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h�one
kstra�e 6, D{79104 Freiburg, GermanyUDC 523-327-56Conferen
e paperAbstra
t. H� observations of a M5.4 
are taken in the a
tive region NOAA 10646 withthe Va
uum Tower Teles
ope at Observat�orio del Teide, Tenerife, on July 13, 2004 arepresented. The temporal evolution of the area of the 
are and its morphologi
al 
hangesare investigated and dis
ussed. Simultaneous observations of the 
are in EUV lines takenwith CDS/SOHO instrument are shown and additional data from GOES-10 instrumentare 
ompared.Key words: Sun: 
are, H� observations, EUV spe
tra1. Introdu
tionDuring the observations at the Va
uum Tower Teles
ope at Observat�oriodel Teide, Tenerife in July 2004 we observed under very good 
onditions allphases of an energeti
 
are M5.4. High spatial resolution of the teles
opegave us the possibility to investigate the time development of the area ofthe 
are in H� emission. This 
ontribution is a short preliminary work onthis topi
. First we tested the sensitivity of the method used for estimationof the relative 
are area. Then we estimated the basi
 
hara
teristi
s of the
are, namely the gradual phase of the 
are and its duration and 
omparedthem with GOES data.Hvar Obs. Bull. 29 (2004) 1, 1{10 1
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Figure 1: The full �eld of view of the slit-jaw system of the Va
uum Tower Teles
opein H�. The verti
al line is the slit, the two horizontal wires are used to mark the areaof spe
tral investigations. The 
olor bar units are expressed in Arbitrary Intensity Units(AIU). 2. Observations and data redu
tionVTT H� observations: Observations were performed with the Va
uumTower Teles
ope (S
hr�oter et al. 1985) at Observat�orio del Teide, Tenerife.A
tive region AR 10646 in north-west part on the Sun (N12, W43, �= 0.54)was observed. Series of slit-jaw images were taken with the slit-jaw videosystem mainly in the H� 
hannel (Kentis
her 1995). An example of the �eldof view is shown in Figure 1. Several short series of images were re
orded inwhite-light 
hannel to have a re
ord of the sunspot 
on�guration. A totalnumber of 643 VTT CCD images of 768 � 576 pixels ea
h was stored ondisk in 8 bits/pix resolution. Additional 
alibration images were re
ordedat the beginning and at the end of the series for dark 
urrent and 
at-�eld
orre
tions. The series of the images started at 08:31:13 UT and lasted upto 09:15:30 UT. The energeti
 
are 
lassi�ed as M5.4 o

urred in the ob-served target between 08:36 UT and 09:15 UT. The images were re
ordedevery 4 se
onds with an exposure time 1/24 se
. The H� slit-jaw images2 Hvar Obs. Bull. 29 (2004) 1, 1{10
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Figure 2: An example of two H� sub-images with the M5.4 
are for the moments 08:43:34UT and 08:51:14 UT (upper panels) and two relative 
are areas estimated for the samesub-images using the threshold limit of 225 AIU (lower panels). The 
olor bar units areexpressed in AIUwere 
orre
ted for the dark 
urrent and 
at-�eld intensity in
uen
es. The
orre
tion by the 
at-�eld was not as good as expe
ted due to some tem-poral 
hanges of the dust 
overing the window of the 
amera. This did notin
uen
e the results obtained from the slit-jaw images. Then the followingmethod for estimation of the area of the 
are was applied small sub-imagesof 240 � 260 pixels ea
h around the 
are were 
ut from ea
h slit-jaw image.An examples of two sub-images for the times 08:43:34 and 08:51:14 UT aregiven in Figure 2 on the upper panels. Eight threshold levels of intensityHvar Obs. Bull. 29 (2004) 1, 1{10 3
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hosen for tests of the area of the 
are. Namely 215, 220, 225, 230,235, 240, 245 and 250 arbitrary intensity units (AIU) of the whole rangeof 0 - 255 AIU were used. Ea
h pixel of the sub-image of intensity higherthan the threshold limit was 
onsidered as the area of the 
are. Number ofall pixels whi
h ful�lled the 
riterion was adopted as the relative 
are areain the parti
ular sub-image for the parti
ular time. Thus 643 relative 
areareas were found for ea
h threshold limit for the time interval 08:31:13 {09:15:30 UT. Two parti
ular relative 
are areas 
al
ulated for above men-tioned sub-images for the threshold limit of 225 AIU are shown in Figure 2in the lower panels. CDS/SOHO observations: Simultaneous observationsof the same a
tive region AR 10646 were performed also with CDS/SOHOinstrument using its NIS spe
trometer in 'sit and stare' mode, i.e. the slitposition was �xed and the solar rotation was not 
ompensated. The widthof the slit was 4 ar
se
onds and its length was 141 ar
se
onds. Sets of 6 EUVspe
tra images were re
orded simultaneously. Namely the spe
tral lines ofHe I 584.33 �A (2x104 K), O III 599.59 �A (8x104 K), O V 629.73 �A (2.5x105K), Ne VI 562.80 �A (4x105 K), Mg IX 386.04 �A (1x106 K), Si XII 520.67�A (2x106 K) were re
orded. The exposure time of the spe
tra images was10 se
onds and the sets of six spe
tra were re
orded every 15 se
onds. Atotal number of 290 sets of the six spe
tral lines was re
orded during theobservation. The period of the registration of the spe
tra started at 08:12UT and lasted up to 09:25 UT. An example of time-spa
e maps of intensi-ties of three EUV lines is shown in Figure 5. No spe
ial redu
tion of datawas made for CDS/SOHO observations, be
ause of delay of the delivery ofthe raw data to our disposal. Only overview data provided on-line duringthe observations are used in this work.3. ResultsOur results are shown in Figures 3, 4 and 5. The 
hanges of the 
are relativeareas (expressed by the number of pixels whi
h ex
eed the threshold limits)are shown in Figure 3 for the threshold limits 215 - 230 AIU and in Figure 4for the threshold limits 235 - 250 AIU. Several interruptions of the 
urvesin Figures 3 and 4 belong to those short periods when the slit-jaw imagesystem registered white-light images instead of H� ones.4 Hvar Obs. Bull. 29 (2004) 1, 1{10
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FLARE REL. AREA, threshold=225
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FLARE REL. AREA, threshold=230
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Figure 3: The 
hanges of the relative 
are area (expressed in the number of pixels whi
hex
eed the threshold limit) in slit-jaw H� images, for time interval 08:31:13 { 09:15:30UT for thresholds of 215, 220, 225 and 230 arbitrary intensity units (AIU), respe
tively.Several interruptions of the 
urves indi
ate periods when the slit-jaw system was used tore
ord white-light images.Hvar Obs. Bull. 29 (2004) 1, 1{10 5
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FLARE REL. AREA, threshold=235
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FLARE REL. AREA, threshold=240
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FLARE REL. AREA, threshold=245
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FLARE REL. AREA, threshold=250
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Figure 4: The same as in Figure 3 but for thresholds of 235, 240, 245 and 250 arbitraryintensity units (AIU) respe
tively.
6 Hvar Obs. Bull. 29 (2004) 1, 1{10
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ussion and 
on
lusionsSensitivity of the method: The method suggested and used for 
al
ulationsof the relative 
are area gives fully a

