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The Colours of the Outer Solar System Origins Survey (Col-OSSOS, Schwamb et al., 2019) has
examined the surface compositions of Kuiper Belt Objects (KBOs) by way of broadband g-, r- and J-
band photometry, using the Gemini North Hawaii Telescope. This survey showed a bimodal
distribution in the colours of the objects surveyed, consistent with previous colour surveys (Tegler et
al., 2016). These broadband surface colours can be considered a proxy for surface composition of
these KBOs, so this survey allows the frequency of different surface compositions within the outer
Solar System to be explored. The bimodality of the observed colours suggests the presence of some
sort of surface transition within the Kuiper belt, perhaps due to a volatile ice-line transition in the
pristine planetesimal disk that existed before Neptune’s migration. The Outer Solar System Origins
Survey (OSSOS, Bannister et al., 2018), from which Col-OSSOS selected objects brighter than 23.6
r-band magnitude, has well characterised and quantified biases, so allowing for comparisons
between the observations and numerical models of the Kuiper belt.

By applying different colour transitions to the primordial planetesimal disk, in this work we explore



the possible positions for ice line/colour transitions within the planetesimal disk that existed before
Neptune’s migration. Within Schwamb et al. (2019), a simplified toy model was used to investigate
the possible position of this transition. Nesvorny et al. (2020) has investigated the primordial colour
fraction, in particular how it can create the inclination distribution that we see in the colours of KBOs
today. In this work we use a full dynamical model of the Kuiper belt to more precisely pinpoint the
possible location of this transition. We make use of the model by Nesvorny & Vokrouhlicky (2016) of
Neptune’s migration from 23 au to 30 au, and the consequent perturbation of the Kuiper belt into its
current form. This model allows precise tracking of the objects from their pre-Neptune migration to
post-Neptune migration positions, allowing various colour transition positions in the initial disk, an
example of which is shown in Figure 1, to be compared with the Col-OSSOS observations of the
modern day disk.

Figure 1: An example red/neutral transition at 27 au. The left plots show the objects in the
primordial disk, while the right plots show the objects post-Neptune migration from the model of
Nesvorny & Vokrouhlicky (2016).

The OSSOS survey simulator (Lawler et al., 2018) can then be used to calculate which of the
simulated objects could have been observed by OSSOS, and so selected by Col-OSSOS for surface
colour observations. The colour transition within the initial disk, shown in Figure 1, is moved radially
outwards through the disk and the corresponding outputs are compared with the Col-OSSOS colour
observations to see which initial disk colour transition positions are consistent with the modern day
Kuiper belt. We will present results combing an accurate dynamical model of the Kuiper Belt’s
evolution by Nesvorny & Vokrouhlicky (2016) with Col-OSSOS photometry. We will explore multiple
radial colour distributions in the primordial planetesimal disk and implications for the the positions of
ice line/colour transitions within the Kuiper Belt’s progenitor populations.
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