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1. Scientific Justification

The L- and T-type brown dwarfs (Kirkpatrick 2005) are uniqueamong stellar classes because
their effective temperatures span the condensation pointsof various chemical compounds. Their
spectral energy distributions (SEDs) are governed by condensate opacities arising from a multi-
layer structure of cloud decks with distinct compositions,and by complex molecular gas-phase
chemistry.

In principle, the L–T sequence is a cooling progression: it traces the evolution from warm
(&1400 K) condensate-rich, “dusty,” atmospheres to cooler, gas-dominated, clear atmospheres.
Hence, the relative numbers of L and T dwarfs carry information about the rate of cooling and
dust sedimentation. However, early atmospheric studies found that the L/T transition is far more
rapid than dusty models indicate (e.g., Vrba et al. 2004). Itis now known that the removal of
dust is dependent on several factors that may accelerate it or slow it down beyond the rate dictated
by evolutionary cooling. These include surface gravity andmetallicity (e.g., Kirkpatrick 2005),
extremes of which are observed in the∼50 mostly serendipitously discovered “peculiar” L and T
dwarfs. Strong evidence is emerging that the thickness and the patchiness of the cloud cover are
also essential parameters (e.g., Burgasser et al. 2008; Marley et al. 2010).

The ensemble of factors that governs the evolution of cloudsand dust in substellar atmo-
spheres necessitates samples of hundreds of objects for an empirical separation of the various
phenomena. The present sample of L/T-transition or peculiar brown dwarfs is an order of magni-
tude too small. The observational evidence is further complicated by the unusually high fraction
(≥ 50%) of the≈40 known L/T transition dwarfs that have been resolved into binaries (e.g., Bur-
gasser et al. 2006, 2010; Liu et al. 2006). This, combined with the continued serendipity of the
discoveries of peculiar L and T dwarfs, underscores the limits of our understanding of the breadth
of the physical conditions in substellar atmospheres.

With the aim to put substellar atmospheric phenomenology ona comprehensive statistical
footing, we have commenced a large program to identify and follow-up well-defined samples of
L and T dwarfs in 2MASS and SDSS. We first conducted a pilot study by cross-correlating the
two databases only over the SDSS DR1 footprint (2100 deg2), and selecting objects that satisfy a
z − J ≥ 2.75 mag criterion: likely L or T dwarfs. The results from this small program, presented
in Metchev et al. (2008) and Geißler et al. (2011), were unexpectedly rich : (1) we discovered new
T dwarfs in an already heavily perused region in both SDSS and2MASS; (2) we hence obtained
the first estimate of the space density of isolated T0–T8 dwarfs, and (3) derived a semi-empirical
constraint on the field substellar mass function in the T dwarf domain; (4) using spectral template
fitting we identified a number of new unresolved substellar binaries, and hence presented the first
robust estimate of the space density of T dwarf companions; and (5) we found a significant new
population of L dwarfs that show only subtle spectroscopic peculiarities (see Fig. 1) and fill missing
links in the gradation between ordinary and highly peculiarL dwarfs.

We have now expanded our approach to cover the entire SDSS DR8footprint: a seven times
wider area. The main goals of this NASA ADAP-funded program are to: (1) produce a∼40-
fold expansion of the sample of peculiar L and T dwarfs through targeted identification of this
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heretofore under-studied class of objects; (2) generate a&10 times larger flux-limited sample of
(probable) binary L and T dwarfs; and (3) improve the accuracy of the space density estimates of L
and T dwarfs by a factor of 3–10. The disproportionate expansion in the expected number of new
peculiar or binary L and T dwarfs comes as a direct consequence of our pilot program, where we
found that they often have distinctive (e.g., redz− J) colors compared to ordinary L and T dwarfs
on SDSS/2MASS color-color diagrams (Fig. 2).

