
Ay20: Asteroid Photometry 
 
The P60 data and the analysis software are installed in the public computer lab in the first 
basement of Robinson. 
 Username: 
 Password:  
The software and data are set up on draco, so either use draco or login to another 
computer and issue the following command in a terminal to work on draco remotely: 
 ssh –X ay1@draco 
(If you are asked “Are you sure you want to continue connecting?” answer yes.) 
 
The data are placed in the postrema subdirectory. Enter 
 cd postrema 
 ls 
to view the contents. The files are named by the night the data was taken, followed by a 
number indicating the order of images within the night. For instance, the file 
Postrema7NovUT_2.fits was the second image taken on 7 November (UT). All 
the images within a single night were taken with the same set of background stars, as you 
will see. On the second night, we returned to the star field of the first night in order to 
provide comparison for photometry. This data is stored in 
Comparison_7Novto6Nov.fits. 
 
These images have been reduced automatically by the P60 pipeline (bias subtraction, flat-
fielding, cosmic ray removal, astrometry, stacking the two 60s exposures, etc.) However, 
the sky background has not been subtracted. 
 
To view the FITS images, enter 
 ds9 P*.fits & 
From the panel of buttons above the image, click “Frame” and then “Single.” You can 
use the “Zoom” button followed by “+” or “-“ to adjust the field of view. From the 
“Frame” menu, select “Match Frames” and “WCS” to align the images. By pressing the 
tab key you can cycle through the images. Shift-tab moves in reverse. Doing this allows 
you to identify the moving asteroid. (Note that as you move between nights you may 
want to repeat the “Match Frames” step to keep the image on screen.) You can pan the 
field of view around the image using the postage stamp image in the upper-right corner. 
By selecting “Display FITS Header” from the “File” menu, you can view the header, 
which contains important information about how the data was obtained: the most relevant 
for this project is the exact time of observation. 
 
Next we will measure the magnitudes of the sources in each image. Since we are 
measuring relative photometry only, the zero-point is irrelevant. That is, the magnitudes 
we measure in each image will be offset from the true magnitudes by an additive constant 
– but since we are interested in magnitude differences only, this is fine. The following 
command will find the objects in Postrema6NovUT_1.fits and overlay circles 
around them in ds9 with the magnitudes annotated. Before issuing it, make sure this 
image is the one currently being displayed by tabbing through if necessary: 



 
hfindpeaks Postrema6NovUT_1.fits –n 20 | getsky –Z rg 5 | 
apphot –R 6.6 –z 25.0 | xpaoverlay –x –R 2.5 –l mag –n 
 
(Note this is a single line, and the | character is the vertical pipe: shift-\) What does this 
do? 

• hfindpeaks finds peaks in the image, i.e. stars and galaxies. The –n 20 is to 
prevent you from being overwhelmed by many marginal detections by requiring 
each object to have a signal-to-noise of at least 20 after smoothing by an optimal 
filter. (See what happens with a lower threshold if you have time.) 

• getsky measures the sky background and its gradient around each object. This 
is done in an annulus of inner radius 16 and outer radius 32 pixels, by default. 
The –Z rg 5 excludes pixels near other objects from this background 
calculation to avoid contamination. 

• apphot performs aperture photometry. –R 6.6 specifies the aperture radius in 
pixels. For the P60, 6.6 pixels is 2.5 arcseconds; the aperture is thus 5 arcseconds 
across. –z 25.0 gives a bogus but approximate zero-point. This program just 
adds up the pixels within the 5 arcsecond aperture, subtracts the background, and 
computes m=-2.5*log(sum of pixels) + 25.0. 

• Finally, the xpaoverlay command plots the results in the ds9 window. The –R 
2.5 gives the radius of the circles, now in arcseconds. 

 
Feel free to experiment with this and use any method you wish. Help is available for each 
of these commands with the –u option (e.g., getsky –u). If you are familiar with 
UNIX, the output of any stage can be directed to a file in the ay1 home directory and later 
displayed with lc < filename | less 
 
By repeating this for each image you will obtain all the photometry you need. Note that 
you can retrieve the previous command in the terminal by pressing the up arrow key, so 
only the filename needs to be re-entered. If you are interested in the astrometry of the 
asteroid, the exact location in each image has been computed: double-click on the circle 
surrounding it, being careful not to move it, and from the “Coordinates” menu select 
“WCS” and (if you wish) “Sexagesimal.” 
 
Note on Errors:  
Since the magnitude zeropoint was set to 25.0 above, you can recover the total number of 
counts in the aperture by m=-2.5log(counts) + 25. (Here “counts” has been sky-
subtracted.) The units of “counts” are ADU/minute, and ADU (analog-to-digital units) 
are related to the number of electrons recorded by electrons = ADU * gain. The two chips 
of the P60 CCDs have different gain, but you can use the average value 2.5 for 
simplicity. Since the total exposure was 2 minutes, multiply by 2 then to get the total 
number of electrons. The reason this is of interest is that Poisson statistics applies to the 
number of electrons, not ADU or ADU/minute etc. You can then estimate the Poisson 
error. (Note that these sources are so much brighter than the sky background that this 
should dominate Poisson error from the sky, and also read noise, etc., but feel free to 
estimate these to verify.) I suspect you will find, however, that the error is dominated by 



the calibration process. That is, the reference stars’ change in magnitude between frames 
should be nearly the same, but there will be scatter. 


