however, its persistence over the whole time serieseven 0 200 400 600 800 1000 1200 1400
with a lower power for later times, indicates its physical impor- time (sec)
tance. This period corresponds to the 6-minute oscillations re- N
ported for other chromospheric structures such as fibrils, dark

grains, mottles (Tziotziou et al. 2004, De Pontieu et al. 2003). -100 0 100
Although the aforementioned structures are found ffedént coherence phase (degrees)
magnetic field topologies (quiet Sun for mottles and spiculgsg. 11.Coherence phase between brightness at the top of the inverted
active regions for fibrils, dark grains and surges), the obtained configuration (dashed line in Fig. 8) and brightness at position
same period suggests that probably all these structures havestie The cut-dtf period is 566 s.

same driving mechanism.

There is also a-120 s periodicity present at Fig. 10 and a
~200 s periodicity present at Fig. 9. The latter could probably
correspond to the well-known 3-minute chromospheric oscilla-
tion.

In Fig. 11 we present the coherence phase derived from tietween 350 and 450 s where the wavelet power of individual
cross-wavelet analysis between the brightness at the mousekies peaks (see Figs. 9 and 10). The same behaviour for phase
top of the inverted “Y” configuration (dashed line in Fig. 8coherence is found for almost all cross-wavelet spectra along
and brightness at position 8.8It is clear that the phase dif- the surge. We will further discuss results about the coherence
ference is almost constant 40° in this case) over all periods phase in 4.3.2.
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Fig. 12.Wavelet analysis results for the brightness along the main axis

of the surge (see Fig. 8). The top panel shows the global power spegi;q (dashed line in Fig. 8) and the brightness at each posi-

trum as a function of period and position along the axis of the surge, along the main axis of the surge was also calculated (e.g.

The bottom panel shows the variations of the period (thick solid Iin&)lg_ 11) and then averaged over time in order to obtain the

of the maximum global power peak below the ctit{oeriod (566 s) lobal ph h f . f iod h .
and its corresponding probability (thin solid line) obtained with th!0P@l Phase coherence as a function of period at each posi-

randomization method. There is a standard 3.5% error for the cali@" @long the surge. In Fig. 13 we present the global phase
lated probabilities. The dark dashed line indicates the mound-top&therence for a period of 400sasa function of position along
the inverted “Y” configuration (see Figs. 7 and 8). the surge (there are only slightfidirences of the global phase

coherence as a function of position over the period range of 350

) to 450 s).
4.3.2. Wavelet analysis along the surge

Fig. 12 shows the resulting global power spectra from a wavelet piscussion
analysis of the brightness along the main axis of the surge (see
Fig. 8). The oscillation with 400 s periodicity is clearly vis- We present high spatial and temporal resolution observations
ible for all heights except a short interruption in the range &f the chromospheric limb observed with DOT and the dy-
12.8 to 14.8. The power is stronger below the mound-top dtamical characteristics of a surge observed both with DOT and
the inverted “Y” configuration and then reduces quickly belRACE. The observations include the active region AR10486,
yond the height of 14 probably due to decreased brightnes¥/hich later on produced the largest X-flare ever recorded. In
There is a trend of a slight increase of period with height witROT images many tiny bright structures around the periphery
a local maximum also around the mound-top of the invert&j Sunspot umbrae, but also protruding the limb can be seen
“Y” configuration where reconnection is supposed to occur. fith & remarkable clarity. Some of them, despite changes in
is interesting to note that the 3-minute period signature, whieghtness, are observed to persist for the whole time sequence,
is usually associated with the chromosphere, exists only vaile others reappear several times at the same place in periods
close to the base of the surge up to a height®farcsec base Of @ few minutes. The surge is a dynamic structure shrinking
of which is located very close to “reconnection” Y-shaped basd)d expanding several times at almost the same place. It can be
in accordance with what someone would expect for a structdpowed for at least 2.5 hours in TRACE images. Since surges
expanding to the lower cororee?? are usually suggested to be due to magnetic reconnection this
It is striking that both lower positions which are associatdePservation indicates that the flux in the interacting magnetic
with the reconnection area and the higher positions which &§Ments is notannihilated all at once. Applying a wavelet anal-
the product of this process (surge) are exhibiting similar peridd'S In the high-cadence DOT observations we find brightness
signatures. It seems that the brightness variations within ffe€illations with~ 6min and~ 3min periodicities at some
surge are strongly connected to its driving mechanism. If jROSitions within the surge and along the body of the surge.
deed reconnection is responsible for the creation of the su%é(:h oscillations are not uncommon, a_nd h:_;we been found in
then it would push material upwards and downwards fro any chromospheric structures, both in quiet (e.g., mottles)

