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Abstract

The photometric phase curve of an asteroid refers to
the dependence of disk-integrated brightness on the
phase angle (the Sun-Object-Observer angle). In the
present work, we study the feasibility of constraining
asteroid phase curve parameters from the sparse
photometry available from Gaia Data Release 2. An
asteroid's lightcurve, i.e., its observed disk-integrated
brightness as a function of time, depends on the
shape and spin state of the asteroid, as well as its
surface scattering properties. It follows that these
properties can be estimated from the observations, to
an extent allowed by a given data set. In order to
facilitate the rapid assessment of the phase curves,
we utilize the so-called Lommel-Seeliger ellipsoids
in the statistical inversion of Gaia photometry. We
transform the resulting phase curves to reference
equatorial illumination and observation of the given
asteroid. These reference phase curves can have
substantial value in asteroid taxonomy.

1. Introduction

Asteroids are irregularly shaped Solar System bodies
typically rotating about their axes of maximum
inertia. Their surfaces are typically covered by
regoliths, that is, by layers of particulate material in
the size scales of microns to meters, with the typical
particle size being of the order of 100 microns.
Asteroids offer information about the evolution of the
Solar System, provide valuable space resources, and
cause an impact hazard for life on the Earth.

The most common source of data on the asteroids is
photometry: the measurement of the disk-integrated
brightness of the asteroid. An asteroid's lightcurve,
i.e., its observed brightness as a function of time,
depends on the shape and spin state of the asteroid, as
well as its scattering properties. In the present work,
we consider sparse photometric data from the ESA
Gaia mission made available by Gaia Data Release 2
(Gaia DR2, [1]). We utilize statistical inverse
methods for the retrieval of rotation periods, pole
orientations, and scattering properties from the

photometric observations. This entails a complete
Markov chain Monte Carlo assessment of the
uncertainties in the physical parameters. The inverse
methods are based on the Lommel-Seeliger ellipsoids
[2-5] suitable for the analyses of sparse data. The
computational tools based on the present inverse
methods are available through a web-based Gaia
Added Value Interface [6].

2. Results and discussion

We have validated the Gaia photometric data by
using high-resolution shape models of (21) Lutetia [7]
and (2867) Steins [8]. Figure 1 shows an example of
the validation for (21) Lutetia. Typically, the Gaia
photometric data can be validated with numerical
modeling at a root-mean-square difference level
(RMS) of 0.01-0.02 magnitudes. We would like to
point out that a large part of the RMS difference is
likely to derive from the modeling: the Gaia data can
have significantly smaller uncertainties.
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Figure 1: Photometry of asteroid (21) Lutetia from
Gaia Data Release 2 (black dots) validated using a
high-resolution shape model (blue dots, [7]) with a
Lommel-Seeliger scattering law [2] reproducing the
phase curve from ground-based observations [9].



We will carry out a systematic study of the Gaia DR2
asteroid photometry to estimate the parameters of the
H, G, G, photometric function [10-12]. In doing so,
we may be obliged to invoke informative a priori
probability densities on the physical parameters,
making the statistical inverse problem highly
challenging.

3. Conclusion

We conclude that the present inverse methods can
facilitate a meaningful phase curve retrieval from
sparse Gaia DR2 photometry.
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