Department of Physics and Astronomy

ASTRONOMY 2 LABORATORY

Pleiades Photometry and Spectroscopy

Aim

To gather photometric and spectroscopic data – using a virtual telescope – on stars in the Pleiades star cluster.  Using this data, to calculate the distance to the Pleiades from estimated spectral types and via the observed Main Sequence of the cluster.  

Task List

1. Gain familiarity with stellar spectral classification.

2. Obtain and classify spectra for stars in the Pleiades star cluster.

3. Estimate the distance to the Pleiades using measured spectral types of Pleiades stars.  

4. Obtain B  and V  band photometry for stars in this cluster.

5. Construct a colour-magnitude diagram and identify the Main Sequence.

6. After correcting for extinction, estimate the distance to the cluster using stars on the observed Main Sequence.  Compare your answer with the results of step (3).  

Summary       

This experiment investigates the methods of spectroscopy and photometry for classifying stars, and estimating the distance of the Pleiades star cluster.  This cluster is one of the most famous naked-eye objects in the sky and is also known as the Seven Sisters.

There are in fact more than one hundred stars in the Pleiades cluster and you will examine a subsample of these, using a realistic simulation of a UBV photometer and spectrometer attached to a moderate-sized research telescope.  By first classifying the spectral type of a number of cluster stars, and then measuring their B, U and V band photometric magnitudes you will estimate a distance to the Pleiades – taking into account the effects of interstellar reddening.  (It is, of course, necessary to assume that the stars in the cluster are all at the same distance; although this not entirely correct, for this experiment it is an acceptable assumption).      

To begin the experiment, first you will ‘learn’ the technique of stellar spectral classification using a set of reference stars.  You will then classify the spectral types of a number of stars in the Pleiades, and by comparing their measured apparent magnitudes and absolute magnitudes estimated from their spectral types you will obtain an estimate of the cluster distance.

You will then observe these stars again using a second program, which simulates multicolour filter photometry.  The program records how many photons are detected, for a given exposure time, by a CCD photometer operating with particular Johnson filters.  These photon counts can then be converted into apparent magnitudes.  You will make both B and V band observations, permitting the construction of a colour magnitude diagram for the cluster.  Measuring B – V colours will also allow you to correct for the effect of interstellar reddening on your cluster distance estimate.

Method

Links to the two programs required for this experiment can be found on the desktop of your computer.  The programs are called: Stellar Spectra and Pleiades Photometry.


Note that both the Stellar Spectra and Photometry programs require that you (and your lab partner) log in.  By doing this, the system will automatically save your data under a filename related to your login name(s) and – the next time you log in – will continue to save data to this filename.  Note also that, after logging in, you can access detailed help files.  You should read these files and take time to familiarise yourself with the operations of the telescope.  The help files explain how to manoeuvre the telescope and record results.

Step One:  Familiarising Yourself With Stellar Spectral Classification

The computer program here consists of two parts.  The first part is a spectrum display and classification tool, allowing you to compare spectra with known standard spectra.  By examining the digital spectra of a number of unknown stars you should determine the spectral type of each star – recording your results and making a brief note of the reason for your choice of classification. The unknown spectra can be compared with a representative atlas of thirteen standard spectra, and by looking at the relative strengths of characteristic absorption lines, you can estimate the spectral type of the stars to about one tenth of a spectral class.

Procedure

1. Click on File, then select Run and Classify Spectra.  This gives you access to the classifying tool.  In the standard display, the centre panel will show the spectrum of the unknown star and the top and bottom panels show the spectra of standard stars with which you can compare the unknown spectrum.

2. In the File menu there are three options: Unknown Spectrum, Atlas of Standard Spectra and Spectral Line Table.  Select Program List from the Unknown Spectrum option.  From the list provided, choose one of the stars  (e.g. HD 124320).  The spectrum will appear in the centre panel.

Look at the spectrum carefully.  Note that the spectrum is a graph of intensity (which is normalised to give a maximum value of 1.00) against wavelength.  The spectrum consists of a (more or less) smoothly varying continuum, and absorption and emission lines from transitions in atoms and ions in the stellar atmosphere.  (By selecting File, then Preferences, then Display, you can switch from an intensity graph to a grayscale plot of the spectrum).