A parallel Spitzer Exploration Science program (GO 80179; PI Metchev) to study substellar
variability will offer an in-depth view of the cloud structure in a select few L and T dwarf atmo-
spheres, and will orthogonally complement the present statistical study. The totality of the results
will enable a comprehensive and detailed understanding of the frequency and time scales of the
full range of L and T dwarf atmospheric phenomena.

SpeX is the proven workhorse for brown dwarf studies, and wasused almost exclusively
during our pilot campaign. The low (R ∼ 150) resolution of its prism mode ensures highly efficient
observations and is adequate for the classification of gravity- and metallicity-dependent features in
brown dwarf spectra.

2. Technical Justification

We have deployed our global SDSS-DR8/2MASS cross-match over several distinct areas,
which we are now enlarging to encompass the entire DR8 footprint. Our first focus is a sample
of 40 high-fidelity peculiar L or T dwarf candidates, confirmed through visual inspection of the
2MASS and SDSS images. We plan to obtain low-resolution spectra of the 28 of these visible in
2012A. All targets are between 16–17.5 mag atJ band.

We will use the SpeX spectrograph on IRTF in its prism mode. This mode allows highly
efficient spectroscopy over the 0.8–2.5µm wavelength range in a single order, and thus a self-
consistent optical/near-IR spectral classification of L and T dwarfs. We will use a 0.5”×15” slit
which offers spectral resolution ofR ∼150 atH band. Using the on-line SpeX exposure time
calculator (ETC) we find that we can achieve S/N≈30 in the onset of CH4 absorption at 1.3µm on
aJ = 17 mag object in 60 min. This estimate has been corrected for thefact that, as mentioned on
the ETC webpage1, the measured sensitivity of SpeX is≈0.5 mag brighter than predicted by the
ETC. The estimated sensitivity also agrees with our prior experience with SpeX between 2007 and
2011. We use this calculation as a reference point for all oursignal-to-noise computations. The
total exposure time required for spectroscopy of the 28 candidate L and T dwarfs and the necessary
telluric standards is 28.0 hours.

Spectra will be taken by dithering objects along the slit in the A-B-B-A fashion to allow al-
ternating parts of the detector to be used for acquiring the target and the sky spectra. Individual
exposure times will be between 0.3 min and 3 min, depending onthe brightness of the object. To
mitigate the effect of differential atmospheric refraction over the broad spectral band of the obser-
vations, we will position the instrument rotator at the parallactic angle for each target. Guiding

1http://irtfweb.ifa.hawaii.edu/cgi-bin/spex/spexcalc.cgi
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during spectroscopy will be done using field stars in the SpeXnear-IR guider camera (“guidedog”)
or in the larger optical annular guider. Spectral standardswill not be observed, but instead will
be retrieved from the SpeX Prism Spectral Library.2 Telescope and spectrograph flexure will be
monitored by taking internal flat fields and exposures of the Ar arc lamp after each telluric standard
(A0 star) observation. The flat fields and arc spectra take≈2 min per set and telluric standards will
be exposed for 1 min, so we anticipate spending 1.4 hrs on instrumental and telluric calibration.

Because of the relative vicinity (<50–100 pc) of our targets to the Sun, they may have signif-
icant proper motions, potentially>1” per year. The limited time baseline between the 2MASS and
SDSS observations (≤7 years) or the low signal-to-noise of the 2MASS and SDSS detections may
prevent us from calculating proper motions with sufficient accuracy. We therefore plan to obtain
J-band images of each target with SpeX for astrometric measures and to get the precise location
of the target prior to obtaining slit spectra. Scaling from the 2MASS flux limits (S/N=10 on a
J=15.5 mag object in 7.8 sec on a 1.3 meter telescope) and assuming similar telescope throughput,
we find that we should obtain S/N∼10 signal from aJ=17 mag object in 30 sec with IRTF. We
will take five dithered 30 secJ-band imaging exposures per target for sky estimation. We will
additionally take five dithered 30 secK-band imaging exposures to allow photometric calibration
of the spectra at both theJ andK bands. Altogether, the imaging observations of the 28 candidate
L and T dwarfs standards will take 2.3 hrs.

