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Asteroid Apophis rotates in an excited rotation state described by two periods, rotation and pre-
cession, with the values of 263 h and 27.38 h, respectively. Together with other spin parameters and
a convex shape model, these periods were derived by [1] from photometric observations carried out
in 2012/13. Radar observations are consistent with the spin state derived from light curves, and the
derived shape model is nonconvex [2].

We carried out photometric observations of Apophis with the Danish 1.5m telescope at La Silla, ESO,
between November 2020 and May 2021 to use them with old photometric data to determine its precise
spin state. Due to the long time interval of eight years between observations, the rotation parameters
could be determined precisely, which would enable us to (i) predict its orientation before and during the
close approach in 2029 and (ii) estimate the change of its spin state caused by the Earth’s gravitation
torque during the encounter.

However, when applying the light curve inversion method [3], we realized that the spin state cannot
be determined uniquely. Different spin parameters provided about the same quality of the fit to the
data. Fortunately, because of the same 8-year separation between 2012/13, 2020/21, and 2029, all
acceptable spin solutions that fit the data from 2012/13 and 2020/21 phase together again in 2029,
which means we can predict the attitude of Apophis during its close approach with the Earth on 13
April 2029. However, our simulations show that the way Earth’s gravitation torque affects Apophis’ spin
during the flyby is so sensitive to the precise orientation of Apophis (affected by the YORP effect and
model uncertainties) that the spin state after the approach is uncertain.

Observations from 2027 and 2028 are crucial to uniquely determining Apophis’ spin state; photom-
etry from 2029 will not be sufficient.
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[2] M. Brozović, L. A. M. Benner, J. G. McMichael, J. D. Giorgini, P. Pravec, P. Scheirich, C. Magri, M. W. Busch, J. S. Jao, C. G.
Lee, L. G. Snedeker, M. A. Silva, M. A. Slade, B. Semenov, M. C. Nolan, P. A. Taylor, E. S. Howell, K. J. Lawrence, Goldstone
and Arecibo radar observations of (99942) Apophis in 2012-2013, 300 (2018) 115–128.

[3] M. Kaasalainen, Interpretation of lightcurves of precessing asteroids, Astron. Astrophys. 376 (2001) 302–309.

∗Corresponding author
Email address: durech@sirrah.troja.mff.cuni.cz (Josef Ďurech)
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