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Effects of solar heating on asteroids
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The surfaces of atmosphereless solar-system bodies are weathered in space by the action of several processes,
such as the implantation of ions of the solar wind and the bombardment of micrometeorites. It is well known
that these phenomena alter the spectroscopic properties of asteroids [1,2].
Here we describe the many effects of another process, whose importance has been neglected in the past,
that can alter the original surface nature of asteroids: the radiative heating by the light from the Sun.
In particular, near-Earth objects (NEOs) can easily reach temperatures >400 K, and the heat penetration
depth is in the order of some centimetres [3,4]. At perihelion distances (q) of the Sun smaller than 0.5 au,
temperatures can be >550 K leading to the breakup of organic components (e.g., 300–670 K [5,6,7]). The
knowledge of the temperature range of materials at different depth over the orbital evolution of space mission
target asteroids is important for defining sampling strategies that ensure the likelihood that unaltered and
pristine material will be brought back to the Earth [8,9]. Heating of small carbonaceous meteoroids with
perihelia close to the Sun can also account for the petrological features observed in CK chondrites [10]. There
are also NEOs with extremely close approaches to the Sun as in the case of the asteroid (3200) Phaethon
and (1566) Icarus. Temperature on these asteroids can reach 1000 K, inducing thermal fracture and/or
desiccation cracking and the production of dust particles. Indeed, (3200) Phaethon is the parent body of
the Geminids meteors and activity near perihelion has been detected for this asteroid [11].
Furthermore, although the fraction of NEOs with q < 0.5 au is as of today 10 % of the total number of
known NEOs, the orbits of these bodies are not stable over their dynamical lifetime: it is known that an
important fraction of NEOs have experienced low perihelion distances in the past. It is also estimated that
up to ∼70 per cent of them end their orbital evolution colliding with the Sun. As a consequence, these bodies
are expected to have suffered considerable Sun–driven heating, not trivially correlated to their present orbits
[3].
Moreover, the surfaces of NEOs are also subject to large temperature variations (e.g., 150 K): these are due
to the change of the insolation intensity caused by the diurnal cycle between day and night, by seasonal
effects and by the orbital eccentricity. The surface make up and mineralogy of these asteroids is altered by
these strong temperature variations.
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