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Introduction: New Horizons images of Kuiper 
Belt object 2014 MU69 (hereafter referred to informal-
ly as “Ultima Thule” or UT) dramatically revealed that 
it is a contact binary, comprising two nearly spherical 
lobes attached by a very narrow “neck”[1]. In spite of 
its elongated shape, UT has a rotational lightcurve with 
a very low amplitude Δmag ~ 0.2[2]. This is primarily 
a consequence of UT’s bilobate shape, not the orienta-
tion of its rotation pole. 

Motivated by this result, we show that, for a ran-
domly oriented population of KBOs, the expected dis-
tributions of lightcurve amplitudes for contact binaries 
and for ellipsoids are very different. This potentially 
makes it possible to perform a statistical test to deter-
mine which of these shapes provides a better descrip-
tion for typical KBOs.   

 Models: Figure 1 shows two very simple models 
for KBO shapes: a featureless pair of touching spheres 
and a featureless ellipsoid. Both are observed at zero 
phase and have surfaces that obey Lambert laws. The 
size ratio of the two spheres is 0.7, similar to that of 
UT’s two components (Fig. 1a). The ellipsoid has an 
axial ratio of 1:1:1.4 (Fig. 1b). These two shapes have 
the property that they have nearly identical cross-sec-
tions when viewed along the long axis and also when 
viewed perpendicular to the long axis. In Figures 1c,d, 
we place the rotation axis 50° to the right of the line of 
sight (into the page) and rotate each model 90° coun-
terclockwise about this axis. For the pair of spheres, it 
is apparent that the smaller sphere obscures only a 
small portion of the larger sphere. As a result, this 
model would show only a modest decrease in the total 
reflected sunlight. For the ellipsoid, on the other hand, 
the overall cross-section of the body is substantially 
reduced in this orientation. Figure 2 shows the predict-
ed rotational lightcurves for each of these shapes. 

We can generalize the example above to any rota-
tion pole and for a variety of sphere size ratios or ellip-
soidal axis ratios. Figure 3 shows the peak-to-peak 
Δmag for arbitrary separation angle ϕ between the line 
of sight and the rotation pole. Every model shows an 
amplitude of zero when the pole and the line of sight 
are aligned (ϕ = 0). Every model shows a maximum 
when the ϕ = 90°. The key differences appear at inter-
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Figure 1. (a) A two-sphere model similar to UT, viewed from 
normal to the long axis. (b) An ellipsoid with similar cross sec-
tions both normal to the long axis (shown here) and looking 
down the long axis (not shown). (c) The two-sphere model of 
panel a, rotated 90° about an axis 50° to the right of the line of 
sight. (d) The ellipsoid after the same rotation.

Figure 2. Rotational lightcurves for the two-sphere model 
(Fig. 1a,c) in red and the ellipsoid model (Fig. 1b,d) in blue for 
rotation about an axis 50° off the line of sight.
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mediate ϕ. In Fig. 3, the horizontal axes are scaled so 
that equal steps correspond to equal intervals of solid 
angle (using x ∝  1 - cos ϕ), and hence equal steps in 
probability if rotation poles are distributed uniformly 
over 4π steradians. When averaging over all possible 
rotation poles, two-sphere models on average show 
significantly smaller Δmag than do equivalent ellip-
soids. For example, in the two-sphere model, 30% of 
all bodies would have Δmag ≤ 0.1 and 44% would 
have Δmag ≤ 0.2. For ellipsoids with axial ratios of 
1.4, those fractions are only 12% and  22%, respective-
ly. In order for a population of ellipsoids to match the 
statistics of the two-sphere model, axial ratios would 
be limited to only 1.1–1.2; i.e., the bodies would have 
to be nearly spherical. 

If small, cold classical KBOs share a common for-
mation mechanism, then we might expect bilobate 
shapes like UT to be very common. In this case, the 
lightcurve amplitude distribution would resemble Fig. 
3a more than Fig. 3b. These differences between the 
two plots are not subtle and could be easily measured 
with a suitable sample of KBO lightcurves.  

Of course, these photometric models are highly 
idealized. They do not include the lightcurve variations 
that one would expect from albedo markings or surface 
topography. Although these attributes would almost 
always act to increase Δmag, it is notable that UT’s 
amplitude does not substantially exceed the predictions 
of the two-sphere model. In the data available as of 
early January 2019, UT’s albedo variations and topog-
raphy are relatively small on the scale of the body’s 
dimensions, meaning that they wash out in the hemi-
spherical averages obtained via remote, disk-integrated 
photometry.  

Although a fully quantitative test of this hypothesis 
has not yet been performed, the literature does suggest 
that low-amplitude lightcurves are common among 
small KBOs. For example, Trilling and Bernstein[3] 
present photometry of four KBOs, of which three show 
very small amplitudes but the fourth shows an ampli-
tude > 1 magnitude. Similarly, a recent survey of 
twelve Plutinos by Thirouin and Sheppard[4] shows 
that nine of twelve have amplitudes below 0.2 magni-
tudes, whereas the other three have large amplitudes , 
which are highly suggestive of contact binaries. These 
are very small statistical samples, but they are far more 
consistent with Fig. 3a than with Fig. 3b, where low-
amplitude lightcurves are a rarity. Lacerda and Luu[5] 
address the issue of flat KBO lightcurves, but explain 
them using ellipsoidal shapes; this work suggests that 
contact binaries may provide a more natural explana-
tion for the phenomenon. 
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Figure 3. Peak-to-peak variations in rotational lightcurves are 
shown for a variety of shapes, as a function of the angle ϕ 
between the line of sight and the rotation pole. The horizontal 
axis is sampled uniformly in cos(ϕ), ensuring that equal steps 
along this axis correspond to equal steps in solid angle. (a) 
Amplitudes are shown for two-sphere models based on the 
ratio of the smaller lobe’s radius to the larger lobe’s radius. 
The ratio applicable to each curve is shown along the right 
edge. (b) Amplitudes are shown for ellipsoids based on the 
ratio a/c, where a is the long axis and c is the short axis. The 
intermediate axis b is assumed to equal c. The ratio applicable 
to each curve is shown along the right edge. For each panel, 
we identify the probability that Δmag is less than 0.1 and 0.2. 
For the ellipsoid case, we assume a/c = 1.4 for this purpose.
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