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Young brown dwarfs as giant exoplanet analogs
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Abstract. Young brown dwarfs and directly-imaged exoplanets have enticingly similar
photometric and spectroscopic characteristics, indicating that their cool, low gravity atmo-
spheres should be studied in concert. Similarities between the peculiar shaped H band, near
and mid-IR photometry, as well as location on color magnitude diagrams provide impor-
tant clues about how to extract physical properties of planets from current brown dwarf
observations. In this proceeding we discuss systems newly assigned to 10-150 Myr nearby
moving groups, highlight the diversity of this uniform age-calibrated brown dwarf sample,

and reflect on their implication for understanding current and future planetary data.
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1. Introduction

Despite different formation mechanisms,
brown dwarfs and giant exoplanets share many
physical properties, including overlapping
temperature regimes and condensate clouds
in their atmospheres. Recent studies have
revealed a striking resemblance between ob-
servations of directly imaged giant exoplanets
and young low-temperature brown dwarfs
(e.g. [Faherty et al.|2013). Both populations
deviate significantly from older, equivalent
temperature objects, and it has been proposed
that thick clouds present in the young objects
but not in the old ones could explain anoma-
lous observables (Barman et al.| 20115 |Currie
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et al.|[2011; Madhusudhan et al.|[2011). While
only a handful of planetary systems can be di-
rectly studied with current technology, young
brown dwarfs are relatively numerous, bright,
and isolated in the field. They were largely
discovered serendipitously while conducting
an all-sky or proper motion search for nearby
brown dwarfs (e.g. [Kirkpatrick et al.| 2010;
Cruz et al.|2009; |Gizis et al.ll2012; Thompson
et al.J2013). The current collection lends itself
to low, medium and high resolution optical
and/or NIR spectroscopy, parallax programs,
as well as precise photometric follow-ups.
As such, they are excellent candidates for
extensive studies not currently possible for
exoplanets (Cruz et all 2007; Rice et al.
2010albj [Faherty et al|2012, 2013; |Allers &
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Liu 2013)). In this proceeding we review the
characteristics of the low-gravity brown dwarf
population and reveal that a number of these
sources are indeed members of 10-150 Myr
nearby moving groups.

2. Evidence for youth

As discussed in [Faherty et al.| (2013)), there are
several signatures of youth for isolated brown
dwarfs. These can be split into four categories
of diagnostic features: photometric, spectro-
scopic, luminosity, and kinematics. In the fol-
lowing sub-sections we discuss the broad di-
agnostics of low-surface gravity brown dwarfs
that led to our suspicion that they may belong
to nearby young moving groups.

Fig. 1. The low resolution NIR L dwarf sequence
for normal (black) and 7y low-gravity (dashed)
sources with prominent molecular features high-
lighted. At each subtype, a template average of mul-
tiple objects sharing the same optical spectral type is
shown. Details on how templates were created will
be described in Cruz et al. (in preparation), and the
collection will be available on the BDNYC brown
dwarf compendium website (see URL below).

2.1. Spectral features

Late-type M and L dwarfs are primarily classi-
fied in the optical where spectral features are
thought to be most sensitive to temperature
variations. While there are subtle changes in-
dicative of a lower surface gravity in the op-
tical, in order to fully characterize a young
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source, one must turn to the near-infrared
(NIR) where the majority of the flux is emitted
and the spectral energy distribution (SED) is
more sensitive to gravity variations. The most
telling spectral features of a young isolated
brown dwarf are (1) weak, narrow alkali lines,
(2) enhanced metal oxide absorption bands and
(3) a triangular peaked H-band. All of these
features are impacted because there is less
pressure broadening due to the source’s lower
surface gravity (see [Rice et all[2011); [Allers
& Liu [2013, for details). Consequently, low
and medium resolution data in JHK are criti-
cal for gauging the youth of an isolated source.
Cruz et al. (in preparation) have created low-
resolution NIR spectral templates for field L
dwarfs as well as y and 8 (low and intermediate
gravity respectively) classificationd! . Figure 1
shows the L dwarf sequence templates for both
normal and 7y isolated, nearby brown dwarfs.
The triangular shape of the H band is distinct
among the low-gravity sources and is promi-
nent (with varying levels of “extreme’) among
the 30 sources assigned to moving groups in
this proceeding .

