Optimal photometry in practice

The following data were obtained with on the night of 28-29 October 2008. There's
nothing special about this dataset — it just happens to be one of the most recent from
my observatory. The target was Al Tri.

The telescope was a 30 cm Meade SCT, used with afocal reducer to give f/6.3. The
camerawas a Starlight X press MX 916, operated with 2x2 binning. No colour filter
was used. The exposure time was 30 seconds.

Here' sthe field — a stacked frame all 322 images:

Data reduction followed my usual procedure: When the images were dark/flat
corrected, a star search routine was used to find stars within the image, and the
centroid positions written to afile. Four stars (a, b, ¢, d) were then chosen as fiducial
stars, and a pattern recognition algorithm used to compute the offset for each imagein
the series, relative to the first. With this offset/rotation data, the positions from each
frame were combined to give better positions. The positions were then further
improved by PSF fitting for each lettered star (above) in individual images; star b was
used to get the PSF shape (also used for the optimal extraction), then this PSF was
used to refine the positions. Finally, the PSF positions for all the frames were
combined, and the offset/rotation table was updated using these (best) PSF positions.

The reason for this elaborate position finding / image alignment exerciseis that the
photometry algorithm can use an exact, predetermined position obtained from many



images, and does not have to recentre the star in each image. Thisis essential when
working with very faint objects (for which one might determine the positions from a
stacked image, although that was not necessary here).

Photometry was carried out for al the stars except d, using star b as the reference star.
Sky backgrounds were obtained from a 60x60 pixel box centred on each star of
interest

For the optimal extraction, star b was used as the PSF star. However, as a special
exercise, PSFsfor a, ¢ and d were also determined, and hereis a plot showing the

PSFs versus time:
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(Strictly, thisis the north-south FWHM; the east-west FWHM is determined
independently as the image may sometimes be elongated due to tracking errors).

In addition to optimal extraction photometry, | aso carried out aperture photometry
with aperturesof 1.5, 1.7, 2.0, 2.5, 3.0 and 3.5 pixelsradius.



Hereis asummary of the dispersions obtained with the various methods. ‘ Best
aperture’ refersto the best of the apertures listed above.
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Things to note:

e For aperture photometry, fainter stars require asmaller aperture — although |
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did not try apertures smaller than 1.5 pixels radius.

e With one exception, optimal extraction gives better precision (less scatter)
than aperture photometry, at least with the apertures tried. It seemsto offer

more improvement for fainter stars.
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e Useof optimal extraction obtains the best precision at the first attempt, rather

than having to try a series of apertures and then choose which works best.

The exception is star ¢. Thisisaso the only star (except Al Tri!) for which optimal

photometry suggests a significant change of brightness with time:
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On the other hand, aperture photometry, using alarge aperture, suggests the
brightness is constant:

star c - aperture photometry (r=3.0)

0.54
0.53
0.52
0.51

0.5

flux (wrt b)

0.49

0.48

0-47 T T T T T T T T
205 21 215 22 225 23 235 24 245 25

If one fits a straight line to the optima extraction data, the dispersion from the line
reducesto 0.016 mags. Nevertheless, there seems to be a problem associated with
optimal extraction for this star.

A possible explanation for this differenceis asfollows: It isa basic assumption of
photometry that all stars must have the same PSF. This assumption is more crucial
if the aperture is small, so as not to transmit all the star’slight (asisrequired to
maximise SIN if the target is faint). Optimal extraction isparticularly dependent on
this assumption, since givesmore weight to pixelsin the core of the stellar image.

More careful examination of the PSF-fitting data suggests this may be the cause of the
problem observed here. Plotting theratio of FWHMsfor stars ¢ and b, indicates a
steady change throughout the run. Star ¢ appearsto have a dlightly wider image than
than b in the early part of the run, which would be consistent with its appearing
dightly fainter.

FWHM ratio: ¢c/b
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Why would the PSF ratio change with time? | don’t know, but possibly chromatic
aberration combined with a slow shift in focus would cause this effect. My
photometry is unfiltered — which is appropriate given the faintness of the targets— but
consequently is more sensitive to any problems related to chromatic aberration.

On other datasets, I’ ve dso seen isolated stars which have different PSFs (perhaps
suggesting chromatic aberration, or that the star is double) or the PSF change
systematically across the field of view (indicating poorly collimated optics— I’ ve
since improved the collimation!).

Summary:

For data whichis sampled as well, or better than, that shown here:

Optimal extraction is a useful technique for fainter targets, for which it gives precision
better than, or at least as good as, aperture photometry.

It removes the need to try lots of different apertures to find which is best for a
particular data set

For brighter stars, where the error from photon statistics is small, other sources of
error may become significant. One then needs to be careful. In these cases aperture
photometry may give better results than optimal extraction.

M ethods which — based on photon statistics considerations - give particular weight to
the core of the stellar image, are sensitive to the requirement that all stars must have
the same PSF.



