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For several years, an interesting Near-Earth Object (NEO) has been known,
initially classified as the asteroid 2007 VA85. It belongs to the group of retrograde
minor bodies because of its inclination to the ecliptic over 130 degrees. For
only a few years, there were known only two retrograde asteroids that could be
considered as NEO. The existence of such bodies seemed to contradict the nature
of the motion of most of the asteroids in the Solar System, accumulated near one
plane with prograde orbits. The retrograde orbits are rather characteristic for
comets. Since 2016, the VA85 has officially become a 333P/LINEAR comet after
identifying its cometary activity. Since then, most of the conclusions about the
origin and evolution of this object have been revisited.

So far, we have investigated the 333P (2007 VA85) motion using the gravita-
tional model only, but the possible effect of some non-gravitational forces should
also be studied. For a small asteroid with characteristic rotational properties,
it was predictable that the Yarkowsky force might play an important role. In
this paper, the influence of the cometary non-gravitational effects is estimated.
Despite the still limited knowledge of the parameters of the examined body, it is
possible to estimate which effects play the most important role in its dynamics.
This will allow us to trace more accurately the origin of such unusual objects of
the Solar System.

1 Observational data and methods

Currently, about 100 objects of Solar System with extreme inclinations (i > 90◦)
are classified as retrograde asteroids. Many examples indicate that this classification
may be temporary (Kankiewicz & W lodarczyk, 2014) and there are potential comets
among them, but the observational results are still insufficient to prove it definitively.
Therefore, we still have many objects from the borderline so called Asteroid in
Cometary Orbit (ACO) (Tancredi, 2014). A typical representative object was the
first discovered retrograde NEO asteroid: 2007 VA85. For several years it has been
considered as an unusual asteroid that is approaching the Earth from the reverse
direction, with extreme relative velocity. In 2016, the Japanese observer H. Sato
detected the cometary activity of this body and a new one, cometary designation was
assigned: 333P/LINEAR. As the evolution of this small body as an asteroid has been
already studied, it is time to revise all simulations due to the potential presence of
cometary non-gravitational effects. A new observational data of 333P should be able
to reproduce the orbital evolution more precisely – because its physical properties are
better known. In February 2016, a rotation period of approximately 21.04 ± 0.04 h
was determined (Hicks & Thackeray, 2016). The number of observational results
is already sufficient to prepare a simplified model of non-gravitational accelerations
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Fig. 1: The evolution of semimajor axis, eccentricity and inclination of 333P/LINEAR. A
cometary model was used.

for this body. In consequence, the 333P evolution can be studied using a variety of
dynamic models, from a simple gravitational model through a Yarkowsky (thermal)
model to the model of non-gravitational cometary effects. The outcome of these
three models can be compared to each other.

2 Results

The first model we have used – gravitational – assumes the numerical integration
of the equations of motion of a small body with perturbations from massive bod-
ies (planets). This model has been already tested by Kankiewicz & W lodarczyk
(2010), but with the limited number of observational data available in 2009. Next,
we have used a more complicated model of thermal perturbations typical for an as-
teroid – with the Yarkowsky effect, described in detail in Kankiewicz & W lodarczyk
(2017). Finally, non-gravitational parameters were determined that were used in the
cometary model: A1,A2 and A3, with the use of latest observations. It is interesting
that the determined coefficients are relatively low, of the order of 10−10 AU d−2,
which indicates rather small values of non-gravitational accelerations.

In the next step, we examined the evolution of the orbit of this body with each
model. The cometary model should be the most reliable, so it can be used as a
reference (Fig. 1). All these numerical simulations allowed us to estimate the poten-
tial influence of various non-gravitational effects on orbital elements. A quantitative
comparison of these effects is illustrated by by plotting the absolute differences in
semimajor axis shown in Fig. 2.

3 Conclusions

• The 333P is one of the few retrograde objects for which it was possible to
study the observational history and test various non-gravitational effects on
its orbital motion.

• The decision to use the non-gravitational effect model for an asteroid (Yarkowsky
effect) or comet (cometary activity) is crucial for subsequent conclusions. For
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Fig. 2: The influence of non-gravitational effects on the semimajor axis (parameters:
Yarkowsky drift typical for asteroids on the left, non-gravitational effects typical for comets
on the right).

example, the drift of the semimajor axis (da/dt) for a comet approaching the
Earth, such as 333P can be at least an order of magnitude greater after taking
into account a cometary activity than the Yarkowsky effect. This is particu-
larly visible for the first 5000 yr of evolution (Fig. 2).

• Similar differences are also evident in eccentricity and inclination, which may
be important for small bodies with extreme inclinations (e.g. retrograde or-
bits).

• Based on the latest observations and the model of 333P, we can conclude that
the evolution of small bodies in retrograde orbits can significantly depend on
their potential cometary activity.
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