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Fig. 1. Left: old and new observations adjusted. The dotted line represents the solution based upon Luhman (2013) and Mamajek (2013). The black
continuous line represents the motion of the barycentre from our solution. The inset zooms onto the region covered by the FORS2 observations.
The red (resp. blue) line represents the motion of the L (resp. T) dwarf. Middle: relative positions obtained with FORS2 during our two-month
monitoring campaign and the best parabolic fits. Right: residuals of the FORS2 data based on the parabolic fit.

Table 1. Astrometric results based on the old and new absolute positions
and those obtained by Luhman (2013).

Parameter This work Luhman
(2013)

$ (mas) 495 ± 4.6 496 ± 37
µ↵⇤ (mas yr�1) �2 763 ± 2.7 �2759 ± 6
µ� (mas yr�1) 363 ± 4.1 354 ± 6

around 20 years). For all of them, we derived twelve positions
for the same dates as the actual observations and added a prob-
able noise. At the 3�-level, no quadratic fit was distinguishable
from the genuine orbital one.

3.3. Results

The results of the least-squares fit of the absolute positions (i.e.
model from Sect. 3.1) from Luhman (2013), Mamajek (2013)
and FORS2 are given in Table 1 and are plotted in Fig. 1a. The
contribution of the primary to the �2 is 20% higher than that
of the secondary, thus suggesting that a companion might be
present around the former and cause it to oscillate.

The parabolic least-squares fit of the relative positions is
more di�cult to assess. Both �↵⇤ and �� were fitted with dis-
tinct parabolae (Fig. 1b). The higher �2 was then used to de-
rive the probability of rejecting the parabola (i.e. a two-body
model) by accident even though it holds. Whereas for a single
parabola this probability is tabulated and directly available, we
relied upon extensive Monte-Carlo simulations to quantify the
e↵ect of taking the higher of the two �2 instead of just one. The
probability of rejecting the parabola by accident is 12.95%. This
sole value is too high to draw any definitive conclusion.

On the other hand, the residuals of the parabolic fit are highly
correlated (Pearson’s r = 0.95; Fig. 1c). In our Monte-Carlo
simulation of genuine binaries, such a high correlation between
the residuals is obtained for only 0.002% of the systems. There is
therefore a strong indication to reject the basic two-body model.

4. Photometry of the components

Using our FORS2 observations, we also estimated the mag-
nitudes of the two components of Luhman 16AB in the V ,
R, I, and z bands (Table 2). Point-spread-function photometry
was performed with DAOPHOT, using the FORS2 standards E5
and LTT4816. They clearly confirm the flux reversal mentioned

Table 2. Apparent magnitudes of the components of Luhman 16AB.

Filters Luh 16A Luh 16B Errors
V 23.25 24.07 0.10
R 18.85 19.45 0.08
I 15.29 15.57 0.06
z 13.83 13.76 0.02

Notes. Add 3.47 mag to convert these to absolute magnitudes.

by Burgasser et al. (2013a) because the T dwarf becomes the
brightest of the two in the z-band.

A comparison between our photometry and the most recent
models from the Lyon group (BT-Settl; Allard et al. 2011) is
shown in Fig. 3, where we used the e↵ective temperatures as
derived by Kniazev et al. (2013). To convert the results to abso-
lute magnitudes we used the distance of 2.02 ± 0.02 pc estab-
lished in this work, while the error bars reflect uncertainties in
e↵ective temperatures, distance modulus, and photometry. The
model isochrones are plotted for 0.1, 1.0, and 5 Gyr1. Owing to
their intrinsic faintness in the optical, late-L and T dwarfs have
mostly been studied in the near-infrared. Consequently, there are
very few works available for a comprehensive comparison of
the optical photometry with models, and with our photometry
as well. Dahn et al. (2002) published optical VRI photometry
and colours for 28 ultracool dwarfs with distances known from
parallax measurements. Their sample contains 17 L dwarfs and
three T dwarfs, but only five of them have spectral type L8 or
later. The resulting absolute I-band magnitude, MI , from their
work is ⇠19 for L8, and ⇠19.5 for T2, while in the R band
it is ⇠21.7, in agreement with our results for Luhman 16AB.
Dobbie et al. (2002) also found MI ⇠ 19 for the spectral type L8.
The age of Luhman 16AB has been constrained to be less than
about 4.5 Gyr based on the presence of the lithium line, while
from the absence of low surface gravity indicators in the spectra,
it is clear that the system is not young (Burgasser et al. 2013a,b).
We therefore expect the 1.5 Gyr isochrones to be the most suit-
able for comparison. The model isochrones seem to overestimate
the flux at the L/T transition in RIz, and somewhat underestimate
it in the V band.

