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Measuring stars in .fits images to determine relative star cluster ages
The objects imaged by the Faulkes telescope for this activity were two open clusters (NGC2506 & NGC2420) which are quite young and two globular clusters (M80 & M75) which are almost as old as the Universe. To look at the ages of these clusters we must measure the colours of the stars in these clusters. To do this we had images of these clusters taken through coloured filters: Blue, Visible (( green) and Red. You will see that the files have names like M80-B.fits and this example means that this image is of M80 and the B means it is through a blue filter (the image is of blue light).
To see the ages of these clusters we need to measure a blue (B) and a visible (V) magnitude (brightness) for as many stars as possible in each cluster. To do this we must do the following: 1. Find a reference star in each image that has calibrated magnitudes (Bref and Vref). I have already done this for you (see appendix A). 2. Use these reference values to calibrate this reference star. 3. We can then calibrate the magnitudes of all the stars in the image. 4. We need to do this for both the B and V images. 5. We can then plot a graph and see the relative ages of the two clusters.
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Part 1
    Ok, be patient and read through all the instructions in part 1 carefully before you start.
a) Remember we will work with the M80 files and it will be easier to work in teams. Once you have read through this information you can divide up the tasks and be more efficient. Open the program Makali by choosing start / programs / cdroms / science / astronomy / Subaru Image Processor Makali. Then in Makali open the image M80-B.fits from the network location I:\SCIENCE faculty\Mr Stanger\astronomy club\SGHS Faulkes Telescope Images\globular clusters\

The image you open will look like the image on the right below (Figure 1). You will compile a list of B and V values for many stars in this cluster so you will need to assign a number to each star as you go so you can match up their B and V values (star 1 is marked in Figure 2). Use Figure 2 (a larger copy is in Appendix B) to record your star numbers. When we do measurements on these images from now on it will probably be much easier to always view these images inverted by selecting [image: image20.jpg]Project Overview
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 in the colour mode drop down menu at the top left of the Makali screen. If that is not easy enough you could choose rainbow or another colour scheme you like. What extra information does rainbow give you?
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b) Press [image: image2.jpg]<

Photometry



 and choose the aperture button on the popup window. You should see something like the image to the right on your screen and you will see your pointer is a target when you move it across the image.
c) Centre your target pointer over the reference star circled in Figures 1 and 2 on the previous page and click once. You should now have some data for the reference star and you will see what is shown in the image below. Record the count value that appears in the location circled on the 3rd line below. This number is called countref and you can write it here ____________.
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d) Then place your target pointer over some other star (use star 1 labelled in Figure 2 on page 1) in the cluster you want to measure and click once. Your data now looks like the image below. You should record the count which is countstar you have now measured here ____________.
[image: image4.jpg]perture Photometry [ MBO-B.fits ]
Mo (Classficaon  Cenler Ifladus Oufedivs Count  Bighiness ~ Mean D
T star (27e0, 7ese Ti7 el sl si7 a0
Tosr (27s0) 7ese 215 23 4 sizl0 10 oz
1 counc = 31009, Nethod = AUTO
2 stan (5231 Ge2 4 12 a2 ssz00  ass 23
2 coun = 7769, Hethod = AUTO





e) Now we have the values countref and countstar. To calculate a blue magnitude (Bstar) for the star 1 we need a formula. The equation is:
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So for our example we have already done this equation gives:
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So this means that the star we have measured in the image above has a blue magnitude B = 14.3928. Cool, we’ve done it. Now read the next few steps to see what else we need to do and you’ll then find out I have made an excel spreadsheet to do all these calculations for you.
Note:      you need to read all the instructions from step a) to i) before you start anything.
f) So you need to repeat step d) above for as many stars as possible in M80-B.fits. When you do this make sure you don’t go too close to the centre of the cluster where the light of many stars has blurred together and saturated the image. Choose only stars that have distinct round images and are separated form other stars by a reasonable distance. If you think a measurement you make is not good you can press the remove button and delete it. Note: If you remove the data for the reference star once you have recorded it the stars you measure will have the same number that you assign them. You can choose print once you have finished and your data will be saved as a .csv file which can be opened in Excel. You can then copy and paste special (values) into our spreadsheet.
g) You will then need to repeat all the steps above for the visible image M80-V.fits. To do this the equation will be:
[image: image9.png]count.o,

count,

v,

=11940-25
.




This will give you a set of visible magnitudes V so you will then have a B and V value for each star.
Note: It is very important that you match the B and V values for each star in each image. The B value you measured for star 1 must be recorded with the V value for that same star. The spreadsheet I have made you makes this a bit easier but using the images in this document to write down which star is star 1 etc is essential. So … if you are thinking it is going to be a lot of boring calculations then think again. I have made you a spreadsheet called “SGHS Faulkes Star Cluster Photometry.xlsx” with the equations above in it to do them for you. You will also use it to plot your graph.
h) Now open the Excel file “SGHS Faulkes Star Cluster Photometry.xlsx” in I:\SCIENCE faculty\Mr Stanger\astronomy club\SGHS Faulkes Telescope Documents\ and go and measure B and V values for as many stars as possible in the cluster from images M80-B.fits and M80-V.fits. Remember to record which star is star 1, star 2, star 3 etc and make sure this is the same for the B and V images. Note: When you complete this you will see that the spreadsheet has calculated a B-V value for each star.
i) Now you need to repeat the process for the open cluster NGC2420. The images we will use are NGC2420-B.fits and NGC2420-V.fits. You will see there is a sheet in the Excel spreadsheet file for the calculations for this cluster. A larger copy of this image is provided in Appendix B so you can record which stars you measure. Note: Once you have lots of B and V magnitudes for M80 and NGC2420 you can move on to part 2 on the next page.




