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DISCOVERIES, IMPLICATIONS, AND 
PRACTICALITIES OF OBSERVING SOLAR 

SYSTEM OBJECTS
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LOGISTICAL CHALLENGES AND 
LESSONS FROM COL-OSSOS

• Moving/Variable Targets

• Custom Reduction/
Measurement Software

• Leveraging Gemini LP 
program to expand the 
science



LOGISTICAL CHALLENGES 
FOR COL-OSSOS

• Avoid observing 
when the targets are 
close to stars

• Accurate orbit 
prediction and careful 
inspection of 
background sources 
near object orbit

Moving/Variable Targets Priority Visitor Observing
• Checking for background 

sources is time consuming 
and the restricted windows 
PV provides means we can be 
more careful about each night 
the target might be observed

• Since the majority of LPs 
don’t use Solar System 
targets, if you have additional 
questions I’m happy to discuss 
more later.
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LOGISTICAL CHALLENGES 
FOR COL-OSSOS

• Requires complete 
unbroken photometry 
sequences (near-
simultaneous photometry)

• Alternating filter sequence 
with optical bracketing NIR 
for variability tracking

• Separate J-band stacks to 
measure variability during 
the J-band observations

Moving/Variable Targets Priority Visitor Observing

• Achieves the best results

• Program is riskier, because 
it requires stable good 
conditions for several hours

• Suggestion for other 
Priority Visitor LPs: Discuss 
starting your program 
before your PV run with 
your contact scientists



CUSTOM SOFTWARE:
TRIPPY

• Accurate photometry of 
moving objects is challenging

• Our team developed custom 
software to account for object 
motion and carefully correct the 
aperture shape

• We use a ‘pill’ aperture to 
measure TNOs 

• The increase in SNR facilitates 
science goals

• The customized package speeds 
up the data measurement

fractional flux excluded from circular apertures of 1 and 2
FWHM versus source trail length. In addition, we present the
effective background-limited decrease in photometric precision
of a trailed source compared to the stationary equivalent when
an aperture large enough to include >99% of the source flux is
utilized. The curves in Figure 1 were measured from ideal
trailed sources of various lengths, generated from a moffat
profile with FWHM = 5.5 pixels.

As can be seen, as long as the aperture radius is at least as
large as the trailing length in the image, the flux excluded by
the use of a circular aperture is no more than ∼5%, a loss that
can be effectively ignored for low S/N (15) measurements.
Higher precision photometry, however, is possible with
knowledge of the TSF, and a reasonable choice in aperture
shape.

To that end, we introduce the pill aperture. An example of
this aperture is presented in Figure 2. The pill can be described
as a rectangle with two semicircular end-caps, and is
characterized by three parameters, which are depicted in
Figure 2. These parameters are the trail length or how far the
target has moved during an exposure, l, the “radius,” r, which
describes the half-width of the rectangle and the radius of each
end-cap, and the angle of trailing on the image, α.

Compared with the use of a large circular aperture, the pill
aperture avoids both the decrease in S/N and flux under-
estimation. For comparison with Figure 1, in the background-
limited case, a pill aperture with r = 2.5 FWHM gathers ∼99%
of the source flux, and compared to a large circular aperture,
results in 20% and 100% increases in S/N for trail lengths of
l = 1 FWHM and l = 4 FWHM, respectively. These S/N
improvements jump to 100% and 320% for a small pill with
r = 1.5 FWHM.

Accurate photometry clearly depends on knowledge of the
trail length, l, and angle, r, in an image. The effects of using
incorrect values are presented in Figure 3 where we plot the
fraction of flux contained within an aperture with an incorrect l
or α, compared to what it would be with the correct choice in l

Figure 1. Flux loss of a trailed source measured with circular apertures of radii
1 and 2 FWHM (solid thin and thick curves) vs. trailing length in units of the
image FWHM. The dashed line (right ordinate) presents the S/N ratio between
the trailed source, and a circular equivalent, both measured with circular
apertures large enough to encompass >99% of the source flux. The three
vertical lines represent the trailing of objects at 5, 16, and 40 au, observed at
opposition in 0 7 seeing with a 300 s exposure. The unevenness of the flux
loss curves are due to pixel noise of the artificial images from which those
curves were generated.

Figure 2. Example of a pill aperture. The full aperture, outlined in solid white,
is the combination of a rectangle of length l, and width 2r, with two
semicircular end-caps of radius r, all rotated at angle α. For aperture
photometry, the background is measured inside a user specified box, and
outside a pill aperture with larger r (but the same l). The image is a 480 s
exposure of asteroid 2006, Polonskaya, taken on 2008 January 15 14:40:25
UTC when the asteroid had a rate of motion of 19 04 hr−1 at angle 30°. 9. The
peak pixels are nearly 9000 ADU brighter than the background.

Figure 3. Fractional flux error as a function of error in l and α. Curves are
shown for l values of 1, 2, 3, and 4 FWHM (solid, dashed, dotted, and dashed–
dotted lines, respectively). Small errors in l result in significantly larger
photometric errors compared to small errors in α.
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The Astronomical Journal, 151:158 (7pp), 2016 June Fraser et al.



• TRIPPy was designed 
specifically for observations 
of this type

• It was written by Wes Fraser 
very early in the LP process- 
this is the first paper from 
the LP team

CUSTOM SOFTWARE:
TRIPPY

Software Details Software Recommendations

• Prioritize creating software or 
wrapper scripts for science 
measurement specifically 
designed for the LP project

• Divide the data measurement 
and preparation steps between 
team members, so each person 
has a manageable task list



LEVERAGING THE GEMINI LP: 
INCREASING IMPACT

Concurrent Program 
expansions

• CFHT u-band DD time

• Subaru z-band 
observations

Program expansions based on 
results

• Gemini FT followup of unusual 
objects (e.g. possible surface 
silicates)

• Gemini DD for interstellar object in 
context of this project

• Other telescope programs based 
on science results (e.g. LBT)



• Regular team meetings to discuss followup science 
and determine who leads specific proposals/projects

• Make the LP software and analysis techniques and 
people available for all expansion programs to 
facilitate analysis and quicker publication

LEVERAGING THE GEMINI LP: 
INCREASING IMPACT



SUGGESTIONS BASED ON OUR 
COL-OSSOS EXPERIENCE

• Optimize scheduling by discussing your priorities 
with your contact scientist early

• Prioritize analysis software development

• Build on the success of a Gemini LP to expand the 
program and impact: other facilities, wavelengths, and 
targets



~THANK YOU~

Rosemary E. Pike
Col-OSSOS: www.colossos.net
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