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1.Abstract

An image series taken atthed & SN 12 NB W[ dZAGONKSE Q Ay DNI I
was analysegdsearching for flare event®uring a period of 3,75 hours 120 images have

been taken(in the year 2012)M39 is a relatively young cluster with its member stars all

being around he same age and spectral types of B and I&érstarsof membership

probability over 66% wereharacterised, and thenageswere analysed, searching for

indications of stellaflares.Due to several reasons no flares could be faund

2.Introduction

This thesis describes the proces$ analy$ng aseries of image@aken at the
GhoaSNIDI G2 NR dzyof the\apeh stdr dmsténcaNSKASAE ASARYarw geérchiing
the data for stellaflares. The theoretical basis, a brief explanation of a flare, how ibean
detected and hav the refinement of the imagework, isthen explained. Following thathe
whole procedureof reducing, preparing andnalysng the data is described, while also
explaining the purpose arthe tools that are being used for each stéjnally, he results

are presented andhen discussed
3.Theoretical Basis

3.1.(Solaj Flares andlare detection

Solarflares are eruptions afadiation resulting from realignmerstof magnetic arcs on the
surface of the sun. Upoairealignment of said magnetic ar@nergy is being released
(Hansimeier, 20159 mongst othersn the form of electromagnetic radiatiofiHaisch, 1991)
Flarescanlast from about 10 to 90 minutgHanslmeier, 2015)t is not directly evident that
stellar flares are triggered by the saraffect as flares orthe sun but the resulting light
curves are similafPettersen, 1989Because #flareis characterisedy a sudden releasaf
radiation it is identifiableby observingts light curve, which is the variatidorightness over

an extended perio@f time. A sudden increase inda i IbNghtdess couldhereforebe an



indication for aflare. Thiscanbe recognizedoy a pek in a timebrightness diagrantas
shown in the figure blew). In this particular casthe brightness value of each star can be
extractedfrom the timeseries taken by the telescomer the course of multiple hours. A
graph can now be createsimilar to the one belowTo examine the datahe graphs for

every star arereatedandthen manually searched fdlares.
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Figurel: Sellar flare detected by the BM{Greimel2 y G KS & il NJ a9 + [ [LOBeNladk é shows this O G NI £

delta-mag of the target star with a comparison star, whereas the red line showdefteemag of two comparison stars.

The flare in the figure abowbe flare is identifiable by the rapid increas&the black line

and longer decay time of the difference in magnityd¢®m).

3.2. Telescope

Following is a detailed description of the telescopel éme filter that was used.

1 http://simbad.u-strasbg.fr/simbad/sirrbasic?ldent=EV+Lac
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Thetelescopethat wasused is the so calledBallstische MesskammeiBMK) by Zeisdt is

a refractor andeatures a diameter of 30cm, a focal length of 75&sulting in anatio of

f/2.5. The field of viewof the telescoe with the mounted CCD cameis2.75°x1.83°The

CCD camera is a Santa Barbara Instrument Group (SBIG) STL_11000M, featuring a-Kodak KAI
11000M chip with 4008 x 2672 pixels.

Multiple filters can be applied to the telescopeblock out certainvavelengths. In this case

a tband filter is used. Its maximumatnsparency lies at around 540n(idansimeier, 2015)
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Figure2: UBV/Filtersystem (HansImeier, 2015)

In the optical regiméJ, B or V filters should be uséat flare detection since flare
amplitudes argorominentat these wavelength6AAVSO, 2010However U and B filters do

not work with the BMK and therefore afilter was being used.
3.3.Messier 39

The star clusteMessier 39 washosen as the object of intereby the observatorjpecause
of the followingfactors. One being thage of the open clustexhich is estimated around
360° 120 million yeargM. Manteiga, 1991)as for youngememberstars flare detection is
more probable Another one being thespectral type of the starsof which there are no types
earlier than BgJohnson, 1953)n general flaring has been repedfrom B stars to K and M
stars (snall dwarf starsjPettersen, 1989)Especially the lattesire in an earlier stage of

evolution andas mentioned abovehow increased flare activiilirzoian, 1990)hence



beinggenerallysuitable br flare researchThe distance of M39 &pproximately275° 30
parsecswhich equals 897 lightyeaf3ohnson, 1953)

The figure below shows the coleuragnitudediagram of all starg the field 0ofM39

(Platais, 1994in white and those with a membership probability above 66% in red.

Figure3: Golour magnitude diagran of M39 with data from Platai@Platais, 1994)

As one can see the member stars form a rseuence. The spectral range of the member

stars goes from early-Ao early Kstars.

4 .Process

4.1 .Rav Data

In a timdrame of 3,75hours from 22:22:00.206ntil 02:07:27.602 Q O f120inhgeshad
been taken at the observatorgn 24" may of 20120bject of interest washe open cluster
aodg 2N dbTbe exposurmmewds80 secondsAll 120 framesvere saved as .FIT
files (Flexible Image Transport Systemfiletype commonly used for imagés astronomy
formatting images in arrays, which simplifies further step#e following image shows the

field of view of the BMK.







































