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Abstract. [Luhman| (2013) has reported the discovery of a brown dwarf binary system
only 2.01+0.15 pc from the Sun. The binary is well-resolved with a projected separation of
1”5, and spectroscopic observations have identified the components as late-L and early-T
dwarfs. The system exhibits several remarkable traits, including a “flux reversal”’, where the
T dwarf is brighter over 0.9—1.3 um but fainter at other wavelengths; and significant (~10%)
short-period (~4.9 hr) photometric variability with a complex light curve. These observa-
tions suggest spatial variations in condensate cloud structure, which is known to evolve
substantially across the L dwarf/T dwarf transition. Here we report preliminary results from
a multi-site monitoring campaign aimed at probing the spectral and temporal properties of
this source. Focusing on our spectroscopic observations, we report the first detections of
NIR spectral variability, present detailed analysis of K1 lines that confirm differences in
condensate opacity between the components; and preliminary determinations of radial and
rotational velocities based on high-resolution NIR spectroscopy.

Key words. Stars: binaries — Stars: fundamental parameters — Stars: Brown Dwarfs

1. Introduction

The transition between the L dwarf and T
dwarf spectral classes has emerged as one of
the outstanding problems in brown dwarf as-
trophysics. Spectroscopically, this transition is

Send offprint requests to: A.J. Burgasser

defined by the appearance of CH, absorp-
tion at near-infrared (NIR) wavelengths (e.g.,
Burgasser et al.|[2006a) and a reduction in
condensate cloud opacity (e.g., Marley et al.
2002), both leading to large changes in NIR
spectral energy distributions (SEDs). Among
field brown dwarfs, this transition takes place
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over a surprisingly narrow range of effective
temperatures (AT.g ~ 100-200K) and lumi-
nosities (AMpo =~ 0.1-0.3 dex; |Golimowski et
al.|2004; |Stephens et al.|[2009). Even more re-
markable is the existence of so-called “flip”
binaries, whose components straddle the L/T
transition and in which the later-type sec-
ondary can be brighter at 1 um than the pri-
mary (Burgasser et al.|2006b; [Liu et al.|[2006).
The most likely origin for these trends is a uni-
versal, “rapid” and possibly heterogeneous de-
pletion of photospheric condensates at the L/T
transition, the mechanism of which remains
unclear to this day (Ackerman & Marley2001}
Burgasser et al.| 2002b; Knapp et al.|[2004;
Saumon & Marley|2008)).

The recently-discovered binary brown
dwarf WISE J104915.57-531906.1AB (here-
after Luhman 16AB; [Luhmanl 2013) has
emerged as a key laboratory for studying the
L/T transition. Its components straddle the
transition, and it is a flip binary (Kniazev et
al.|2013} Burgasser et al.|2013)). Its proximity
(2.02+0.15 pc) implies its components are both
easily resolved (175) and bright, permitting
detailed investigation of their atmospheres; yet
the system is compact enough for orbit deter-
mination in a 20-30 yr timeframe. Finally, this
source has been shown to be variable (Gillon
et al.2013) with a peak-to-peak amplitude of
~10% and period of 4.87+0.01 hr.

2. The monitoring campaign

Given its unique characteristics and impor-
tance for understanding the L/T transition, we
coordinated a week-long monitoring campaign
of Luhman 16AB using telescopes in Chile,
Australia, Hawaii and South Africa. Our aim
was to measure the components of this system
panchromatically (radio, optical and infrared),
spectroscopically (optical and near-infrared,
low to high resolution), and temporally. The
observations conducted are summarized in
Table[Iland illustrated in Figure[Il Throughout
this period, ESO/TRAPPIST (Jehin et al.i2011))
was used to anchor the observations to a
common light curve. These data show that
Luhman 16AB has persisted in its strong vari-
ability. All of our spectroscopic observations
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Fig. 1. Scheduling blocks of observations over 22-
28 April 2013 (UT). ESO/TRAPPIST observations
are indicated by the plotted lightcurve.

coincided with some period of TRAPPIST
monitoring; the entire period is also blan-
keted by monitoring observations from the
Las Cumbres Observatory Global Telescope
Network (LCOGT; Street et al.|2012).

Here we report preliminary results from the
spectroscopic components of our campaign.

2.1. Resolved FIRE spectroscopy

Early NIR spectroscopy of Luhman 16AB
were limited to low-resolution data (e.g.,
Burgasseretal:|2013). In contrast, the Folded-
port Infrared Echellette (FIRE; Simcoe et al:
2610) on the Magellan 6.5m Baade Telescope
provides moderate-resolution (1/A1 ~ 6000)
spectroscopy spanning the 0.8-2.4 um band.
We obtained resolved spectra on 22 April 2013
(UT), and several epochs thereafter, achieving
S/N = 500 in 200 s integration per source. The
spectra reveal remarkable detail in atomic and
molecular features, including detection of FeH
and CH,4 absorption at H-band in both compo-
nents, and clear detections of several alkali fea-
tures at 4 < 1.3 um. Focusing on the 1.25 um
K1 doublet (Figure 2, these lines are suffi-
ciently strong that we can rule out either com-
ponent having a low surface gravity, as would
be expected if the system was a member of the
~40 Myr Argus association (Mamajek2013).
Comparing the line 'shapes—between
sources, by normalizing at the continuum
it appears that Luhman 16B has stronger,
broader lines, consistent with previously de-
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Table 1. Observations Conducted as Part of the Luhman 16 AB Monitoring Campaign

