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Abstract. Our photometric observations of 18 main-
belt binary systems in more than one apparition re-
vealed a strikingly high number of 15 having posi-
tively re-observed mutual events in the return appari-
tions. Our simulations of the survey showed that the
data strongly suggest that poles of mutual orbits be-
tween components of binary asteroids are not dis-
tributed randomly: The null hypothesis of the isotropic
distribution of orbit poles is rejected at a confidence
level greater than 99.99%. Binary orbit poles concen-
trate at high ecliptic latitudes, within30◦ of the poles
of the ecliptic. We propose that the binary orbit poles
oriented preferentially up/down-right are due to for-
mation of small binary systems by rotational fission
of critically spinning parent bodies with poles near the
YORP asymptotic states with obliquities near 0 and
180◦. An alternative process of elimination of binaries
with poles closer to the ecliptic by the Kozai dynam-
ics of gravitational perturbations from the sun does not
explain the observed orbit pole concentration as in the
close asteroid binary systems theJ2 perturbation due
to the primary dominates the solar-tide effect.

Observations and survey simulations. We took pho-
tometric observations of 18 binary systems among

main belt asteroids with primary diameters of 3 to
8 km during at least two apparitions from 2005–2011.
In 15 cases, we observed mutual events (occulta-
tions/eclipses) between their components also in the
return apparition. To characterize and eliminate selec-
tion effects of the photometric technique, we simulated
the survey with a numerical model analogous to that
we used for simulations of our survey for NEA bina-
ries in [1]. In each simulation run, we generated 30000
binaries with orbit poles with a given trial distribution
for each of the 18 binaries. Using the resulting proba-
bilities of positive re-detections, we computed a proba-
bility density of gettingN2app of positive re-detections
of the 18 studied binaries. This result was then com-
pared to the observed number of 15 of the 18 binaries
actually showing mutual events in their return appari-
tions.

Orbit pole distribution. The null hypothesis of an
isotropic distribution of binary orbit poles was rejected
at a high confidence level. The expected number of
positive re-detections was6 ± 3 (the 95% probability
interval) while the probability of getting 15 positive
re-detections among the 18 binaries was< 10−4. See
Fig. 1.
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Figure 1: Estimated probability density of occurence
of mutual events in the return apparition inN2app of
the 18 binary systems, assuming an isotropic distribu-
tion of orbit poles. The observed number (15) is much
greater than the prediction for the null hypothesis.

Simulations with several trial pole distributions re-
vealed that the binary orbit poles concentrate at high
ecliptic latitudes, within30◦ of the poles of the eclip-
tic. An example of the result for the uniform dis-
tribution in | sin Bp| from sin 70◦ to 1 is shown in
Fig. 2. An example of the orbit model solution using
the method of [2] is shown in Fig. 3.

Interpretation. We considered two processes that
could produce the observed concentration of binary or-
bit poles near the ecliptic poles: (1) instability of satel-
lite orbits with poles close to the ecliptic due to Kozai
dynamics, and (2) formation of asteroid satellites with
orbit poles preferentially at high ecliptic latitudes.

To study process (1), we constructed a numerical
model that tracks orbital evolution of the satellite and
the spin of the primary over a timescale of≃ 1 My.
For the observed parameters of the binary systems,
we found thatthe satellite motion is stable even for
very small ecliptic latitudes of the orbital pole. We
also found theJ2 effect couples the primary rotational
and the satellite orbital angular momenta such that the
whole system behaves like a single gyroscope. This
modifies the overall precession constant of the system
(cf. [3]) and various evolutionary paths for the orbit
pole of the satellite may be affected by Cassini reso-
nances.

We propose that the concentration of the binary or-
bit poles toward high-ecliptic latitudes is due to their
preferential formation at these states. Binary systems
among small asteroids appear to be formed by ro-
tational fission of parent bodies spun up by YORP
torques (e.g., [4]). The observed binary orbit poles dis-

Figure 2: Estimated probability density of occurence
of mutual events in the return apparition inN2app of
the 18 binaries, assuming an uniform distribution of
orbit poles in the range|sin Bp| = sin 70◦ to 1.

Figure 3: Range of admissible poles for the mutual
orbit of (4029) Bridges in ecliptic coordinates. The
south pole of the current asteroid’s heliocentric orbit
is marked with the cross.

tribution is consistent with formation of binaries from
parent bodies near the asymptotic states of the YORP
evolution that are located at extreme obliquity values
of 0 and180◦ (e.g., [5]).

References.
[1] Pravec, P., 56 colleagues, 2006. Icarus 181, 63–93.
[2] Scheirich, P., P. Pravec, 2009. Icarus 200, 531–547.
[3] Ward, W.R., 1975. Astron. J. 80, 64–70.
[4] Walsh, K.J., D.C. Richardson, P. Michel, 2008. Na-
ture 454, 188–191.
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