2.2. Photometric features

Infrared colors (specifically J — K and W1 —
W2) generally increase with decreasing Teg
from late-type M through late-type L dwarfs.
Figure 2 shows the overall trends for L dwarfs
and demonstrates there is significant disper-
sion (up to ~1 mag for mid-L dwarfs) among
field sources thought to be >> 1 Gyr (Faherty
et al.[2009). This indicates that variations in
secondary parameters—e.g. gravity, metallic-
ity, binarity, atmosphere properties—drive sig-
nificant diversity throughout the evolution of
brown dwarfs. Isolating only sources desig-
nated as y or g gravity (see Figure 2), one finds
that this population deviates from field equiv-
alents by more than 20 |Faherty et al) (2013)
find that y sources are up to 0.8 mag redder in
J—K and 0.25 mag redder in W1-W?2. Indeed,

! We will be making the low resolution field
and low-gravity templates available at the young
brown dwarf compendium website |www.bdnyc.
org/young_bds/|


www.bdnyc.org/young_bds/
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Fig.2. The NIR (left) and MIR (right) color sequence with the average color for field L dwarfs and their
1o deviation highlighted by a black point and grey box respectively (from [Faherty et al.|2013). Suspected

young 3 and y sources are shown as triangles.

to date, there is no known source classified as
low-surface gravity with a NIR or mid-infrared
(MIR) color that is blueward of the median for
an equivalent subtype. Physically, the red NIR
color in young objects is brought on by en-
hanced photospheric dust as well as gravity-
induced changes to broadband NIR features.

2.3. Luminosity features

Parallax programs in recent years have be-
gun to fill in the gap of our understand-
ing of luminosity features for young isolated
brown dwarfs (Faherty et al|[2012; LLiu et
al2013). Emerging as a perplexing trend is
that while young M dwarfs appear overlu-
minous as expected on color-magnitude dia-
grams, suspected young L dwarfs are underlu-
minous in the NIR for their assigned spectral
type (Figure 3). At least two factors could con-
tribute to this trend: 1) Spectral types assigned
to low gravity objects do not necessarily corre-
spond (in temperature or luminosity) to spec-
tral types assigned for field dwarfs. Low grav-
ity significantly affects the entire spectrum so
field and young L dwarfs with the same spec-
tral type have quite different spectra (e.g., an
L1 and Lly; see [Cruz et al|[2009). As a re-
sult, it is quite likely that the low gravity L
dwarfs have a cooler spectral type/temperature
relation, thus making them appear underlumi-
nous on a spectral-type/absolute magnitude di-

agram; 2) Young objects are dustier than field-
aged dwarfs and thicker clouds shift flux to
longer wavelengths (e.g. 2M0355; see Faherty
et al.|2013)).

2.4. Tangential velocities

Individual space motions cannot be used to
date an object. However, one can look to a
population for statistical deviations that can
be used as an age indicator. In [Faherty et al.
(2009), both red and blue photometric outliers
were isolated, and their kinematics examined
as subpopulations against the field. Redder ob-
jects demonstrated smaller mean velocities and
tighter dispersions, while blue objects demon-
strated the converse. Isolating the low-surface
gravity sources, that happen to be among the
reddest in the brown dwarf sample, kinematics
show [Vian, 0wn]=[18 , 15] km s~!, the small-
est numbers for a subpopulation of the full
kinematic analysis. Using a crude age-velocity
analysis indicates that the low-gravity popula-
tion is indeed younger than the mean popula-
tion.

3. Assigning ages to low-gravity
brown dwarfs

We have identified 65 low-surface gravity
brown dwarfs (e.g. those with features de-
viant in 3-4 of the categories described above)
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Fig.3. The NIR color magnitude diagram for

brown dwarfs supplemented with planetary mass
companions, young low-mass companions, and y L
dwarfs.