3. From the File menu open the Atlas of Standard Spectra; you can now classify the spectrum of each star in the Program List.  Note that for the purpose of this experiment you require the Main Sequence Atlas.     You can compare the two spectra by eye, or in a more quantitative fashion by choosing the difference option.  Here you will see in the bottom panel the difference, as a function of wavelength, between the unknown spectrum and the atlas spectrum.  Depending on how the intensities of the two spectra vary, the difference panel will display bumps and troughs – with a horizontal line indicating no differences (i.e. a perfect match). 

Classify as many of the spectra in the Program List as possible (there are 25 in total), making sure that you are familiar with the distinguishable lines and features that can identify different spectral types.

Explore the other options in the program; for example look at the Spectral Line Table in the menu, and note the types of elements – and the position of the spectral lines – present in the stars you classify.  You may find this tool useful in the next stage of the experiment.  

Step Two:  Taking Spectra using a Simulated Telescope and Digital Spectrometer 

The second part of the computer program is a realistic simulation of an astronomical spectrometer attached to a 0.4m telescope.  The program will display the spectrum of the source (shown as an intensity graph) as it builds up while photons are collected, and eventually it will be possible to see distinct spectral lines.

Procedure

1. Click Dome to open the telescope dome and switch on the Tracking.  From the Field menu select the Pleiades.  Manoeuvre the telescope, using the N,S,E,W controls, so that there is a star in the field of view (a red box).  Click on Change View to select the spectrometer slit.  Remember to position the star between the two lines to allow the maximum light to be captured.  Make a note of the RA and Dec of the star being observed.  Click on Take Reading to begin integration.  The Signal-to-Noise ratio will increase steadily as the integration proceeds, and should be at least 100 before you stop integrating.  You must decide for yourself what is an appropriate integration time, to balance an efficient observing schedule versus accurate spectral classification.  (In fact, for the brighter stars, integration will stop automatically after a short time).

2. Having completed the integration for your first star, you must save your results by selecting the SAve option. Your saved spectrum will be labelled by a 3 character identifier.  Remember to record in your lab book the V band apparent magnitude and HD number of the star.  Repeat this procedure (from Step 1) for all of the stars on the Photoelectric Photometry Data Sheet (see Steps 4 and 6 below).

3. You must now classify the spectral types of the stars you have observed.  This is done using the Classify Spectrum tool, as before.   To see the spectra you have just taken and saved, you should click on File, and choose the Unknown Spectrum and Saved Spectrum options.  Proceed then as in Part 1, using e.g. the difference tool to compare your saved spectra with Main Sequence templates.

Step Three:  Calculating the Distance of the Pleiades Using Spectral Types

Now that you have both a spectral classification and a V band apparent magnitude for a number of Pleiades stars, you can estimate the distance to the cluster.

Use the data in the Appendix to assign an estimated V – band absolute magnitude, 
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, to each of your Pleiades stars.  Next use the distance modulus relation:-
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to estimate a distance, in parsecs, for the Pleiades.  Think carefully about how you might assign an error to your distance estimate.

Step Four:  Obtaining B and V band Photometry for Stars in the Pleiades Cluster

The computer program, Pleiades Photometry, presents a realistic simulation of a Johnson UBV filter photometer attached to 0.4m research telescope (as in Part 1).  Different filters can be used for each observation and the integration time can be varied. Since the photon arrival rate fluctuates (according to Poisson statistics), a number of integration times between 1 and 5 can be chosen, and the resulting photon counts averaged.

Note that, as with the spectroscopy program, there is a detailed Help file within the photometry program that explains how to manoeuvre the telescope, take readings etc. You are advised to consult the help file and familiarise yourself with the workings of the telescope and photometer before beginning to take readings.

Procedure

1. Open the Dome, switch on the Tracking.  Click on Change View to change the display from the wide field of view of the finderscope (a red box) to the narrow field of view of the telescope aperture (a red circle).  Since the aperture is much larger than any of the stars under study, and the sky is not perfectly dark, the sky within the aperture will contribute a certain number of photons over and above those originating from the star.  These unwanted photons can be subtracted by taking a Sky Reading.  To do this, move the aperture to a position that it is free of any stars and take readings of this part of the sky in all three filters.  Record these results (i.e. mean photon count rate per second) before beginning to take any observations of the Pleiades stars.  (Note that each time the program is rerun, a new sky calibration must be carried out).

