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Introduction. On 1 January 2019, the New Hori-
zons mission encountered the cold classical Kuiper Belt

Object (KBO) 2014 MUgg (hereafter MUG9), nick-
named Ultima Thule [1]. From early image returns,
MUG9 appears to be a contact binary, with the two
nearly spherical lobes having roughly spherical diame-
ters of ~19.5 km and ~14.2 km [2,3,4], where the larger
and smaller lobes are nicknamed Ultima and Thule re-
spectively. This shape suggests that MUG9 the result of
a low velocity merger of two primordial planetesimals
[4,5]. A digital shape model has been produced based
on the early images [6] and is used here to examine the
volume and the gravity field for the contact binary
shape. Based upon the volume deficit between the con-
tact binary shape versus the two spheres individually, it
is suggested that the merger speed was on the order of 1
m/s.

Dynamical Considerations. The shape model con-
sists of 6058 vertices and 9999 facets with a triangular
tessellation of the surface. The two lobes lie along the
x-axis which is the axis of the bi-lobed shape. The z-
axis is the rotation axis. The origin is at the center of
mass assuming a constant density for the shape. The
overall extent of the body in the x dimension is 33.5 km.
This model is not well constrained by the returned im-
ages in dimensions along the viewing directions from
New Horizons, but it is a reasonable three dimensional
extrapolation assuming that MUG9 is formed as two
nearly spherical lobes joined by a narrow neck.

The gravitational potential is calculated from this
digital shape model using the methods described by [7].
Figure 1 shows a scatter plot of facet locations which
outline the two lobes of MUG9. Specifically it shows cy-
lindrical radius measured from the x-axis versus X.
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Figure 1 Shape model cylindrical radius versus x

The neck, the narrow region between the two lobes,
is at x=-5 km. The radius of the body at the neck is 2.7
km based upon the model. The effective gravitational
potential, is also calculated assuming a constant density
of 0.5 gm/cc (a typical value for cometary nuclei [Y])
and a rotation period of 15.3 hr [Z]. Fig 2 is a scatter
plot of the effective potential at the same facet locations
VErsus X.
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Figure 2Effective potential versus x

The neck region is a gravitational low and is at the
lowest effective potential across the entire surface. Ta-
ble 1 summarizes parameters of the shape model.

Table 1. Summary of MU69 shape model

Extent in x 33.5km
Volume 4739.8 km®
Assumed density 0.5 gm/cc
Rotation period 15.3 hr

Two mascon model. A two mascon model of the
gravitational potential is fitted to the potentials calcu-
lated for the shape model. In this mascon model, two
point masses placed on the x-axis, one representing Ul-
tima and one representing Thule. The two mascon
model is summarized in Table 2.
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Table 2 Two mascon model for MUG9 shape model

Mass kg X km
For Ultima  1.70199e15kg 4.5353 km
For Thule 6.6676e14 kg -11.5768 km

The potential of the shape model is very well fitted
by the potential of this two mascon model. The rms frac-
tional deviation between the two potential models, for
the full set of facet locations, is 1.2e-4

Merger conjectures. If MUG9 is the product of a
low speed merger between two nearly spherical objects,
then we conjecture that these bodies had radii of 7km
and 9.3 km just before the merger (see Fig. 1). The com-
bined volume of these two spheres is 4806 km?, slightly
exceeding the volume of the shape model (Table 1). If
we suppose that this volume change resulted from de-
formations in the merger, we estimate the relative speed
of the merger collision, by equating the relative kinetic
energy (0.5 gm/cc density for both bodies) with the re-

sisting stress multiplied by volume change. The defor-
mation involves both crushing and shearing motions, so
this is a very rough estimate, but the resulting merger
. p \1/2

speed isv = 0.5 (1kpa) m/s.

For a resisting stress of 1 kPa, similar to reported
strengths for Comet 67P, the merger would involve rel-
ative speeds of the order of 1 m/s.
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