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Research on the relation between Type Ia supernova’s brightness
and galaxy’s distance 2

Supernovae are violent phenomena in which runaway of thermonuclear fusion causes whole star’s explosion. In spite of calling a supernova as “a new star”, this phenomenon occurs at the last stage of a star’s evolution. Since its brightness temporarily reach to a few hundred million times of our sun’s, we can find it from fairly far distance. It rarely occurs once in a hundred years at a galaxy, but there are many galaxies in the Universe, therefore by observing everywhere, a supernova can be found somewhere. Supernova has the type. The type of a supernova can be determined through a study of absorption and emission lines in its spectrum, or a shape of light curve of its brightness. The Type Ia supernova can become a distance index. Because Type Ia supernova’s maximum absolute magnitude becomes almost constant, therefore, by comparing with apparent magnitude, we can determine the distance to the supernova.

Images of the supernova were taken by Yasuo Sano of Nayoro City Kihara Observatory. The name of an image file represent the date when the image was taken. For an example, 422_c.fts represents that the image was taken on April 22 (2003). Images of 10 days between April 22 and June 27 are prepared.

1. Let’s find a supernova
A supernova’s brightness has changed as time goes on. In case of comparing an image with another day’s image, there is an object which brightness only had changed, then, it is a candidate for a supernova. If the object is found in a galaxy, it is surely a supernova.
Image processing software “Makalii” has convenience function named ‘Blink’ which is suitable for such use. At first, open two images each had been taken on different day. Next, click ‘Blink’ button at the command bar. As a ‘Blink’ dialogue box open, click ‘Start’ button. In either window of opened images, two images will displayed by turns as blinked. For the most case, difference of position must be adjusted by ‘Move’ button on the Image Shift panel. With looking for a bright star, adjust to the star’s position becomes identical. If two image’s position becomes identical, stars with no change will seem to be stopped, and a star which is changed will become conspicuously. In this state, let’s find an object which seemed to be a supernova. However, a bright point which can be seen in one image but can’t be seen in another image is a noise which is mixed in by various reasons or a casually displayed star due to the difference of each image’s field of view.
To stop the blinking, click ‘Stop’ button on the dialogue box.
Hint: If it is difficult to find a supernova, please change the combination of two images.
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[Question 1] The figure below displays the galaxy and its surrounding before a supernova’s appearance. Open some images of supernova, then, let’s find a supernova and mark it. (This image is displayed in “reversal gray scale”.)
2. Photometry and calculation of the magnitude
By measuring brightness of the specific supernova, we can determine the magnitude of it. For that, we must compare the star which magnitude becomes clear with measured photometric brightness. Here, two comparison stars are prepared. The coordinates correspond to the image of April 26.
	Comparison star
	x-coordinate
	y-coordinate
	apparent magnitude

	GSC 3866 276
	205
	320
	13.7

	GSC 3866 631
	213
	368
	14.4


Execute photometry of one of comparison star and the supernova. Open an image. Click ‘Photometry’ button on the command bar. A Photometry dialogue box will open on the image, then, drag and move the photometry dialogue box in order to see stars in the image.
On the image, the shape of mouse cursor becomes a circle. Enclose the object to be measured with cursor’s circle, then, click. Photometric result will be displayed on the dialogue box.
Photometric result is a value which is indicated at “Count =    ”.
“Count” of STAR line represents the total of pixel values of bright part of the central object.
“Count” of SKY line represents the total of pixel values of background around the object.
[Question 2] Execute photometry for the comparison star and the supernova at each date and record each measured value. Which star in the image of [Question 1] is used as a comparison star? Also record it clearly. In the column of apparent magnitude of the comparison star, fill in the star’s magnitude (13.7 or 14.4).
	date
	Days count from the first observation
	Comparison star
	Supernova
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3. Calculation of the apparent magnitude
Apparent magnitude of the observed star compared with the comparison star is represented as the follows.
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m0: magnitude of the comparison star, l0: photometric count of the comparison star

l: photometric count of the observed star
*
In this formula, a calculation of logarithmic value is needed, so, please use scientific calculator, spread sheet software or a table of logarithms.
[Question 3] Calculate the supernova’s apparent magnitude. 

Apparent magnitude                        
4. Maximum magnitude and the distance of the supernova
Draw a light curve of the supernova on the graph form in which the vertical axis represents apparent magnitude and the horizontal axis represents observation date. From this light curve, the apparent magnitude at maximum can be found. If the absolute magnitude at maximum can be found, then, the distance to this supernova can be calculated. If you already finished exercise 5-1, please use the calculated absolute magnitude.
The relation between the absolute magnitude and the apparent magnitude is as follows.
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r: distance [pc]

In this case, we want to found the distance, so, rewrite above formula according to r as follows.
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[Question 4] Draw a light curve and calculate the maximum magnitude. Vertical axis represents the apparent magnitude.
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	



Maximum magnitude                        
[Question 5] Calculate the distance to this supernova.

Distance                                  
[Question 6] The distance to the galaxy in which this supernova was found is estimated as 32.0Mpc by another method. Compare with your calculated value. 
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