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The spin rate distribution of main belt/Mars crossing (MB/MC) asteroids with diameters 3-15 km is
uniform in the range from f =1 to 9.5 d~!, and there is an excess of slow rotators with f <1 d~.
The observed distribution appears to be controlled by the Yarkovsky-O'Keefe-Radzievskii-Paddack (YORP)
effect. The magnitude of the excess of slow rotators is related to the residence time of slowed down
asteroids in the excess and the rate of spin rate change outside the excess. We estimated a median YORP
spin rate change of ~0.022 d~!/Myr for asteroids in our sample (i.e., a median time in which the spin
rate changes by 1 d~! is ~45 Myr), thus the residence time of slowed down asteroids in the excess is
~110 Myr. The spin rate distribution of near-Earth asteroids (NEAs) with sizes in the range 0.2-3 km
(~5 times smaller in median diameter than the MB/MC asteroids sample) shows a similar excess of slow
rotators, but there is also a concentration of NEAs at fast spin rates with f =9-10 d~'. The concentration
at fast spin rates is correlated with a narrower distribution of spin rates of primaries of binary systems
among NEAs; the difference may be due to the apparently more evolved population of binaries among
MB/MC asteroids.

© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Rotations of asteroids have been set and altered by several pro-
cesses during their formation and evolution. Large asteroids (with
diameter D > 40 km) show a Maxwellian distribution of their nor-
malized spin rates, which is consistent with a relaxed distribution
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due to collisional evolution. Asteroids smaller than D = 40 km
have spin rate distributions different from Maxwellian, with ex-
cesses of both slow and fast rotators (Pravec and Harris, 2000;
Pravec et al., 2002). Until recently, data on rotations of small aster-
oids have been rather limited; below D ~ 15 km, there was good
and consistent data for near-Earth asteroids only (see the summary
in Pravec et al., 2007). Data on spin rates of small main belt aster-
oids were sparse, as there was no systematic program to obtain
them in sufficient number and quality until recently.

In 2004, two dedicated projects of photometric studies of small
main belt asteroids were started. Brian Warner began his project
of lightcurve observations of Hungaria asteroids. Hungarias are a
group of bright (geometric albedos mostly in the range 0.2-0.4)
asteroids just outside the orbit of Mars; they are the smallest non-
planet crossing asteroids that can be studied with small photomet-
ric telescopes. Warner has obtained data on spin rates for more
than 80 Hungarias (Warner and Harris, 2007). Their preliminary
analysis of the sample showed that the Hungaria spin rate distribu-
tion is not fundamentally different from the spin rate distribution
of near-Earth asteroids. The subset of Brian Warner’s sample of
Hungarias that satisfies the quality criteria of the BinAstPhotSur-
vey has been included in the current study. There were 50 such
Hungarias.

Since December 2004, we have run the project Photometric
Survey for Asynchronous Binary Asteroids (BinAstPhotSurvey; Pravec
and Harris, 2007, and references therein) that involves a collab-
oration of a number of asteroid photometrists around the world.
Though the main aim of the project has been to detect and de-
scribe binary systems among small asteroids, it has also, as a
by-product, obtained data on spin rates for nearly 300 main belt
and Mars crossing (MB/MC) asteroids with sizes <15 km. Obser-
vations within the BinAstPhotSurvey project have been carried out
in a way that largely suppressed selection effects of the photo-
metric technique. In this paper, we present the BinAstPhotSurvey
sample of spin rates of small MB/MC asteroids, analyze their dis-
tribution, and discuss relationships with theories of evolution of
spins of small asteroids and formation of binary systems among
them.

2. Data set

In the BinAstPhotSurvey, asteroids with heliocentric semi-major
axes <2.5 AU and absolute magnitudes H > 12, corresponding to
D < 12.53:; km for geometric albedo py = 0.18 £ 0.09 assumed

for asteroids in the inner main belt,! and with favorable observing
conditions were selected as observational targets. Lightcurve ob-
servations with photometric errors <0.03 mag were taken and a
sufficient amount of telescope time was allocated for most aster-
oids so that their periods were uniquely established. The spin rate
estimates have been very accurate (relative uncertainties typically
on an order of 1074) for asteroids with periods <10 h. Notice-
able uncertainties or ambiguities occurred only in some cases of
longer periods where we could not allocate an excessive amount
of telescope time. Nonetheless, the presence of lower quality data
for some slow rotators did not cause any significant uncertainty in
our analyses; a possible mutual contamination between the two
slowest bins, f = 0-1 d~! and 1-2 d~! in histograms presented