the reconnection site leading to brightness variations along agtlve regions (e.g. fibrils, grains) (De Pon_t|eu e.t al.‘ .200_3’
surge. Tziotziou et al. 2004)._ The e_xact reason _for this periodicity is
The coherence phase from the cross-wavelet analysis gt easy to be determined without a detailed study of the mag-

tween the brightness at the top of the inverted “Y” configtﬂetic footpoints. However, this result points strongly in the di-
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rection of a p-mode associated driver, (already suggested forE., McMullen, R. A., Warren, H. P., Amato, D., Fisher, R.,
fibrils by De Pontieu et al. 2004). Maldonado, H., & Parkinson, C. 1999, SoPh, 187, 229

Apart from the oscillations we also find outward propagafucera, T.A., Andretta, V., Poland, A.l. 1998, Sol. Phys. 183, 107
ing disturbances with dierent apparent propagation speed§urokawa, H., & Kawai, G. 1993 in ASP Conf. Ser. 46, The Magnetic
Such kind of disturbances have already been observed in loopsnd Velocity Fields of Solar Active Regions, eds. H. Zirin, G. Al,
(see e.g De Moortel ...) and in polar plumes (....). R &ﬁiqwfg?g(sgq F;ﬁnc'szcg':sp)' 507

The signal both in oscillations and in propagating distu O¥r w7 » 20 TS 25,

. 20y, J.-R. 1973, Sol. Phys. 32, 139
bances gets weaker as it propagates along the surge an ﬁq D.M. 1968, IAU Symp. 35, 77

period of the oscillations increases. At about ... Mm they aggiten, R.J. 1999 in ASP Conf. Ser. 184, Magnetic Fields and
not visible any more. Since the length over which oscillations Qscillations, eds. B. Schmieder, A. Hofmann & J. Staude, 181
can be detected by the wavelet analysis depends on the anmglitten, R. J., Hammerschlag, R. H., Bettonvil, F. C. M., Stterlin, P., &
tude of the oscillation or disturbance and the 99% confidence de Wijn, A. G. 2004, A&A, 413, 1183

level the aforementioned result indicates that the amplitudeSfhmieder, B., Golub, L., & Antiochos, S.K. 1994, ApJ, 425, 326
the signal decreases as it travel along the structure. Svestka, Z. 1976, Solar Flares (Dordrecht:Reidel)

An important key is missing from the present observation§&ndberg-Hanssen, E 1977,_ in lllustrated Glossary for Solar
observations in dierent wavelengths together with magne- ?Sgrdsrzlirg'sé{gslt)nTOEhySICS’ ed. A. Bruzek & C.J. Durrant
et omperatures, and 1 determin how e abserved pulse NS G- & Compo, G.P 1998, Bul Amer Heteor S 79, 61

emp ' ue , PUISESBI&iou, K., Tsiropoula, G., & Mein, P. 2004, AZA, 423, 1133
e?<C|ted. The new capab|I|t|§s 'of DQT which now permits th‘?okoyama, T., & Shibata, K. 1996, PASJ, 48, 353
simultaneous 90- 70” FOV in five different wavelength chan-yoshimura, K., Kurokawa, H., Shimojo, M., & Shine, R. 2003, PASJ,
nels together with a sixth camera for Ba Il 4554 Dopplergrams 55 313
and magnetograms are very promising towards this direction.
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