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1. Introduction

During the years 2001 and 2002  the astronomy team of the Kopernikus-Gymnasium at Wissen (Germany) performed the project „Colour magnitude diagrams of open galactic star clusters“. 12 students and one teacher participated in the project (N. Becker, F. Bieler, C. Hammann, D. Hammann, K. Märzhäuser, D. Linhart, V. Meutsch, M. Müller, P. Stinner, D. Stock, P. Stockschlaeder, M. Urban, and P. Wilking). The project’s aims were the creation of colour magnitude diagrams (CMDs) of eight open clusters as well as the evaluation with respect to distances and ages of the clusters. The students were introduced into fundamental techniques for detection and analysis of astronomical and physical experimental values and resulting data. They got basic and solid insights in methods of astronomical science. The students have learned much about the enormous importance of CMDs resp. HRDs (Hertzsprung-Russel-Diagrams) for the evaluation of stellar evolution.

Our project may be redone based on our CCD images or on images taken by yourself. The single steps for producing and evaluating CMDs are described in the chapters 3.2 - 3.7. There you also find a description of the handling of the required software tools. Short notices concerning the astronomical background are given as well.

2. Projection and execution of the project

Projection and execution of the project have been divided into four parts:

2.1 Preparation of the observatory

· For decades the observatory of the Geschwister Scholl Realschule at Betzdorf (50°48`N; 7°53`E) had been vacant. In 2001 it was reactivated by our team. 

· We there installed an 8“ Schmidt Cassegrain telescope (Celestron C8) with a computer controlled CCD camera (figure 1).

· In addition we built a computer network for internet access and to control the CCD camera and the autoguider.

2.2 From the production of the CCD images to the CMDs

· We took CCD images in B (blue) and V (visual/green) of eight open clusters.

· The clusters were selected by literature [1] with respect to a wide spread of distances and ages.

· The CCD images were corrected by darkframe and flatfield.

· A special software (WinStarFinder) was created by Fabian Bieler to calculate preliminary apparent B and V magnitudes of the member stars of the clusters.

· The calibration of our experimental setup was done by the properties of reference stars [5] using a minimisation routine from the Root software package [6].

· So final apparent B and V magnitudes and colour indices B-V could be calculated.

· WinStarFinder then created CMDs of the investigated clusters by plotting the apparent visual magnitudes V vs. the colour indices B-V.

2.3 Correction and evaluation of the CMDs` photometric data

· The colour indices B-V were corrected by reddening and the apparent V magnitudes were corrected by the interstellar extinction.

· We determined the distance moduli V-MV by means of the position of the main sequences in the CMDs.

· The distances of the clusters then could be calculated.

· We were able to determine the ages of the clusters from the positions of the turn off points of the main sequences in the CMDs.

· The CMDs may be used to determine the total mass of the clusters (not yet performed by us; the process is described by Zimmermann [8])

· Then the stability of the clusters against tidal disruption due to the clusters’ rotation round the centre of the milky way may be estimated (also not yet performed by us, the process is described by Zimmermann [8])

2.4 Presentation of the project

· The project was presented at „Physics on Stage 2“ (April 02nd –06th 2002) in Noordwijk, the Netherlands. 

· It will be presented on April the 27th 2002 at the open day of the astronomical institutes of Bonn university. 

· Didactic and methodical intentions of the project will be discussed in the journal „Astronomie + Raumfahrt im Unterricht“ in the beginning of 2003.

3. Notices and instructions to retrace the project

Our explanations are done in an exemplary way for the open cluster NGC 1960 (M36). The CMD of NGC 1960 has a definite main sequence [3]. Therefore a quantitative evaluation can be performed without major problems. Furthermore there exists an up to date paper of NGC 1960 (Sanner et al. [7]). So our results may be compared with recent scientific research.

3.1 Technical data of our CCD images

The geographical position of our observatory is mentioned in 2.1. For the clusters NGC 1528, NGC 1912(M38), NGC 1960(M36), NGC 2099(M37), NGC 2264, NGC 2281, NGC 2682(M67) the optic used was an 8“ Celestron C8 telescope with a focal reducer (f=900mm, f/D=4,5). Because of the great diameter of about 90arcmin for NGC 2632(M44) a telephoto lens with f=300mm was necessary. A ST6 CCD camera and the software CCDOPS were used for the production of the CCD images. The tracking was done by a ST4 autoguider. The B images were taken with Schott filters BG 12 (blue) and KG 5 (infrared exclusion filter), the V images with VG 9 (green) and KG5. The transmission of these filter combinations are shown in figure 2. You can find all the images on our homepage [9].

