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We propose and analyze a new mechanism for the formation of the wide asynchronous binary population.
These binary asteroids have wide semi-major axes relative to most near-Earth-asteroid and main-belt-
asteroid systems as shown in the attached table. Confirmed members have rapidly rotating primaries and
satellites that are not tidally locked. Previously suggested formation mechanisms from impact ejecta, from
planetary flybys, and directly from rotational-fission events cannot satisfy all of the observations.
The newly hypothesized mechanism works as follows: (1) these systems are formed from rotational fission, (2)
their satellites are tidally locked, (3) their orbits are expanded by the binary Yarkovsky-O’Keefe-Radzievskii-
Paddack (BYORP) effect, (4) their satellites desynchronize as a result of the adiabatic invariance between
the libration of the secondary and the mutual orbit, and (5) the secondary avoids resynchronization because
of the YORP effect. This seemingly complex chain of events is a natural pathway for binaries with satellites
that have particular shapes, which define the BYORP effect torque that acts on the system. After detailing
the theory, we analyze each of the wide-asynchronous-binary members and candidates to assess their most
likely formation mechanism. Finally, we suggest possible future observations to check and constrain our
hypothesis.
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Table 1
Wide Asynchronous Binary Asteroids

Asteroid System a! e! q Rp a a Pp Pp Ps Ps

(AU) (km) (Rp) (km) (Pd) (hr) (Pd) (hr)

317 Roxanea 2.29 0.09 0.023b 9.4b 27 257b 3.5 8.2c . . . . . .

1509 Esclangona (1938 YG)d 1.87 0.03 0.036d 4.3e 49 210d 1.4 3.3f 2.8 6.6f

1717 Arlon (1954 AC)g 2.20 0.13 >0.216g 3.9h 15 59h 2.2 5.1g,∗ 7.8 18.2g,∗

4674 Pauling (1989 JC)i 1.86 0.07 0.033i 2.2j 116 250i 1.1 2.5k . . . . . .

17246 (2000 GL74)l 2.84 0.02 0.064l 2.3h 99 228b . . . . . . . . . . . .

22899 (1999 TO14)m 2.84 0.08 0.033m 2.7n 67 182b 1.7 4.0o . . . . . .

32039 (2000 JO23)p 2.22 0.28 0.275p 1.3h 32 42h 1.4 3.3p 4.8 11.1p

51356 (2000 RY76)q 1.81 0.11 0.009q 1.2h 9 11h 1.1 2.6q . . . . . .

1998 ST27
r 0.82 0.53 0.0034r 0.28r 16 4.5s 1.3 3.1r 2.6 !6.0r

Notes. Columns are the heliocentric semimajor axis a! and eccentricity e!, mass ratio q, radius of the primary Rp, mutual semimajor axis a measured
in both primary radii Rp and kilometers, and rotation periods of the primary and the secondary measured in hours and the surface disruption period
limit Pd =

√
3π/ρG, where ρ is the density and G is the gravitational constant. Osculating orbital elements are from the JPL Horizons system.

The published 1σ uncertainties are often below the precision reported in the table, but separation distances are sometimes projected distances from
adaptive optics direct imaging and not true semimajor axes.
a Merline et al. (2009).
b Durda et al. (2010).
c Harris et al. (1992).
d Merline et al. (2003a).
e Marchis et al. (2012).
f Warner et al. (2010).
g Cooney et al. (2006).
h Calculated values consistent with reported observations determined by P. Pravec and colleagues and reported in the binary asteroid parameter data
at http://www.asu.cas.cz/∼asteroid/binastdata.htm, which are compiled according to methods described by Pravec & Harris (2007).
i Merline et al. (2004).
j Pravec et al. (2012a).
k Warner et al. (2006).
l Tamblyn et al. (2004).
m Merline et al. (2003b).
n Masiero et al. (2011).
o Polishook et al. (2011).
p Pray et al. (2007).
q Warner & Pray (2013).
r Benner et al. (2003).
s Brozović et al. (2011).
∗ In the original report by Cooney et al. (2006), it is not clear which period belongs to which body of 1717 Arlon. We have assigned the periods
based on the common pattern of a more rapidly rotating primary on the basis of likely formation by rotational fission; however, P. Pravec and
colleagues (private communication) are preparing to report that the periods may more likely belong to the other body as shown above. We also call
attention to the large mass ratio of 1717 Arlon, which is only a lower limit. This binary may be very strange indeed.

These wide asynchronous binaries are also distinct from the tight
asynchronous binaries (e.g., 35107 (1991 VH)), which have a
similar distribution of semimajor axes to the singly synchronous
population, with the same observed upper limit of 8Rp.

All known wide asynchronous members have Rp ! 10 km.
The YORP effect is not efficient at driving asteroids to rotational
fission above this size, because of competition with collisional
evolution and the dynamical lifetimes of the systems. We
limit the suspected members to this size range and note that
the other binary asteroid classes hypothesized to form from
YORP-induced rotational fission obey this size cutoff. To
summarize, wide asynchronous binary candidates have low
mass ratios, small sizes, and rapidly rotating primaries with
the exception of 317 Roxane and possibly 1717 Arlon. These
characteristics are identical to the singly synchronous binary
population (Jacobson & Scheeres 2011c), but all of these
systems have larger semimajor axes, and those with measured
secondary rotation periods are asynchronous.11

11 Statistics regarding binaries in this paragraph are from the 2011 July 1
binary asteroid parameter release at
http://www.asu.cas.cz/∼asteroid/binastdata.htm . It is compiled according to

The names and properties of each wide asynchronous can-
didate are listed in Table 1. The next two columns are the he-
liocentric semimajor axis a! and eccentricity e!, which are
relevant for radiative torques. The orbits of these systems are
very diverse and include near-Earth, Mars-crossing, and main
belt asteroids. The mass ratio q is in Column 4. With the possible
exception of 1717 Arlon, which could be significantly larger, all
systems have mass ratios below or near the low mass ratio limit
of q ∼ 0.2 as defined in Jacobson & Scheeres (2011a), where
it was determined that with all other things being equal, low
mass ratio binaries tidally synchronize their secondary members
much more quickly than their primary members.12 The primary
radius Rp is in Column 5. For many calculations, we use a spher-
ical approximation for both bodies, so the secondary radius is
Rs = q1/3Rp. Then the mutual semimajor axis a is given in both
Rp and kilometers. For all of the equations in the text, a has been
normalized to the primary radius. This normalization allows us

methods described by Pravec & Harris (2007) and is maintained by P. Pravec
and collaborators.
12 Roughly following the rule τp,synch = τs,synchq

−7/3, using the
tidal–BYORP equilibrium and classical tidal theory.
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Figure: The confirmed and suspected members of the wide-asynchronous-binary population.
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