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Introduction: Lightcurve observations, the 

change of an object’s reflectance over time, of Kuiper 
Belt Objects (KBOs) require large amounts of tele-
scope time, on moderate to large telescopes (2.5-8m) 
spaced in time, to properly sample the full set of pos-
sible rotation periods. To date these periods range 
from 3.9 hours (Haumea [1]) to 154 hours (Pluto-
Charon [2]) with an average of 7 to 9 hours [3,4,5] 
apparently dependent upon where the objects are lo-
cated in the Kuiper Belt. The amplitudes of the 
lightcurves provide information about the ellipticity 
of the objects themselves, however, this information 
is coupled with observing geometry (primarily effect) 
and physical surface properties (secondary effect). For 
example, a highly elongated object rotating in a face-
on orientation will present a very low amplitude 
lightcurve – as was the case for the New Horizons fly-
by object 2014 MU69 [6]. Likewise, a bi-lobed or con-
tact binary reflects a significantly lower amplitude 
lightcurve then a fully elliptical object in the same 
configuration. In this presentation we briefly review 
the current state of knowledge about Kuiper Belt 
lightcurves, we present the impact of geometry on 
various object configurations, and then attempt to de-
bias the reported KBO lightcurve measurements for 
geometric considerations providing a revised estimate 
for contact-binary fractions for the different dynam-
ical populations.  

Geometric Considerations/Biases of Observa-
tions: The most fundamental observation one can 
make of a distant object is the change of its reflec-
tance over time. An elongated object will present a 
double-peaked lightcurve whereby it reflects more 
light when viewed equatorally than at the pole, as-
suming that the object is in simple rotation around the 
shortest axis. Other factors that will affect the ob-
served lightcurve include: the sphericity of the object 
(a perfectly spherical objects with minimal surface 
inhomogeneities will present a ~flat lightcurve), albe-
do patches due to different surface composition, the 
object being a binary, contact binary or having some 
other irregular shape and the phase angle of observa-
tion – higher phase angles appear to result in larger 
amplitudes [7]. The average effect of each these con-
siderations can be modelled in a statistical sense, 
however the specific effect of these on any single 
object requires a significant amount of dedicated tele-
scope time for distant KBOs, and in some cases, ei-
ther facilities that allow for high resolution imaging 

or spacecraft in positions outside of Earth’s orbit, like 
New Horizons, to provide for observations from dif-
ferent geometric configurations.  

Since discovery of the first KBO [8] astrometry 
and photometry have been the primary means for un-
derstanding the locations, shapes and surface colors of 
these objects. While it is relatively easy to construct 
highly temporally resolved lightcurves for near Earth 
and main belt asteroids, KBOs have proven much 
more difficult since the majority of them have V>20. 
Integration times are typically 5-15 minutes per pho-
tometric point depending on telescope size and de-
sired signal-to-noise resulting in 40-100 datapoints on 
an average 9 hour rotation period assuming constant 
integration. Most observing programs sample multiple 
targets over a few consecutive nights so coverage on 
single objects is rarely dense limiting full shape inter-
pretation.  

A Review of Kuiper Belt Object Lightcurves: 
Summary studies of the KBO lightcurve database at 
progressive intervals have attempted to characterize 
the different dynamical populations. However, most 
lightcurves are not uniquely identified as single or 
double-peaked, and many flat lightcurves are not re-
ported. Duffard et al. [9] used Maxwellian fits to the 
published rotation frequencies distribution and found 
7.35 hours for the combined KBO and Centaur dataset 
and 7.71 hours for KBOs alone and 8.95 hours for 
Centaurs. A study by Benecchi & Sheppard [10] 
showed statistical differences between the Classical-
Scatted and Classical-Resonant populations with 
Classical objects having larger amplitude lightcurves 
then all other populations. Evidence for larger ampli-
tudes among smaller objects is further supported by 
the work of a Hyper-Suprime Camera variability sur-
vey of respectively fainter (and smaller) KBOs by 
Alexandersen et al. [11]. Recent work by Thirouin & 
Shppard [12] estimated a high contact-binary fraction, 
up to 40%, among resonant objects. They also found 
Cold Classicals to have lightcurves averaging 
9.48±1.53 hours when separated out from the KBO 
population in general, for which the average rotation 
period was revised to 8.45±0.58 hours [13]. They es-
timated that the contact binary fraction for Cold Clas-
sicals, 10-25%, is significantly less than that of the 
Resonant population.  

Debiasing the Lightcurve Database: A statistical 
study was carried out by Lacerda [14] to estimate the 
detectability of KBO lightcurves assuming on an am-
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plitude threshold since, in general, amplitudes are 
easier to measure robustly for KBOs then shapes. 
They considered the implications of sphericity and 
observing geometry at a basic level, however, they 
provide no specific numeric results since the 
lightcurve database at the time of write was quite 
small. They indicate that over time comparison of 
KBO lightcurves to those of asteroids will be able to 
tell us whether the KBO shapes are primarily colli-
sional or accretionally derived. In our analysis of the 
2014 MU69 lightcurve we modelled the impact of a 
primarily face-on geometry coupled with a contact 
binary or elliptical object (Figure 1) on the observed 
photometry. The primary implication of the fly-by 
observations [15] coupled with the earth-based 
lightcurve campaign is that the contact binary fraction 
of the different dynamical populations is likely being 
underestimated which we will attempt to quantify.  
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Figure 1. (Top): Model ellipsoidal lightcurve results 
for the full range of pole inclinations based on the 
work of Connolley & Ostro 1984. (Bottom) Model 
contact binary light curves for the full range of pole 
inclinations assuming both objects are completely 
spherical, there is no “neck” and that the light reflect-
ed from each object is exactly proportional to the vis-
ible object area. The 14° inclination of 2014 MU69’s 
pole relative to the Earth is highlighted in red on each 
of these plots and changes by a factor of 6 between 
the two configurations. While these models are both 
simplistic, for a lightcurve amplitude as large as the 
scatter in our data, 0.15 magnitudes, to be produced 
would require a contact binary pole inclination of 
≥52° or an ellipsoidal pole inclination of ≥40° (gray 
area in each plot). From Benecchi et al. [16]. 
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