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We study the motion of the asteroid ’Oumuamua (A/2017 U1) with and without
the influence of the Yarkovsky effect. We also compute the non-gravitational
parameters of this object.

1 Introduction

The ’Oumuamua (A/2017 U1) is a very interesting object. According to the JPL
NASA it is hyperbolic asteroid. Katz (2019) shows the evidence against the non-
gravitational acceleration of this object, i.e. called in this paper as 1I/2017 U1
’Oumuamua in contrary to Micheli et al. (2018). Sekanina (2019) gives arguments
against non-gravitational acceleration caused by the sublimation of water ice in the
orbital motion.

For ’Oumuamua (A/2017 U1) Davide Farnocchia at the JPL Small-Body Database
Browser1 gives:

A1 = 2.79 × 10−7 ± 3.57 × 10−8 au d−2, (1)

A2 = 1.44 × 10−8 ± 2.44 × 10−8 au d−2, (2)

A3 = 1.57 × 10−8 ± 2.24 × 10−8 au d−2, (3)

but only using 207 selected observations from all 222 observations available at
the IAU Minor Planet Center2 from 2017 October 14 to 2018 January 2 with
RMS=0.436”. We used 219 observations from this observational time-span with
RMS=0.430” using the same Solar System Model as in Farnocchia et al. (2013). Dy-
bczyński & Królikowska (2018) searched for parent stellar habitat for the asteroid
’Oumuamua (A/2017 U1).

2 Starting Orbits

We compute the non-gravitational parameters of comets during the process of orbit
determination as a seventh parameter together with other six orbital parameters, i.e.,
keplerian elements. We compared orbital elements computed with a different non-
gravitational parameters and without them. Using the new version of the OrbFit
software 5.0.5 we can compute a different set of the non-gravitational parameters:
(A1, A2, A3), (A1, A2), (A2), and follow the propagation of clones of given asteroids
and comets in the past and/or in the future.

1https://ssd.jpl.nasa.gov/sbdb.cgi#top
2https://minorplanetcenter.net/db_search/show_object?object_id=1I
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Tab. 1: Initial nominal cometary orbital elements with their uncertainties of the ’Oumua-
mua (A/2017 U1) for different Solar System Models. The angles ω, Ω, and i refer to
Equinox J2000.0. Epoch: 2017 November 23=JD2458080.5. Orbital elements are com-
puted without/with the non-gravitational parameters.

q e i Ω ω perihelion time
(au) (deg) (deg) (deg) (JD)

Pure gravitational model

orbit 1 - 0 additional perturbing asteroids

2.55801 × 10−1 1.200762 122.7305 24.5972154457 241.787112143 2458006.00095
orbit 2 - 17 additional perturbing asteroids

2.55801 × 10−1 1.200762 122.7305 24.5972154459 241.787112140 2458006.00095

1.32835 × 10−5 3.85 × 10−5 1.27360 × 10−3 5.72787 × 10−5 2.51844 × 10−3 3.82687 × 10−4

Non-gravitational model: A1, A2, A3 (in au d−2)

orbit 3 - 0 additional perturbing asteroids

2.55897 × 10−1 1.201100 122.7334 24.5936938916 241.8065738363 2458006.00032
orbit 4 - 17 additional perturbing asteroids

2.55897 × 10−1 1.201100 122.7334 24.59369389271 241.8065738326 2458006.00032

3.11986 × 10−5 1.15 × 10−4 3.39702 × 10−3 2.76682 × 10−3 5.98322 × 10−3 3.67803 × 10−3

A1 = −4.13 ± 5.35 × 10−7; A2 = −5.24 ± 4.56 × 10−7; A3 = −4.17 ± 3.56 × 10−7

Non-gravitational model: A1 and A2 (in au d−2)

orbit 5 - 0 additional perturbing asteroids

2.55900 × 10−1 1.201088 122.7399 24.59679144776 241.8077392133 2458006.00599
orbit 6 - 17 additional perturbing asteroids

2.55901 × 10−1 1.201088 122.7399 24.59679144798 241.8077392097 2458006.00599

2.34531 × 10−5 7.31 × 10−5 2.20943 × 10−3 9.88582 × 10−5 4.66840 × 10−3 9.95257 × 10−4

A1 = 8.09 ± 1.23 × 10−8; A2 = 6.13 ± 8.94 × 10−9

Hence, we computed the initial nominal cometary orbital elements with their
uncertainties of the ’Oumuamua (A/2017 U1) for different Solar System Models
(SSMs). The results are given in Tab. 1. Orbits are based on 222 optical observa-
tions (of which 3 are rejected as outliers) from 2018 October 14.43936 to January
02.478108. We weighted and selected observations according to the NEODyS, based
on the error model (Baer et al., 2011) and according to Milani et al. (2005a,b) and
Wlodarczyk (2015). We used additionally 15 perturbing asteroids and two dwarf
planets: (1) Ceres and (134340) Pluto according to Farnocchia et al. (2013).

3 Orbital Evolution

Next we computed differences in the orbital evolution of the studied asteroid inside
1000 au for different SSMs. The initial position of an asteroid is at the minimum
distance from the Earth. According to the JPL NASA it happens on 2017 October 14
17:51, i.e., JD2458041.24349 at nominal distance 0.1617541 au=24.2×106 km. Fig. 1
presents differences in position of asteroid ’Oumuamua (A/2017 U1) for different
starting orbits computed in Tab. 1.

In the upper panel we present distances between different solution, in au, for
different years. ’2-4’ denotes, differences between orbit ’2’ computed using pure
gravitational model with 17 additional perturbing asteroids and orbit ’4’ computed
using non-gravitational model: A1, A2, A3 with 17 additional perturbing asteroids.
Orbits ’2’ and ’4’ are taken from Tab. 1 ’2-6’ denotes the same but between, as
previously, orbit ’2’ and orbit ’6’ which is computed for pure gravitational model, as
Tab. 1 states. In the lower left panel we present distances between different solution
in the heliocentric rectangular equatorial coordinates (x, y), in au. In the lower right
panel we present similar distances but in the phase space (x, z), in au. Designation
of orbit ’2-4’ and ’2-6’ are the same as in the upper panel.

It appears that evolution strongly depends on non-gravitational parameters.

pta.edu.pl/proc/v10p116 PTA Proceedings ? Oct, 2020 ? vol. 10 ? 117



Ireneusz W lodarczyk

Fig. 1: Differences in position of asteroid ’Oumuamua (A/2017 U1) for different starting
orbits computed in Tab. 1. In the upper panel there ar distances between different solution
for different years. ’2-4’ denotes, differences between orbit ’2’ computed using pure gravita-
tional model and orbit ’4’ computed using non-gravitational model: A1, A2, A3. Orbits ’2’
and ’4’ are taken from Tab. 1. ’2-6’ denotes the same but between, as previously, orbit ’2’
and orbit ’6’ which is computed for pure gravitational model, as Tab. 1 states. In the lower
left panel we present distances between different solution in the heliocentric rectangular
equatorial coordinates (x, y), in au. In the lower right panel we present similar distances
but in the phase space (x, z), in au. Designation of orbit ’2-4’ and ’2-6’ are the same
as in the upper panel. Hence it follows that when studying orbital evolution of asteroid
’Oumuamua (A/2017 U1) it is necessary to use the non-gravitational effects.
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