eptable results almost for all thresh-old limits. It 
an be seen in Figures 3 and 4 that the period of the 
areduration i.e. the appearan
e of no-zero area of the 
are, is very similar forthreshold limits ranged from 230 to 250. It means that the thresholds of90%, 92%, 94%, 96% and 98% of the maximum intensity of the image areusable for the estimation of the relative 
are area. The threshold of 225 =88% of the maximum intensity of the image is on the lower limit of the
orre
t estimation of the relative 
are area. This pronoun
es well all tem-poral 
hanges and duration of the relative 
are area and still keeps smalls
attering of data. The thresholds of 240 = 94% of the maximum intensityseems to be the upper limit of the 
orre
t 
al
ulation of the relative 
arearea be
ause the next two limits (245 = 96% and 250 = 98% of the max-imum intensity) have already lost some features in the 
urves. (
.f. smallenhan
ements of the relative 
are area at the beginning at about 650 se
-onds, as well as the enhan
ement at 2200 se
onds). The smaller number ofpixels shows that only hot kernels of the 
are were mat
hed by this twohighest threshold limits. The �rst two threshold limits (215 = 84% and 220= 86% of the maximum intensity) give higher s
attering of the data andexpress still same no-zero relative 
are area in the end of 
are duration.This is 
aused by mat
hing of the hotter parts (rest of the 
are) in the a
-tive region and in
luding them to the relative 
are area be
ause of too lowthreshold limits. We 
an 
on
lude that threshold limits from the intervalof 84% - 98% of the maximum intensity of the H� images are suitable for
al
ulation of the relative 
are area.Flare results dis
ussion: For an estimation of the basi
 parameters ofthe 
are we used the results obtained for the threshold limit 225 = 88% ofthe maximum intensity. The duration of the H� 
are expressed as a rela-tive 
are area larger than zero was 35.8 min, 
.f. Figure 3 the third panelfrom top. Duration of the gradual phase of the H� 
are was estimated tobe 4.58 min. Two remarkable drops and one enhan
ement of the relative
are area were re
ognized in the 
are duration. Namely the drops appearedat the time points 950 and 1150 se
onds respe
tively and the enhan
ementappeared at the time point 2225 se
onds. All these 
hanges were modulatedby dismiss and o

urren
e of 
are kernels as it was found after 
areful in-Hvar Obs. Bull. 29 (2004) 1, 1{10 7
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Figure 5: Composition of two sub-intervals of observations of time development of theintensities of three (
hromosphere and transition region) EUV spe
tral lines (He I, O IIIand O V) with CDS/SOHO instrument. The x-axis of the whole 
omposed double-image
overs the time interval 08:12 { 09:25 UT and time is running from the right to the left.The y-axis represents 14 ar
se
onds i.e. the slit length.8 Hvar Obs. Bull. 29 (2004) 1, 1{10
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1-minute GOES-10 Solar X-ray Flux
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Figure 6: Solar X-ray 
ux measured in two 
hannels for the period of the o

urren
e ofthe M5.4 
are.spe
tion of the original sub-images. Comparisons of the relative 
are area
hanges and the GOES 10 solar X-ray 
ux data (Figures 3, 4 and 6) showthat the moments of the start and of the maximum phase of the 
are arealmost identi
al in both the x-ray 
ux and in the 
are relative area but thegradual phase is shifted forward in time in the 
ase of the H� 
are devel-opment. This 
oin
iden
e and possible small time shifts in 
orrespondingphases of the 
are will be 
ase of further investigation. The EUV spe
tralobservations gained with the CDS/SOHO instrument (
.f. an example isshown in Figure 5), whi
h were taken simultaneously with the observationsof the 
are in H�, will also be used for investigation of the 
oupling ofthe H alpha 
are with higher parts of the solar atmosphere. The detailed
omparison of the results will be made in near future, when the raw CDSdata will be at our disposal. Referen
esS
hr�oter, E.H., Soltau, D., Wiehr, E., 1985, Vistas in astronomy, 28, 519Kentis
her,T.J., 1995, A&AS, 109, 553
Hvar Obs. Bull. 29 (2004) 1, 1{10 9


