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(NIMA), fitted to observations and determined a
new ephemeris.

The difference between NIMA and JPL
ephemerides is close to the offset at the date of ob-
servations but this difference then varies over time,
according to a periodic one-year term and a secu-
lar term. For some objects, the offset method may
remain accurate when the time between observa-
tions and occultation is short or when the offset’s
variations remain small. For other TNOs, the dif-
ference sharply increases making inaccurate predic-
tions in the future. Consequently, new ephemerides
should be used to make predictions. Finally, occul-
tations also provide accurate astrometric positions
and therefore new constraints on the TNO’s motion.
We analyze the contribution of previous occultations
in the improvement of TNO’S ephemerides.
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SMALL ASTEROID FRAGMENTS IN
EARTH-CROSSING ORBITS
J. Duha! and G. B. Afonso?

The meteorite that fell in Chelyabinsk, Russia, nat-
urally made many people think it could be a smaller
companion of the Asteroid 2012 DA14, which passed
close to Earth on that same day. Some asteroid spe-
cialists discarded this hypothesis for two main rea-
sons: The meteorite was too far away from the as-
teroid, because the collision happened sixteen hours
before the asteroid passed close to Earth. Moreover,
it was not traveling, similarly to asteroid DA14, from
south to north. However the possibility of the mete-
orite being a companion of the Asteroid 2012 DA14
cannot be completely discarded. The Asteroid 2012
DA14, with a diameter of 45 meters, is very small.
It can be considered an asteroids fragment, which
is usually accompanied by other smaller fragments,
scattered in space, practically in the same orbit and
possibly being separated from each other by long dis-
tances. Assuming that 2012 DA14 is not an isolated
asteroid, but the biggest remaining fragment from a
previous impact, we developed a model to study the
dynamics of an asteroid fragment, similar to DA14,
and its companions, the smaller fragments. This dy-
namically interesting encounter with planet Earth is
addressed and the orbital changes that could explain
the Chelyabinsk event are discussed. As a result we

find that, there could be a collision of a meteorite be-
fore, during, or after the Asteroid 2012 DA14 pass-
ing by, the same way that happens with meteorite
showers, which can last several days. Therefore, it
would be very interesting to look for asteroid frag-
ments also, close to the larger fragments, more easily
found.
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ATLAS OF THE THREE BODY RESONANCES
IN THE SOLAR SYSTEM
T. Gallardo!

Three body resonances (TBRs) between a massless
particle with an arbitrary orbit and two planets P;
and P in circular coplanar orbits occur when the
critical angle o = koAo+k1 A1 +ka Ao —(ko+k1+k2)wo
being k; integers is oscillating over time. The
approximate localization in semimajor axis of the
TBRs taking arbitrary pairs of planets is very simple,
specially if we ignore the secular motion of the per-
ihelion and nodes of the perturbing planets. When
these slow secular motions are taken into account
each of the nominal three body resonances split in a
family of resonances all them very near the nominal
one. The challenge is to obtain the width, strength
or whatever that give us the dynamical relevance of
these TBRs. We propose an algorithm to numer-
ically estimate the strength of arbitrary TBRs be-
tween two planets in circular coplanar orbits and
a massless particle in an arbitrary orbit. This al-
gorithm allowed us to obtain an atlas of the TBRs
in the Solar System showing where are located and
how strong are thousands of TBRs involving all the
planets from 0 to 1000 au. Relevant results for the
population of asteroids and transneptunian objects
will be presented.
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DYNAMICAL EVOLUTION OF
DIFFERENTIATED ASTEROID FAMILIES
W. S. Martins-Filho!, J. Carvano!, T.
Mothe-Diniz?, and F. Roig!