1 For most asteroids in our sample, direct size estimates were not available.
We have estimated their diameters from measured absolute magnitudes (H) and
assumed geometric albedos (py) using the relation given in Pravec and Harris
(2007). Assumed geometric albedos have been taken from Wisniewski et al. (1997):
pv =0.18 for S, A, and unclassified asteroids, and 0.40 for V and E types. For Hun-
garias without known taxonomic class, we assumed py = 0.30 that is about the
mean of albedos of S and E types that are present among Hungarias in approxi-
mately equal fractions.

below was three objects, but likely only 1-2, i.e., below statistical
uncertainties. The fact that we have paid great attention to ob-
tain good period estimates even for low amplitude asteroids (by
giving a large amount of observing time to tough cases) was a
key to the success of the project which has provided good pe-
riod estimates even for asteroids with amplitudes as low as 0.08
mag. For a small fraction (5%) of targeted asteroids with ampli-
tudes <0.08 mag, we were unable to obtain good period estimates,
and they have not been included in the analysis. Since they are so
few in number, they could not significantly affect our analyses of
spin rate distributions, even in the unlikely case that they might
have a non-uniform distribution in f.

In the analyses presented below, we have used data for 268
main belt/Mars crossing asteroids with estimated diameters D =
3-15 km. The median diameter of asteroids in the sample is
6.5 km. Only 16% have D < 4.4 km and another 16% have D >
9.8 km, so 68% of the asteroids in the sample are within a factor
of 1.5 of the median diameter. The dataset is available on http://
www.asu.cas.cz/~asteroid/binastphotsurv_mbmc_d3_15_071104.txt.
References for the data in the summary file can be found in the
Lightcurve Database compiled by Harris et al., http://www.psi.edu/
pds/resource/lc.html and, for data on primaries of binary systems
in our sample, in the Binary Asteroid Parameters dataset (see
Pravec and Harris, 2007).

3. Spin rates of small asteroids
3.1. MB/MC asteroids with D = 3 to 15 km

Figs. 1 and 2 show a distribution of spin rates of main belt/Mars
crossing asteroids with diameters from 3 to 15 km. The distribu-
tion is consistent with a uniform distribution between f =1 and
9.5 d~!, with an excess of slow rotators at f <1 d~!. The excess
of slow rotators among small asteroids has been found already in
previous studies (Pravec and Harris, 2000; Pravec et al., 2002) us-
ing smaller datasets.

A possible explanation for the uniform distribution of spin rates
of small MB/MC asteroids between f =1 and 9.5 d~! is provided
from the theory of the YORP effect (see, e.g., Capek and Vokrouh-
licky, 2004). The theory predicts that the rate of change of spin
frequency (f) produced by YORP is independent of f, as long as
it is in a range of frequencies where damping timescales of ex-
cited rotation are short in comparison with YORP spin up/spin
down timescales.2 Any concentration in an original distribution of
spin rates is therefore dispersed by the YORP effect, producing a
distribution more uniform than the original one. As there is no de-
pendence of f on f, the evolution of spin rates by the YORP effect
does not produce any new concentration in the spin rate distribu-
tion. The resulting spin rate distribution is flattened, i.e., it is more
uniform than the original distribution.

A simple model showing how a mechanism evolving asteroidal
spin rates with f = const for each individual asteroid produces a
uniform distribution from an original non-uniform one is shown in
Appendix A. A characteristic timescale T of the model corresponds
to the YORP doubling/halting time tq of an asteroid rotating with
angular frequency w near the middle of the range of spin rates.
The doubling/halting time is given by

w I-w

TSI TERY

: (1)

2 A basic YORP theory assumes that asteroid is in its basic rotation state around
principal axis, i.e., any excitation of rotation produced by the YORP effect is damped
down rapidly by inelastic dissipation of energy inside the body. See also comments
on coupling between evolution of spin rate and evolution of obliquity in the first
paragraph and footnote in Appendix A.
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