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Discovery and study of small satellites of asteroids or double asteroids can yield valuable information about the intrinsic properties of asteroids themselves and about their history and evolution. 

Determination of the orbits of these moons can provide precise masses of the primaries, and hence reliable estimates of the fundamental property of bulk density.  This reveals much about the composition and structure of the primary and will allow us to make comparisons between, for example, asteroid taxonomic type and our inventory of meteorites.  The nature and prevalence of these systems will also give clues as to the collisional environment in which they formed, and have further implications for the role of collisions in shaping our solar system, including formation of our own Moon. 

A decade ago, binary asteroids were more of a theoretical curiosity.  Despite numerous reports of satellites from lightcurve shapes or anomalous secondary blinkouts during occultations, none of these reports has reliably been confirmed.  Theoretical expectations of the frequency of such systems ranged from essentially absent, to rare, to common.  In 1993, the Galileo spacecraft allowed the first undeniable detection of an asteroid moon, with the discovery of Dactyl, a small (2 km) moon about the S-type, 31-km-sized, main-belt Ida.  Despite ground-based and HST searches for other moons, five years would elapse before the first definitive and verifiable detection of another binary system, that of 13-km moon circling C-like, 214-km, 45 Eugenia, now known as Petit-Prince Since that time, and particularly in the last year, the number of known binaries has risen dramatically.  Previously odd-shaped and lobate near-Earth asteroids, observed by radar, have given way to signatures indicating, almost certainly, that at least two NEAs are binary systems.  The tell-tale lightcurves of several other NEAs reveal a high likelihood of being double.  Indications are that among the NEAs, there may be a binary frequency of several tens of percent. 

Among the main-belt asteroids, we now know of 6 confirmed binary systems. The detections have largely come about because of significant advances in adaptive optics systems on large telescopes, which can now reduce the blurring of the Earth's atmosphere to compete with the spatial resolution of space-based imaging (which itself, via HST, is now contributing valuable observations). Most of these binary systems have similarities.  Five of the 6 systems have large, C-like, low-albedo, primitive bodies as the primary.  All of the systems have orbital radii that are less than about 11 times the radius of the primary, and 5 of these have order-of-magnitude similar mass ratios.  One of the systems is truly exotic, that of the double 90 Antiope, which has similar-sized components.  Theoretical work is suggesting that such a system should be rare. Similarities and differences among the detected systems is thus revealing important clues about the possible formation mechanisms.  There are several theories seeking to explain the origin of these binary systems.  Of course, the satellite must be stable against solar perturbations and against the destabilizing effects of the possibly non-spherical gravitational potential of the primary.  Further, small moons are subject to the constraints of limited lifetime against collisions.  While capture of these objects remains a remote possibility, they were almost certainly created by collisions.  Among these possibilities are: 1) creation of mutually co-orbiting fragments from a catastrophic disruption of a parent body, 2) reaccretion of ejecta from a major, oblique, sub-catastrophic collision between an impactor and the primary, and 3) bifurcation of a (rubble-pile) parent body after rapid spin-up by a large impactor. Now that we have reliable techniques for detection, we have been rewarded with many examples of systems for study. This has in turn spurred new theoretical thinking and computational studies, the techniques for which have also improved substantially in recent years.

