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We present results from an adaptive optics

(AO) survey conducted with the Palomar and

Keck telescopes over 3 years, to measure the fre-

quency of stellar and sub-stellar companions to

Sun-like stars. The survey sample contains 266

stars in the 3 − 10000 Myr age range, at helio-

centric distances between 8 and 200 parsecs, and

spectral types between F5–K5. A sub-sample of

101 stars, between 3 − 500 Myr old, were ob-

served in deep exposures with a coronagraph to

search for faint sub-stellar companions. A to-

tal of 287 candidate companions were discovered

around the sample stars, which were re-imaged

at subsequent epochs to determine physical as-

sociation with the candidate host stars by check-

ing for common proper motion. Benefiting from

a highly-accurate astrometric calibration of the

observations, we were able to successfully apply

the common proper motion test in the majority

of the cases, including stars with proper motions

as small as 20 milli-arcseconds year−1.

The results from the survey include the dis-

covery of three new 3–500 Myr brown dwarf com-

panions, one companion at the stellar/sub-stellar

boundary, and 43 new 3–3000 Myr stellar binary

systems. Near-infrared (near-IR) spectroscopy

and photometry indicate that the newly-discovered

young brown dwarf companions span a range of

spectral types between M5 and T0.5 (Figure 1).

As such, they are of prime significance for the

empirical calibration of future observations of

young brown dwarfs and extra-solar planets.

Based on the 3 new detections of sub-stellar

companions in the sub-sample of 101 young stars,

and following a careful estimate of the survey

incompleteness, a Bayesian statistical analysis

shows that the frequency of 0.012–0.072 solar-

mass brown dwarfs in 30–1600 AU orbits around

Fig. 1.— Near-IR color-magnitude diagram of

the new bona fide (circles) and candidate (tri-

angle) brown dwarfs. Predictions from the Lyon

group DUSTY (Chabrier et al. 2000) and COND

(Baraffe et al. 2003) models have been overlaid.

Solid lines delineate 1, 10, 100, and 1000 Myr

isochrones: from top to bottom in the DUSTY

models, and from right to left in the CONDmod-

els. Dotted lines show tracks of constant mass for

0.010 M⊙ and 0.030 M⊙ objects, whereas the

dashed lines show the hydrogen-burning limit

(0.072 M⊙) at solar metallicity. Mass also in-

creases from top to bottom in the DUSTY mod-

els, and from right to left in the COND mod-

els. The small × points represent M–T dwarfs

with known parallaxes (Leggett et al. 2002; Dahn

et al. 2002; Reid et al. 2004). At a photometri-

cally estimated spectral type of T0.5, the coolest

<500 Myr old brown dwarf companion has pho-

tospheric properties intermediate between those

predicted by the DUSTY and the CONDmodels.
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young solar analogs is 6.8+8.3
−4.9
% (2σ limits). While

this is a factor of 3 lower than the frequency of

stellar companions to G-dwarfs in the same or-

bital range, it is significantly higher than the fre-

quency of brown dwarfs in 0–3 AU orbits, discov-

ered through precision radial velocity surveys.

It is also fully consistent with the observed fre-

quency of 0–3 AU extra-solar planets. Thus,

the result demonstrates that the radial-velocity

“brown dwarf desert” does not extend to>30 AU

separations around young solar analogs.

The sample of stars itself was adopted largely

from the already compiled list of Sun-like stars

in the same age range, studied by the Forma-

tion and Evolution of Planetary Systems (FEPS)

Spitzer Legacy team (Meyer et al. 2005). The

combination of high-angular resolution, high-contrast

observations obtained in this survey with the

sensitive mid-IR Spitzer data collected by the

FEPS team will create an unprecedentedly com-

prehensive picture of the link between (sub-)stellar

multiplicity and planet formation around Sun-

like stars.
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