2. Close the Photometer Window by clicking Return; this returns control to the Telescope Control Window.  For each of the 24 stars on the Photoelectric Photometry Data Sheet, manoeuvre the telescope until the star is in the centre of the aperture, and take B and V – band magnitude measurements. Note that you can use shorter integration times for brighter stars to save time.  The simulation program converts mean photon counts per second into apparent magnitudes using reference data for standard stars – i.e. stars of known apparent magnitude.  Thus you don’t need to carry out this conversion yourself.  As a cross-check, however, you should note the mean photon count rate, N, in the B and V – bands for several of your Pleiades stars and verify that the following relation holds (after correcting for the sky background)
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Step Five:  Plotting a Colour-Magnitude Diagram  

Now that you have recorded magnitude data for all stars on the data sheet, you should display your results as a colour-magnitude diagram: a plot of V – band magnitude as a function of colour index, B – V.  Choose a suitable range for the data. 

Look at the values calculated for the colour indexes of the stars you have observed.  Hot blue stars have low, even negative, colour indexes.  Cooler red stars have B – V  values somewhat greater than unity.

a. Identify the Main Sequence.

b. Identify three possible red giant stars.

c. Consider the star near RA 3h 44m and Dec 24d 35”.  It seems curiously out of place with the respect to the main sequence.  What type of star might this be?  Upon what did you base your decision?

Step Six:  Calculating an Extinction Corrected Estimate of the Distance to the Pleiades

Table 4 in the Appendix gives V – band absolute magnitudes and unreddened  B – V  colours for main sequence stars.  This information will allow you to improve your estimate of the cluster distance, obtained in Step 3, by correcting for the effects of extinction – due to e.g. dust in the foreground of the Pleiades.  Extinction would make the Pleiades stars appear dimmer than they really are; ignoring its effect would lead to an overestimate of the cluster distance.

Procedure

1. Using the spectral classifications which you obtained in Step 2 for the 24 Pleiades stars on the Data Sheet, compare your measured B – V  colours with the unreddened values given in Table 4 of the Appendix.  Hence, estimate the colour excess of each star, defined by the equation
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2. Estimate the V – band extinction of each star, 
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, using the approximate relation  
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3. After correcting your measured V – band magnitudes for extinction, use the same procedure as in Step 3 to compute an estimate of the distance of the cluster by averaging the distance estimates obtained for each star on your observed Main Sequence.

Given that the Sun is a G2V (Main Sequence) star, with a B – V of approx +0.62, can you calculate the apparent magnitude of the Sun if it were located in the Pleiades Star Cluster?

Appendix

Table 1: Main Sequence stars,
 (Lum. Class V)

Table 2:  Giants,  (Lum. Class III)

	Spectral Type
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	O5
	-5.8

	B0
	-4.1

	B5
	-1.1

	A0
	+0.7

	A5
	+2.0

	F0
	+2.6

	F5
	+3.4

	G0
	+4.4

	G5
	+5.1

	K0
	+5.9

	K5
	+7.3

	M0
	+9.0

	M5
	+11.8

	M8
	+16.0

	Spectral Type
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	G0
	+1.1

	G5
	+0.7

	K0
	+0.5

	K5
	-0.2

	M0
	-0.4

	M5
	-0.8


	



         Table 3: Supergiants,  (Lum. Class I)
	Spectral Type
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	B0
	-6.4

	A0
	-6.2

	F0
	-6.0

	G0
	-6.0

	G5
	-6.0

	K0
	-5.0

	K5
	-5.0

	M0
	-5.0


Table 4:

V band absolute magnitudes and unreddened colours for Main Sequence stars

	
[image: image10.wmf]V

M


	
[image: image11.wmf](

)

0

V

B

-


	Spectral Type

	-5.8
	-0.35
	O5

	-4.1
	-0.31
	B0

	-1.1
	-0.16
	B5

	-0.7
	0.0
	A0

	2.0
	0.13
	A5

	2.6
	0.27
	F0

	3.4
	0.42
	F5

	4.4
	0.58
	G0

	5.1
	0.70
	G5

	5.9
	0.89
	K0

	7.3
	1.18
	K5

	9.0
	1.45
	M0

	11.8
	1.63
	M5

	16.0
	1.80
	M8
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