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Abstract
More than 300 asteroid shape models were derived by
the lightcurve inversion method so far. These mod-
els represent the biggest sample of spin-vector param-
eters of asteroids determined by a single method. We
present a simple statistical analysis of spin vectors for
these asteroid models. We look for possible correla-
tions between various physical parameters with an em-
phasis on the spin vector. In order to explain the ob-
served spin-axis distribution, we investigate the bias
of the lightcurve inversion method and present a sim-
ple theoretical model for the long-term evolution of
spins. From this analysis, we find that the latitude
distribution of small asteroids (D < 30 km) is clus-
tered towards ecliptic poles and can be explained by
the YORP thermal effect. On the other hand, the lat-
itude distribution of larger asteroids (D > 60 km) ex-
hibits an evident excess of prograde rotators, probably
of primordial origin. The distribution of ecliptic lon-
gitudes seems to be isotropic.

1. Introduction
The lightcurve inversion method (LI) is a powerful
tool that allows us to derive basic physical properties
of asteroids (the rotational state and the convex shape)
from their disk-integrated photometry (see [1, 2]).

In [3], our first analysis of physical properties of
229 asteroid models derived by the LI was published.
Since then, another ∼ 80 asteroid models are available.

Our main goal was to investigate the spin-vector dis-
tribution, which is still not reliably explained. It was
presumed that due to collisional evolution, the spin-

vector distribution of Main Belt Asteroids (MBAs)
should be nearly isotropic, possibly with a small ex-
cess of prograde spins [4]. This is inconsistent with
the statistical analyses of observed distributions (see
e.g. [5]).

For each asteroid in our statistical sample, we de-
rived its convex shape, sidereal rotational period, spin
vector, and parameters of the scattering law; and we
adopted diameter, proper elements, family member-
ship, taxonomic type, albedo, and absolute magnitude
from several databases available on the Minor Planet
Center.

2. Available asteroid models
More than 100 asteroid models were derived during
the past decade from dense photometry by several au-
thors. In [6], 24 models based on combined dense and
sparse photometry were presented (sparse data were
from the US Naval Observatory in Flagstaff). In [3],
the authors investigated the sparse photometry pro-
duced by several astrometric observatories (these data
are available in the AstDyS1 database), they used only
the accurate sparse data in combination with dense
photometry and determined 80 new asteroid models.
In this study, we also use another ∼ 80 asteroid mod-
els (see DPS abstract Ďurech et al., 2011).

3. Spin axis distribution
In order to explain the anisotropic latitude distribution,
we simulated the bias of the LI and also constructed a

1Asteroids – Dynamic Site: http://hamilton.dm.uni-
pi.it/
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Figure 1: Dependence of the ecliptic latitude β of the
MBA’s pole directions on the diameter D (plotted in
the logarithmic scale).

model for the long-term evolution of spins, where we
included the YORP effect, random reorientations by
non-catastrophic collisions, and mass shedding after
a critical rotation is reached. Asteroids with ecliptic
latitudes of the spin axis |β| > 40◦ are derived more
frequently than asteroids with |β| < 20◦ by a factor
of 1.5–2 (depending on the size). The de-biased ob-
served latitude distribution is still clustered towards
higher values. As seen in Fig 1, the so called “ecliptic
gap” is prominent only for small asteroids with diam-
eter D < 30 km, larger asteroids with D > 60 km
have spin axes distributed isotropically with a small
preference of prograde rotators. The prograde excess
is probably of primordial origin. The observed distri-
bution of β for small asteroids seems compatible with
our model: the YORP effect is capable of creating such
uneven distribution.

4. Summary and Conclusions
We used more than 300 asteroids models derived by
the lightcurve inversion in a study of their rotational
states.

As expected, the de-biased observed ecliptic longi-
tude distribution of asteroid spin vectors is indepen-
dent of diameter and is compatible with a uniform dis-
tribution. The effect of the LI bias on the ecliptic lati-
tude distribution is only minor and the global features
of the observed latitude distribution do not change.
The de-biased latitude distribution for asteroids with
diameters D > 60 km shows an excess of prograde ro-
tators in the latitude interval (11◦, 90◦). This excess is
probably primordial. On the other hand, the latitude
distributions for the entire sample and in particular for
asteroids with D < 30 km, is strongly anisotropic. The
dynamical evolution of asteroid spin states seems to be
dominated by the YORP effect and also by collisions
and mass shedding for asteroids with diameters D .
30 km. We calculated that YORP (with a small con-

tribution for the LI method’s bias) is capable of pro-
ducing the observed depopulation of spin vectors for
small asteroids.
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