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Abstract. We present a planetary-mass companion found 42 (2000 AU) from a M3 star, candidate member
of the young (50-120 Myr) AB Doradus moving group. It was identified through an ongoing survey with
GMOS at Gemini-South, via its distinctively red i-z color (>3.51). The comoving status of this object was
confirmed by 2 epochs of WIRCam/CFHT J-band images. The NIR photometry and WISE colors suggest
an early-to-mid T bound companion. A NIR spectrum, taken with GNIRS at Gemini-North, confirms a midT spectral type. With an estimated temperature between 900 K and 1200 K, models predict a mass between
7 and 12 MJ up for this object. The benchmark character of this planetary-mass object lies in its relatively
well-constrained age and in its very wide separation, that allows in-depth studies that can help validating
models and understanding similar but closer-in companions such as the ones that will be uncovered by
next-generation planet finders (e.g. GPI and SPHERE).

1. INTRODUCTION
In the last years, planetary-mass objects were discovered in the Sun’s neighborhood through direct
imaging, thanks to new powerful high-contrast imaging techniques. Young stars of less than a few
hundred million years, such as the ones found in young local associations, constitute ideal targets for
that detection method, since the young planets that orbit them emit considerably more light than would
older ones. The lowest-mass stars of these young associations are even better targets to detect planets of
given masses, since the brightness ratio is then more favorable.
Recently, [1] identified many new low-mass members of young local associations ( Pictoris
and AB Doradus moving group, as well as TW Hydrae, Tucana-Horologium, Columba, Carina and
Argus associations). To do so, they used a novel Bayesian analysis that allows, for a star with given
photometric (I and J magnitudes) and astrometric ( cos ,  , RA, DEC) characteristics, to evaluate
the membership probability to an association. A confirmation of membership can be obtained if the
distance and/or the radial velocity is/are measured and coincide with the the one(s) that is/are predicted
by the analysis if the hypothesis is true. The reader is referred to [1] for more details.
The highly-probable low-mass members of young associations constitute the sample of the
Planet Search around Young M-dwarfs (PSYM), a survey we undertook to search for planetary-mass
companions. This survey comprises two observational programs, both carried at Gemini-South, in
Chile. The first uses NICI [2], a high-contrast imager, and takes advantage of Angular Differential
Imaging (ADI [3]) and Spectral Differential Imaging (SDI [4]) to detect companions down to 2 MJ up
between 15 and 300 AU around the stars. Second epochs are currently being taken for this program,
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Figure 1. a) Main: the candidate in a composite image: i (blue), z (green) and J (red). Top right corner image: a
composite W 1 (blue), W 2 (green) and W 3 (red). As expected from a mid-T spectral type object, it is brighter in J
and in W 2. b) Proper motion as measured from two J -band images taken in October 2011 and September 2012,
both with WIRCam/CFHT and with the same settings. The reference stars are represented by small black dots,
while the companion is represented by a big pink dot. The host star, saturated in the J -band images, has literature
proper motions that were averaged and shown with the orange star symbol.
Table 1. Companion photometric properties.

iAB
z AB

>25.28 ± 0.07 (3)
21.76 ± 0.07

J
H

18.12 ± 0.03
17.68 ± 0.05

K
W2

17.36 ± 0.03
15.0 ± 0.1

which surveyed over 40 stars. The second program, which allowed the discovery of the planetary-mass
companion presented here, uses GMOS [5] in a standard photometric mode with i and z filters. It allows
the identification of companions down to 3-5 MJ up at greater separations, between 100 and 5000 AU,
through their red i-z color. Over the >90 stars surveyed so far with GMOS, the companion presented
here is the only candidate that was found.
2. THE COMPANION AND ITS HOST STAR
The companion was uncovered around an M3 star (Figure 1a), which was found to be a high probability
candidate member of the AB Doradus moving goup (ABDMG) through the Bayesian analysis and with
measurements of radial velocity. The age of ABDMG is known to be between 50 and 120 Myr [6, 7].
Since the statistical distance of a star given by the analysis has proven to be a very reliable measurement
of the true distance (see Fig. 5 in [1]), we adopt this value (48±2 pc) for the distance of the system. The
star also shows other signs that could be attributed to youth, such as very strong X-ray and H  emissions
[8] and a very short rotation period (∼1 day, [9]).
As seen in Figure 1a, the companion is 42 from its host, which corresponds to an angular
separation of ∼2000 AU (at 48 pc); it is thus among the widest companions known. The candidate
remained undetected in i despite a deep follow-up, resulting in a very red lower limit of >3.51 for i-z.
Observations in J taken with WIRCam/CFHT [10] allowed the confirmation of the common proper
motion between the companion and the star (Figure 1b). Table 1 summarizes the main photometric
properties of the companion.
The comparison of the companion’s colors to other known field dwarfs, for example z AB − J on
Fig. 2 of [11] or H − W 2 to Fig. 1 of [12] indicates a spectral type between T2 and T6. A preliminary
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Figure 2. Mass vs age of a sample of companions and low-mass objects known along with iso-Teff from [15]
(dashed line). Our companion is shown by a red cross. It stands in the yellow portion, which is the planetary-mass
regime, according to the 13 MJ up convention.

analysis of the near-IR (1-2.5 m) spectrum recently obtained with GNIRS/Gemini-North confirms a
mid-T type. Also, colors suggest the object might have a low surface gravity (which would be consistent
with a bigger radius and thus youth) and/or a high metallicity (see for example Fig. 4 in [13]). This
is further suggested by the enhanced K-band flux observed in the GNIRS spectrum, but has still to be
confirmed by a thorough analysis of the spectrum. The spectral type, or the absolute magnitudes (as
computed with the statistical distance) can be combined to the age estimate of ABDMG to evaluate a
mass in the 7 to 12 MJ up range for this object (using BT-Settl [14] grids).
It is interesting to compare the physical properties of this object with that of other companions and
low-mass objects (Figure 2). It is similar in some respect to Ross 458(AB) c (also called Ross 458 C), a
T8.5 object that orbits a pair of M dwarfs at a distance > 1100 AU [16, 17]. However, the much better
constrained age of our companion could be helpful to validate models and make comparisons. Also, this
object is similar, in age and mass, to the HR 8799 planets, which were among the first to be directly
imaged [18], but at a very wide separation of ∼2000 AU, it is amenable to more detailed measurements
(e.g. high-resolution spectroscopy) than these closer-in planets. It can also be seen as a more massive
version of the free-floater planetary-mass object (4-7 MJ up ) CFBDSIR2149-0403 recently discovered in
ABDMG [11], the main difference being that it is gravitationally bound. Because it is relatively bright,
this object could serve as a proxy for planets such as the ones that will be uncovered by high-contrast
imagers (GPI, SPHERE) and other objects that are in the glare of their host star.

3. CONCLUSION
We have identified a planetary-mass companion around a young M dwarf through a direct imaging
survey. Its near-IR spectrum and other observational properties suggest that it has a mass between 7
and 12 MJ up . A thorough study of the host star, including parallax measurement and research of other
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companions, are underway. The well constrained age and wide angular separation of this new object
from its host star make it a unique benchmark target to improve our understanding of exoplanets.
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