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Understand the Data

The data-run by Matt and I obviously did not work well.  The V and R filters did not get anything, not even the bias level, which was really surprising and disturbing.  We did manage to take biases and darks using one of the opaque filters, but ended up just using Eric’s data because it was all taken together.  

The first thing we did was to create a mean bias frame.  We used zerocombine to average the frames into one frame Zero1.fits.  The histogram is figure 1.  Notice that the shape of the histogram is not a Gaussian or Poisson distribution.  We also saw that there was a column of bad pixels that could be skewing the distribution.  Because of these two facts, we used imreplace to replace the values of all pixels with a value of greater than or equal to 1650 with a value of 1600.  We chose 1600 by eyeing the original histogram and noting about where the peak is.  The histogram of our replaced mean bias frame is figure 2.  This is much closer to a bell curve.  Our original replacement was replacing everything above 1615 with 1600 because any pixels with a lot of counts read >1615.  However, our resulting histogram (see figure 3) made us think that we were probably cutting out too many hits and were going to skew our results.  We never used this mean bias frame.
We then calculated the gain of the images.  To do this, we used the equation in Howell on pg. 53.  We chose two dome flats that ran for the same amount of time:  dome30sec_1.fits and dome30sec_3.fits.  We randomly chose two biases:  bias4.fits and bias9.fits.  We first performed the calculation using imreplace for the pixels in the biases with at least 1650 ADUs.  To subtract an image from another image we used imarith and input the two files, a – symbol, and the name of our difference image.  This image was called either biassub.fits or flat_sub2.fits, for the bias difference and flat difference, respectively.  Then, in order to find the standard deviation for these difference images, we used imstat.  We noticed that Howell mentioned that when taking the standard deviation the edge rows and columns should not be used because the adding in quadrature accentuates differences.  Therefore we calculated imstat[3:1020,3:1020], leaving out the first two and last four rows and columns.  This gave us a standard deviation for the flat of 175.4 and of 10.6 for the bias.  We then calculated the mean for the four original fits files.  We found that the mean of bias4 = 1600, bias9 = 1601, dome30sec_1 = 40685, and dome30sec_3 = 40438.  We then used our calculators to plug these values into the Gain equation that I have derived in Problem 1.  We both found a Gain of 2.54 e-/ADU.  
We then repeated the calculation without using imreplace on the biases.  We found that the standard deviation of the bias difference file was 11.14.  The means were exactly the same for each individual bias.  The gain was the same to two significant figures.  
We then calculated the read noise based on the equation from Howell and written in the homework Problem.  With the replaced pixels the read noise is 20.0 e-/pixel, and without replacing any pixels, the read noise is 19.0 e-/pixel.  

So now that we had the read noise, we could check to see if there was some spatial structure in the mean bias frame outside of read noise.  We used our mean bias frame Zero2.fits that included the replaced pixels.  Performing imstat on the range [3:1020,3:1020] we found a mean of 1600 and a standard deviation of 3.354.  By just looking at our frame we thought that the lower region had more hits than the upper region of the image, and we thought that there was some spatial structure to the mean bias.  However, we decided to check this idea by making two histograms, one of the higher rows [3:60], and one of the lower rows [960:1020].  These two histograms are figures 4 and 5.  Notice that the peaks of the histograms are at over 1590 ADUs and under 1610 ADUs.  The difference of about 16 ADUs is like a difference of 41 electrons.  This is well over the read noise that we calculated.  Thus there may be some spatial structure in the chip.  Based on the results we have, if the chip is read out bottom row to top, then charge transfer efficiency may be an explanation for the structure.

We then attempted to calculated the dark current based on the two darks.  One was a five minute exposure, and one was a one minute exposure.  When we subtracted the mean bias from the one minute dark, we found a mean of 50.02, and a standard deviation of 107.3.  When we subtracted the mean bias from the five minute dark, we found a mean of 266.2 and a standard deviation of 249.5.  I do not think that the standard deviation really means anything with the darks because they are not gaussian or poisson (see figure 6).  The one minute exposure gives us a calculated dark current of 50.02 ADUs/pixel/minute, or 127 e-/pixel/minute.  The five minute exposure gives us a calculated dark current of (266.2/5*2.54) 135 e-/pixel/minute.  These agree to within the read noise.  
We used combine to combine the dome flats for a mean flat.  Figure 7 shows the image.  There are some features that are observable in this flat.  There are some spots that are most likely unfocused dust particles.  There is also a light circle in the center which the manual mentioned may indicate a non-uniform temperature.  All in all, there seems to be a whole lot of structure in the mean flat.

To find the signal at which the CCD saturates we used the column plotting function of imexam.  We looked at “flux” levels from different columns of different flats.  At the thirty second flats the plots had a lot of variation in the flux from pixel to pixel.  In the one minute flats the plots had a completely flat top (see figure 8).  This is because the value of the top was the highest value that the program could count to for a single pixel.  That value was 58918.  If we highlighted a pixel that was saturated, it would not give a value, it would just have >58918 in the counts box.  58918 ADUs corresponds to 149651 electrons.  