Instrument Program Leads
ESO/TRAPPIST Combined red optical monitoring Gillon, Triaud
DuPont/RETROCAM  Resolved NIR monitoring Faherty, Morell, Radigan
NTT/SOFI Combined NIR monitoring Radigan
CTIO/ANDICAM Resolved optical & NIR monitoring Faherty, Radigan
Magellan/FIRE Resolved moderate resolution NIR spectroscopy Faherty, Burgasser
Magellan/MagE Resolved moderate resolution optical spectroscopy  Beletsky, Faherty
Magellan/MIKE Resolved high resolution optical spectroscopy Beletsky
IRTF/CSHELL Resolved high resolution NIR spectroscopy Plavchan, Burgasser
IRTF/SpeX Resolved low resolution NIR spectral monitoring Burgasser

ATCA Resolved radio monitoring Osten, Melis, Radigan
Las Cumbres Network  Resolved optical monitoring Street
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Fig. 2. The 1.25um K1 doublet in FIRE data for Luhman 16A (solid black lines) and B (dashed [red]
lines). (Left): Normalizing at the local continuum, it appears that Luhman 16B has deeper, broader lines,
suggesting differences in abundances or v sin i. (Middle): However, when scaled to absolute fluxes, it is clear
that it is the continuum, not the lines, that varies between these sources. (Right): We can equate the absolute
fluxes to brightness temperatures assuming radii R = 1 Ry,,. The ~70K offset in the continuum between
Luhman 16A and B (note inverse scale) can be attributed to reduced condensate opacity in the latter.

tected upticks in K1 equivalent widths across
the L/T transition (Burgasser et al.2002a)]
However, when the spectra are normalized to
their absolute magnitudes, we find that the
lines are simply nested, with Luhman 16B
having a brighter continuum. By associating
spectral fluxes with brightness temperatures
(Tvr), we infer a ~70 K difference in the photo-
spheric temperature of these two dwarfs in the
1.25 ym continuum, with Luhman 16B being
the hotter source. Importantly, this Ty, offset
is not present in regions where molecular gas
opacity dominates the continuum (e.g., around

the 1.175 um K1 doublet). As the continuum
around 1.25um in L dwarfs is dominated
by condensate grain scattering opacity (e.g.,
Ackerman & Marley 2001);] we attribute the
Ty, offset here to reduced condensate opacity
in Luhman 16B.

2.2. Spectral monitoring with SpeX
Luhman 16AB was spectroscopically moni-

tored with SpeX (Rayner-et-al—2003)-on the
3m NASA Infrared Tetescope Tacility (IRTF)
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on 26 April 2013 (UT), using that instrument’s
low-resolution (1/AA = 120) prism-dispersed
mode. The system was observed for 45 min
with the slit aligned along the binary axis
for simultaneous spectroscopy. As seeing was
comparable to the binary separation, the data
were forward-modeled using a 10-parameter
profile model, then calibrated using standard
techniques.

These new observations confirm the “flip”
reported in |Burgasser et al.| (2013)), apparent
even in the raw data. Slit losses and differen-
tial color refraction limit our analysis to rel-
ative spectral fluxes between the components
(B/A). Figure[3shows that these relative fluxes
decline over the observing period, coincident
with the TRAPPIST lightcurve; this is consis-
tent with a dimming of Luhman 16B. The de-
cline notably occurs for regions sampling both
low and high gas opacity. Similar achromatic
flux variations have been reported in other vari-
able L/T dwarfs (Apai et al.|2013)), suggesting
a common origin.

2.3. High-resolution spectroscopy with
CSHELL

For Luhman 16AB, high-resolution spec-
troscopy can constrain association member-
ship (see above), orbital motion and individual
component masses, and the orientation of
the rotation axis on the sky. As a first step
toward these measurements, we used CSHELL
(Greene et al.ll1993) on IRTF on 25 April 2013
(UT) to obtain high-resolution(1/AA = 43,000)
NIR spectroscopy over a ~60 A window cen-
tered at 2.3124 um. We deployed the '*CH,4
isotopologue gas cell to better determine
our wavelength calibration (Anglada-Escudé
et all 2012). The binary was aligned with
the 0’5 slit, and a sequence of nine 900s
exposures was obtained for both components
simultaneously. A preliminary reduction of the
combined light spectrum is shown in Figure @]
With an average S/N ~ 10, we are able to
identify several features associated with CO

1" An illustration of how color refraction creates
coordinated variability can be seen athttp://www.
youtube.com/watch?v=DIJx0f1F6uc.
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Fig. 3. Variations in relative flux (B/A) in several
spectral regions sampling continuum and absorption
band regions. The uniform declines are consistent
with TRAPPIST combined-light data.

absorption in the target spectra. These data
can be reproduced with a 1500 K model with
Viad = 20kms~! (consistent with Kniazev et al.
2013) and vsini ~ 25kms™!, consistent with
the variability period and a nearly equatorial
orientation.

3. Next steps

In addition to NIR spectroscopy, we obtained
resolved optical spectroscopy (moderate and
high resolution), resolved optical and NIR pho-
tometric monitoring, and a deep radio mea-
surement.

Because these observations occurred
within a single campaign, we will be able
to examine correlations between the mea-
surements (e.g., SEDs at low and high
brightnesses, spectral phase variations). Our
detailed focus on Luhman 16AB will hopefully
clarify some of the remarkable aspects of the
L/T transition.
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Fig. 4. Preliminary analysis of IRTF/CSHELL data, comparing the observed combined-light spectrum
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