that are candidates for an age calibrated sam-
ple. As shown in Figure 4, many are coin-
cident with the locations of the Argus (~ 30
Myr), B Pictoris (~10 Myr), TW Hydrae (~10
Myr), Tucana Horologium (~30 Myr), or AB
Doradus (~ 150 Myr) associations. To con-
clusively assign membership, we require pre-
cise astrometric measurements. Consequently,
as part of the Brown Dwarf Kinematics
Project (BDKP; |[Faherty et al|[2009, 2010,
2011412012), we have been collecting parallax,
proper motion and radial velocity data on the
full brown dwarf population. We have prior-
itized the low-surface gravity sources and re-
cently published precise parallaxes and proper
motions for a subset (Faherty et al.[2009,12012,,
20113)) and expect to publish radial velocities in
a forthcoming paper (Faherty et al., in prepara-
tion). In total we have enough kinematic infor-
mation on our sources to compute (or make es-
timates of) space velocity and positions to as-
sign preliminary membership to nearby mov-
ing groups.

4. Diversity of young brown dwarfs

Using estimated UV W velocities and XYZ po-
sitions in combination with a convergent point
and Bayesian analysis (Rodriguez et al.|2013;
Malo et alll2013)) we assign membership to 30
low-surface gravity brown dwarfs. We list the
groups for which we are assigning member-
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* AB Doradus (~150Myr)
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Fig. 4. The positions of young stars in nearby mov-
ing groups as well as suspected young brown dwarfs
in an all-sky galactic coordinate aitoff projection
(Faherty et al. in prep).

ship in Table 1 along with the optical gravity
classification (y for low and S for intermedi-
ate) for the sources. As shown, we see a diver-
sity among the gravity classifications assigned
to groups with a uniform age. For instance,
Pictoris, a ~ 10 Myr old moving group has
eight y and four 3 sources.Allers & Tiu (20173)
discuss this issue in context with the ~150 Myr
AB Doradus members 2M0355 and CD35-
2722B which look very different in the NIR—
the former a vy and the latter a 5. The diversity
that is emerging among equal age sources is
not surprising.|Faherty et al! (2013) discuss the
v L dwarfs and find that these proposed lowest
surface gravity isolated brown dwarfs show a
large range in the extent of their red photomet-
ric color (in both the NIR and the MIR). Indeed
in Figure 2, the y and S gravity sources show
almost a 1 magnitude range in outlier color in
the NIR and 0.2 magnitude range in outlier
color in the MIR for equivalent subtypes. For
those sources with parallax measurements we
find that the M dwarfs are overluminous in the
NIR whereas the L dwarfs are normal to under-
luminous in the NIR regardless of the age cali-
bration. We postulate that this diversity among
the age calibrated sample is due to complex
atmospheric chemistry which can differ from
source to source.
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Table 1. We list the number of y and 8 gravity
sources (low and intermediate respectively) that we
have assigned to nearby moving groups. Thirty in
total have been assigned to 10-150 Myr groups.

Group Age #BD vy B
Argus ~30 Myr 2 0o 2
AB Dor ~150 Myr 4 2 2
B Pic ~ 10 Myr 12 8 4
Tuc Horol.  ~ 30 Myr 12 10 2

5. Discussion: connection to
exoplanets

The estimated T.g of the directly imaged
planetary-mass companions 2M1207b (~ 10
Myr) and HR8799b (~ 30 Myr) are ~1100K
and 1600K, respectively, corresponding to mid
L and early T spectral types (Barman et al.
20115 ISkemer et al.|2011)). Detailed studies of
their near-IR spectra and photometric data re-
veal that both planets (1) are 1-2 mag underlu-
minous on color-magnitude diagrams, (2) have
unusually red near-IR colors, and (3) display
sharply peaked H-band spectra. Our population
of 30 brown dwarfs, now kinematically linked
to 10-150 Myr associations share in these de-
viations from field brown dwarfs.

Emerging as the most probable explana-
tion for the exoplanet observables are en-
hanced clouds induced by gravity effects.
Independently, the same explanation has been
reached for the young brown dwarfs (Faherty
et all [2013). Hence atmosphere and age
induced features are tangled in this low-
temperature regime. Based on the diversity of
the young brown dwarf sample discussed here-
in, there is much work to be done in decipher-
ing what features can be attributed strictly to
gravity and which to clouds. Fortunately there

959

is detailed information on the young brown
dwarfs. Future work will include a careful and
systematic study of the large amount of data
in hand and a thorough comparison to exist-
ing atmosphere and evolution models in order
to tease out the physics of deviant observables
and inform the next generation of models.
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