To summarize, we need 31.7 hrs for science exposures with SpeX: 29.4 hrs for spectroscopy
of new brown dwarf candidates and calibration, and 2.3 hrs for imaging. Based on our experience,
instrument overhead associated with slewing, target acquisition, instrument rotator alignment, and
dithering along the slit is≈ 30%. Hence, we anticipate needing a total of 41.2 hrs, or 4 nights,
with SpeX on the IRTF.

Our targets are distributed in RA over the entire sky. For optimal visibility, we request that
our time be scheduled either as one contiguous block near themiddle of the semester (Apr-May),
or as two separate runs in the first and last thirds of the semester.

2http://pono.ucsd.edu/∼adam/browndwarfs/spexprism/
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Fig. 1.—: IRTF/SpeX prism spectra of the peculiar L2 dwarf 2MASS 0126+1428 (Metchev et al. 2008) compared
to: (a) SpeX spectra of field L dwarfs and(b) SpeX spectra of low-gravity objects: the late-M giant IY Pup, the
1–50 Myr L0 dwarf 2MASS 0141−4633 (Kirkpatrick et al. 2006), and the 60–300 Myr L2 dwarf G 196–3B (Allers
et al. 2007). The spectrum of 2MASS 0126+1428 does not show the strongJ-band alkali absorption lines seen in old,
field L dwarfs, and shares similar characteristics (a peakedH-band continuum, enhanced VO and H2O absorption)
with the low surface gravity young L dwarfs and the M giant.2MASS 0126+1428 is only a moderately peculiar L
dwarf, with a surface gravity of ∼0.5 dex smaller than that of 1–10 Gyr field dwarfs. Nevertheless, it was easily
picked up by its red z − J color in our combined SDSS/2MASS color-color selection (see Fig. 2).

Fig. 2.—:SDSS/2MASS color-color diagrams of L (squares) and T (triangles) dwarfs. Objects discovered in Metchev
et al. (2008) and Geißler et al. (2011) are shown as filled symbols, with the peculiar or binary among them encircled.
The presently identified new candidates are shown with ’+’ symbols. Previously known objects from Chiu et al.
(2006) are shown as open symbols. Solid arrows, where present, indicate lower or upper limits on the colors. The
reddest of the new L dwarfs, whether inz − J or in J − Ks, are all peculiar, with the peculiarity in all cases being
only modest. An example is the moderately low-gravity L2 dwarf 2MASS 0126+1428, whose spectrum is shown in
Figure 1. The encircled L dwarf in the middle of the T-dwarf locus in the right panel is an unresolved L2+T5 binary,
2MASS 1423+6154. Despite its T dwarf-like near-IR colors, its L dwarf component is readily identifiable by its
i− z ≈ 2.0 mag color in the left panel. The horizontal dashed lines trace the blue limit of thez − J ≥ 2.75 mag color
cut used in the SDSS/2MASS cross-match; median photometricerrors are shown with the error bars.Moderately
peculiar L dwarf or L/T binaries can be readily identified by t heir often unique colors on combined optical/near-
IR color-color diagrams.
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Object List

Coordinates J tint

Object (J2000.0) (mag) (min)

2MASS J0730+2709 07h 30m 29.33s, +27◦ 09′ 05.1′′ 16.8 60
2MASS J0735+2720 07h 35m 48.8s, +27◦ 20′ 17′′ 16.9 60
2MASS J0809+0248 08h 09m 48.50s, +02◦ 48′ 26.6′′ 16.7 60
2MASS J0820+5101 08h 20m 18.12s, +51◦ 01′ 51.9′′ 15.9 (H) 60
2MASS J0846+4503 08h 46m 56.86s, +45◦ 03′ 34.1′′ 16.7 60
. . .
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