The images may be viewed and corrected with the free CCDOPS software of the camera producer SBIG, Santa Barbara, California, USA (http://www.sbig.com). 

3.2 Determination of the preliminary B and V apparent magnitudes

First WinStarFinder needs a blue and a green image of the investigated cluster.

Therefore press File -> Open Blue/Green Image to open a blue (B) and a green (V) flatfield corrected ST6 image, for example M36-B02.ST6 and M36-V01.ST6 (see chapter 7). All the other image files are to be found on our homepage [9]. Note that the images must be in ST6 uncompressed format.

Then adjust the background for each B and V image by using the text fields below the images or by adjusting the track bar beside the text fields. Note that two overlapping stars are useless for further evaluation of the data. Therefore don’t let too many stars overlap each other.

If the Cluster covers only a part of the image be sure to select that region by dragging a rectangle around that region from the upper-left corner to the lower-right corner in the blue image to reduce the number of field stars in the CMD.

Now press the two “find stars” and the “compare pictures” buttons! WinStarFinder then calculates the numbers NB (blue) and NV (visual/green) of electrons in the concerned pixels as values for the B and V magnitudes of the stars.

3.3 Calibration of our experimental setup

You can select a star by clicking on it in either image. The star then will be highlighted in the list at the bottom of the window.

Double-click on the highlighted line to access the star properties window. There you can select the star to be a calibration star and specify the V and B-V values taken from an extern catalogue. You also can check the “ignore star” box to tell WinStarFinder not to display the star in the CMD. You should do so for all overlapping stars.

Mark at least three stars as calibration stars and specify the V and B-V values although we recommend about five calibration stars for a serious evaluation. In addition mind to use calibration stars at both extremes of the magnitude-spreading in the cluster.

Then press the “calculate magnitudes” button! WinStarFinder will plot the calibration curves both for the blue and the green images. For such curves for NGC 1960 (M36) based on calibration stars out of the WEBDA database at Geneva [5] see figure 3.

After this step you can additionally take a look at the calibration stars and the calibration curve by checking the “view calibration” box beneath the images. You can click on one of the green dots representing the calibration stars to select the particular star. This feature is handy to remove calibration stars which have a strong deviation. If you do so be sure to press the “calculate magnitudes” button afterwards.

Now WinStarFinder is able to calculate the final apparent B and V magnitudes of the considered stars by means of the numbers NB and NV (see 3.2) and of the calibration function.

3.4 Calculation of the final apparent B and V magnitudes and plotting of the 

      CMDs by the WinStarFinder software

Now you can save the finished CMD by pressing File -> Save…

In the Save as ... dialogue you can select to save the CMD as a monochrome or a colour bitmap file or, by default, save only the V and B-V data in an Html chart. Use the file type field to select the type of output.

For additional information on WinStarFinder and its features look into the readme.txt file in WinStarFinder.zip [9].

3.5 Correction of the data by reddening and interstellar extinction

The reason for reddening is scattering of light at small interstellar dust particles. The shortwave blue light partially is scattered out of the light path [2; 8]. The so caused reddening is described by the colour excess E(B-V).

The corrected colour indices (B-V)0 arise from the not corrected values B-V (see 3.4) by:


(B –V)0 = (B –V) – E(B –V)   [2; 8] 





(1)

Scattering at interstellar dust also causes an attenuation of light that is proportional to the value of reddening. The so corrected apparent visual magnitude V0 is:


V0 = V – AV ≈ V0 – 3 • E(B –V)  [2; 8]




(2)

All the following calculations are to be performed by using the corrected values V0 and (B –V)0. The required values of the colour excesses E(B-V) are given in table 1:

Table 1: Colour indices of the investigated clusters [3]:

NGC number
1528
1912
1960
2099
2264
2281
2632
2682

EB-V (colour excess) 
0.29
0.27
0.24
0.31
0.08
0.10
0.00
0.06

3.6 Calculation of the distances of the clusters

Figure 4 shows the zero age main sequence (ZAMS) in an CMD of an open cluster in the standard distance 10pc. Stars at that standard distance have per definitionem the absolute visual magnitude MV. The absolute visual magnitude MV of an arbitrary star, its corrected apparent visual magnitude V0, and its distance d (in pc) are related by the following equation [2]:


V0 - MV = 5 • log d – 5






(3)

V0 – MV is called the “distance modulus”. If the ZAMS in figure 4 is shifted by the distance modulus V0 - MV it will be at the same place as the main sequence in the considered CMD is. Note that for determination of the distances modulus the CMD has to be corrected by reddening and interstellar extinction. That means the upper axis (green, for (B-V)0) must be considered concerning the colour excess. Furthermore the apparent V magnitude has to be corrected by the interstellar extinction according to equation (2).

From figure 4 the distance modulus of NGC 1960(M36) is determined to be V0-MV = 10.3(0.5). So the distance of NGC 1960 calculated by equation (3) is 


d = 1180(270)pc = 3800(900)ly.

3.7 Calculation of the ages of the clusters

The theory of stellar evolution gives a relationship between the age T of an open cluster and the corrected (!) V magnitude MV* of the stars at the turn off points of the main sequences in the clusters` CMDs [8]:


T = (2 • 108 years) • exp(MV*/1,20mag)    



(4)

For NGC 1960: MV* = V0 – 10.3(0.5) = 8.9(0.2) - 3 • 0.24 – 10.3(0.5) = -2.1(0.7) (see figure 4). The age of the cluster then may be calculated by (4) to be 


T = 40(21) millions of years.

3.8 Comparison with recently published values

Sanner et al. [7] recently published up to date values of NGC 1960: Their distance is d = 1318(120)pc, their age T = 16(-5/+10) millions of years. 

Although our distance value 1180(270)pc has got a larger error band the result of Sanner et al. is situated within this error band.

The measured resp. calculated ages of Sanner et al. and of ourselves are compatible within the error bands. Since our most probable value is higher than that of Sanner et al., it should be proved, whether equation (4), given by Zimmermann [8] for NGC 7789 with MV* ≈ + 1 mag ... + 3 mag, should be modified for MV* ≈ - 1mag ... - 3 mag in NGC 1960.

The consideration of fainter stars and of images with longer exposure times [9] should increase the certainty of defining the main sequence in the CMDs and so raise the accuracy of the experimental values.

Notice that our experimental potentialities do not allow to correct our CMDs by field stars. Our CMDs therefore are contaminated by such stars that are to be seen on the line of vision to the clusters although they are no members of the clusters.

Since the transmission functions of our filter combinations (see figure 2) slightly differ from those in the standard UBV system another experimental error occurs.

3.9 Further Evaluations

Zimmermann describes how to determine the total mass of an open cluster by means of the mass-luminosity law. Afterwards the stability of the cluster against the tidal disruption caused by the clusters rotation round the centre of the milky way may be estimated [8].

4. Conclusions

We have succeeded in constructing and evaluating CMDs of open clusters based on our own CCD images using the self-made software WinStarFinder. On our website [9] you can find all our CCD images of eight open clusters as raw images with the relevant flatfied images and in addition as flatfield corrected images. In combination with WinStarFinder you will be able to retrace our project.

Furthermore our website contains the up to date version of Fabian Bieler`s WinStarFinder software with a detailed description how to use the included tools. WinStarFinder excellently is suitable to be used in other astronomical projects especially for the uncomplicated and rapid observance of variable stars.
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6. Figures 
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Figure 1: The telescope setup in our observatory. Note the ST6 CCD camera at the 


      C8 main telescope and the ST4 autoguider at the guiding tube.
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Figure 2: The transmission functions of our B and V filter combinations [10]
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Figure 3: Calibration functions for our setup in B and V for the open cluster 


      NGC 1960 (M36).
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Figure 4: The CMD of the Cluster NGC 1960 (M36). Note the axis for the corrected 


      colour indices (B-V)0. Note that the V magnitudes still are to be corrected 


      by the interstellar extinction.

7. Added programs resp. files

    •   WinStarFinder.zip (including readme.txt)

    •   CCD images in B and V of NGC 1960 (M36)