The image below shows you what your screen should look like once you have measured 100 stars.
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Part 2
     Nearly there. Read through all the instructions in part 2 carefully before you start.

The spreadsheet should have now calculated B-V values for many of the stars in M80. If you get a few dodgy numbers then just forget them and use the good ones (I explain what are reasonable values below).
B-V values are a quantitative measure of the colour of the star and the number B-V is called colour index. Colour index values generally range from -0.6 to +1.4. Can you work out which end of the scale is a red star and which is a blue star?
Answer: Blue stars have B-V values that are closer to zero or negative and red stars have larger positive B-V values. If this is surprising to you take a look at the magnitude scale below.

The magnitudes the spreadsheet calculates should all be somewhere around the reference magnitude for the image or fainter. In the magnitude scale the closer to 0 the number is the brighter the star is. So most or all of the stars should be a fainter than the reference star so their magnitudes should be larger positive numbers (the magnitude scale is shown on the scale below).
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We can now plot our first graph. If you need help plotting graphs in Excel just ask for help and I have activities to help you. We can make an assumption now that all the stars are approximately the same distance away so their different brightness’s are due only to how much light they emit. We can therefore plot Vstar vs. B-V to obtain a Colour – Magnitude diagram (very similar to a Hertzsprung-Russell (HR) diagram). This diagram will allow us to compare the ages of these clusters by comparing the colours of the stars in the clusters. Generally, young stars are more blue and old stars are more red so the younger cluster will have higher B-V values and the older cluster will have lower B-V values. Give it a try, remove any values that look dodgy by deleting them from the spreadsheet and compare your graph with the example on the next page.
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Analysis
What trends can you observe in your diagram and what can you conclude about the age of the two clusters?
Discussion

The colour of a star is due to the temperature of its outer atmosphere. Relatively cool stars are orange or red and hot stars are white or blue. The temperature of a star’s outer layers is determined by how much energy a star is giving out and how far the star’s outer layers are from the centre of the star. Stars in open clusters are young (typically less than a few 100 million years old) so their stars are relatively small and there are many stars that are giving off a lot of energy. This means there are many stars that appear blue. Stars in globular clusters on the other hand are old (typically billions of years) so their stars are large because they have expanded in their old age and there are many that are giving off a relatively small amount of energy so their stars appear more orange or red.

You can see in the diagram on the previous page that the stars in the open cluster have lower colour indexes and therefore are more blue in colour. This supports the idea that these stars are from an open cluster since open clusters contain relatively young stars which are relatively blue in colour. So the identification of NGC2420 as an open cluster seems reasonable. The stars in the globular cluster are across a much larger range of colours and many of them are quite red indicating that they are old. Note: The graph of the stars from M80 is complicated by the fact that M80 contains stars called blue stragglers. These are thought to be stars that have formed when two stars collide and they appear blue when they should have already aged and turned red.
The sketch I have made below shows a clearer example of the colour-magnitude diagram for an open and globular cluster. You can see that as a cluster ages its stars move to the right on the diagram.
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Congratulations
You have now done the work an astronomer might do as part of their research. Most people will never experience doing something that a professional scientist does in their job. Well done (.
Appendix A
Finding B and V reference values for stars

To find reference magnitudes for a star in each image:

1. Open the image in Makali
2. Place your pointer in the centre of the brightest single star in the image and record its RA and DEC that is shown in the middle of the screen above the image. These are the coordinates of the star in the sky. This is like finding latitude and longitude for your position on the Earth’s surface.

3. Visit astronomical databases like the ones listed at the top of http://cdsweb.u-strasbg.fr/ and input the RA and DEC you have found. You will probably be able to find a set of B and V reference magnitudes for the star you are interested in.

Notes:
The reference star for the M80 images is circled in the image on page 1 and has coordinates RA = 16h17m08.15s and Dec = -22(56’32”. It has the calibrated magnitudes: Bref = 12.890, Vref =11.940 and Rref = 12.050. We are interested in the B and V values for this project.

The reference star for the NGC2420 images is circled in the image on page 3 and has coordinates RA 7h38m24.2s and Dec +21(32’54”. It has calibrated magnitudes: Bref = 12.75 and Vref = 11.51.
Appendix B


Notes:
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Notes:
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Figure 2: M80-B.fits as astronomers view their images when working with them. Inverted; with stars black and the sky white.





Figure 1: M80-B.fits as seen naturally with stars white and sky black. The reference star for this image is circled.





Figure 4: This image is NGC2040-B.fits and shows the centre of the cluster within the white box in Figure 3.
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Figure 3: This image shows the whole cluster NGC2420. Our image (Figure 4) is the area within the white box.�Image Credit: WIYN / NOAO / NSF
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