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Abstract
We report here a detailed study of disk-resolved
photometric properties of Pluto using New Horizons
Ralph/MVIC images in the visible wavelength range
400-910 nm acquired during the Pluto’s flyby [1]. The
derivation of a regionally-based photometric model
permits us to (1) decouple the intrinsic surface albedo
variability from effects related to the observing geom-
etry, and therefore investigate quantitatively the true
heterogeneity of Pluto’s surface; (2) combine visi-
ble (MVIC) and near-IR observations (LEISA) ac-
counting for the different viewing geometries at which
these data were acquired; (3) model visible and near-
infrared measurements of Pluto to derive quantitative
information of its surface composition.

1. Introduction
The chemistry of Pluto’s atmosphere and surface has
become a key factor in understanding the origin and
evolution of this icy dwarf planet, and by extension
that of a vast number of similar sized and smaller bod-
ies in the Kuiper Belt, beyond the terrestrial and gi-
ant planets. A pixel-by-pixel Hapke radiative transfer
model has been developed by [2] and applied to two re-
solved scans of Pluto’s encounter hemisphere acquired
by the New Horizons (NH) infrared imaging spec-
trometer, LEISA [3]. This model yields compositional
maps defining the spatial distribution of the abundance
and textural properties of the materials present on the
surface of Pluto. This has been by far the most suc-
cessful approach to date in terms of providing quan-
titative information about the composition of Pluto.
However, this analysis has some limitations, namely:

• Important compositional information is hidden in
the visible wavelength range where low albedo
organic compounds known as tholins present the

most diagnostic spectral signatures [4]. High
quality filter band imagery in this range exist
from the NH Ralph/MVIC instrument [3], but
have yet not been studied with this technique.
One of the main findings of the Protopapa et al.
study [2] is the correlation between Pluto’s col-
oration and the abundance of tholins used in the
best-fitting models. As an example, the highest
concentration of these dark compounds is found
in Cthulhu Macula, the lowest albedo and red-
dest unit of Pluto’s observed surface [5, 6]. On
the other hand, Lowell Regio, which displays a
golden coloration, was found to be highly de-
pleted in tholins. This result is a clear example of
how the true contribution of the coloring agents
cannot be assessed if the visible spectral domain
is disregarded.

• The estimates of the concentration and parti-
cle size of each surface compound strongly rely
on the choice of Pluto’s photometric properties
(Hapke parameters as the cosine asymmetry fac-
tor ξ, compaction parameter h, amplitude of the
opposition effect B0, and mean roughness slope
θ). These properties have previously been treated
as global quantities, constant across all of Pluto’s
terrains [7]. However, given the high degree of
surface variations on Pluto [5, 6], this approxi-
mation is likely incorrect.

2. Summary and Conclusions
We present a multi-wavelength, regionally dependent
photometric analysis of Pluto’s surface. We will per-
form a comparative analysis and use these properties
to quantitively infer the composition of Pluto’s dif-
ferent terrains and investigate the different coloring
agents across Pluto’s surface.
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