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1. Abstract 

An image series taken at the hōǎŜǊǾŀǘƻǊȅ Ψ[ǳǎǘōǸƘŜƭΩ ƛƴ DǊŀȊ ƻŦ ǘƘŜ ƻǇŜƴ ŎƭǳǎǘŜǊ aŜǎǎƛŜǊ оф 

was analysed, searching for flare events. During 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 the same age and spectral types of B and later. 54 stars of membership 

probability over 66% were characterised, and the images were analysed, searching for 

indications of stellar flares. Due to several reasons no flares could be found. 

2. Introduction 

This thesis describes the process of analysing a series of images (taken at the 

άhōǎŜǊǾŀǘƻǊƛǳƳ DǊŀȊ [ǳǎǘōǸƘŜƭέύ of the open star cluster άaŜǎǎƛŜǊ офέ όM39) and searching 

the data for stellar flares. The theoretical basis, a brief explanation of a flare, how it can be 

detected and how the refinement of the images work, is then explained. Following that, the 

whole procedure of reducing, preparing and analysing the data is described, while also 

explaining the purpose and the tools that are being used for each step. Finally, the results 

are presented and then discussed. 

3. Theoretical Basis 

3.1. (Solar) Flares and flare detection 

Solar flares are eruptions of radiation, resulting from realignments of magnetic arcs on the 

surface of the sun. Upon a realignment of said magnetic arcs, energy is being released 

(Hanslmeier, 2015) amongst others in the form of electromagnetic radiation (Haisch, 1991). 

Flares can last from about 10 to 90 minutes (Hanslmeier, 2015). It is not directly evident that 

stellar flares are triggered by the same effect as flares on the sun, but the resulting light 

curves are similar (Pettersen, 1989). Because a flare is characterised by a sudden release of 

radiation, it is identifiable by observing its light curve, which is the variation brightness over 

an extended period of time. A sudden increase in a ǎǘŀǊΩǎ brightness could therefore be an 
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indication for a flare. This can be recognized by a peak in a time-brightness diagram (as 

shown in the figure below). In this particular case the brightness value of each star can be 

extracted from the time series taken by the telescope over the course of multiple hours. A 

graph can now be created similar to the one below. To examine the data, the graphs for 

every star are created and then manually searched for flares. 

 

Figure 1: Stellar flare detected by the BMK (Greimel) ƻƴ ǘƘŜ ǎǘŀǊ ά9± [ŀŎŜǊǘŀŜέΣ ǎǇŜŎǘǊŀƭ ǘȅǇŜ aп1. The black line shows the 

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

The flare in the figure above the flare is identifiable by the rapid increase of the black line 

and longer decay time of the difference in magnitude (=Dm). 

3.2. Telescope 

Following is a detailed description of the telescope and the filter that was used. 

                                                      

1 http://simbad.u-strasbg.fr/simbad/sim-basic?Ident=EV+Lac 



 
4 

The telescope that was used is the so called άBallistische Messkammerέ (BMK) by Zeiss. It is 

a refractor and features a diameter of 30cm, a focal length of 75cm resulting in an f-ratio of 

f/2.5. The field of view of the telescope with the mounted CCD camera is 2.75°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 telescope to block out certain wavelengths. In this case 

a V-band filter is used. Its maximum transparency lies at around 540nm (Hanslmeier, 2015). 

 

Figure 2: UBV-Filtersystem (Hanslmeier, 2015) 

In the optical regime U, B or V filters should be used for flare detection since flare 

amplitudes are prominent at these wavelengths (AAVSO, 2010). However, U and B filters do 

not work with the BMK and therefore a V-filter was being used. 

3.3. Messier 39 

The star cluster Messier 39 was chosen as the object of interest by the observatory because 

of the following factors. One being the age of the open cluster which is estimated around 

360 ° 120 million years (M. Manteiga, 1991), as for younger member-stars flare detection is 

more probable. Another one being the spectral type of the stars, of which there are no types 

earlier than B9 (Johnson, 1953). In general flaring has been reported from B stars to K and M 

stars (small dwarf stars) (Pettersen, 1989). Especially the latter are in an earlier stage of 

evolution and as mentioned above show increased flare activity (Mirzoian, 1990), hence 
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being generally suitable for flare research. The distance of M39 is approximately 275 ° 30 

parsecs, which equals 897 lightyears (Johnson, 1953). 

The figure below shows the colour-magnitude-diagram of all stars in the field of M39 

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

 

Figure 3: Colour magnitude diagram of M39 with data from Platais (Platais, 1994) 

As one can see the member stars form a main-sequence. The spectral range of the member 

stars goes from early A- to early K-stars. 

4. Process 

4.1. Raw Data 

In a timeframe of 3,75 hours from 22:22:00.205 until 02:07:27.602 ƻΩŎƭƻŎƪ, 120 images had 

been taken at the observatory on 24th may of 2012. Object of interest was the open cluster 

aоф ƻǊ άbD/ тлфнέΦ The exposure time was 80 seconds. All 120 frames were saved as .FIT 

files (Flexible Image Transport System, a file type commonly used for images in astronomy, 

formatting images in arrays, which simplifies further steps). The following image shows the 

field of view of the BMK. 


