1 Isochrones in Johnson VRI available at http://phoenix.
ens-lyon.fr/Grids/BT-Settl/. For the nonstandard filter z, we
convolved the model spectra with the filter transmission curve, and con-
verted this to magnitudes by assuming zVega = 0.
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Fig. 1. Left: old and new observations adjusted. The dotted line represents the solution based upon Luhman (2013) and Mamajek (2013). The black
continuous line represents the motion of the barycentre from our solution. The inset zooms onto the region covered by the FORS2 observations.
The red (resp. blue) line represents the motion of the L (resp. T) dwarf. Middle: relative positions obtained with FORS2 during our two-month
monitoring campaign and the best parabolic fits. Right: residuals of the FORS2 data based on the parabolic fit.

Table 1. Astrometric results based on the old and new absolute positions
and those obtained by Luhman (2013).

Parameter This work Luhman
(2013)

$ (mas) 495 ± 4.6 496 ± 37
µ↵⇤ (mas yr�1) �2 763 ± 2.7 �2759 ± 6
µ� (mas yr�1) 363 ± 4.1 354 ± 6

around 20 years). For all of them, we derived twelve positions
for the same dates as the actual observations and added a prob-
able noise. At the 3�-level, no quadratic fit was distinguishable
from the genuine orbital one.

3.3. Results

The results of the least-squares fit of the absolute positions (i.e.
model from Sect. 3.1) from Luhman (2013), Mamajek (2013)
and FORS2 are given in Table 1 and are plotted in Fig. 1a. The
contribution of the primary to the �2 is 20% higher than that
of the secondary, thus suggesting that a companion might be
present around the former and cause it to oscillate.

The parabolic least-squares fit of the relative positions is
more di�cult to assess. Both �↵⇤ and �� were fitted with dis-
tinct parabolae (Fig. 1b). The higher �2 was then used to de-
rive the probability of rejecting the parabola (i.e. a two-body
model) by accident even though it holds. Whereas for a single
parabola this probability is tabulated and directly available, we
relied upon extensive Monte-Carlo simulations to quantify the
e↵ect of taking the higher of the two �2 instead of just one. The
probability of rejecting the parabola by accident is 12.95%. This
sole value is too high to draw any definitive conclusion.

On the other hand, the residuals of the parabolic fit are highly
correlated (Pearson’s r = 0.95; Fig. 1c). In our Monte-Carlo
simulation of genuine binaries, such a high correlation between
the residuals is obtained for only 0.002% of the systems. There is
therefore a strong indication to reject the basic two-body model.

4. Photometry of the components

Using our FORS2 observations, we also estimated the mag-
nitudes of the two components of Luhman 16AB in the V ,
R, I, and z bands (Table 2). Point-spread-function photometry
was performed with DAOPHOT, using the FORS2 standards E5
and LTT4816. They clearly confirm the flux reversal mentioned

Table 2. Apparent magnitudes of the components of Luhman 16AB.

Filters Luh 16A Luh 16B Errors
V 23.25 24.07 0.10
R 18.85 19.45 0.08
I 15.29 15.57 0.06
z 13.83 13.76 0.02

Notes. Add 3.47 mag to convert these to absolute magnitudes.

by Burgasser et al. (2013a) because the T dwarf becomes the
brightest of the two in the z-band.

A comparison between our photometry and the most recent
models from the Lyon group (BT-Settl; Allard et al. 2011) is
shown in Fig. 3, where we used the e↵ective temperatures as
derived by Kniazev et al. (2013). To convert the results to abso-
lute magnitudes we used the distance of 2.02 ± 0.02 pc estab-
lished in this work, while the error bars reflect uncertainties in
e↵ective temperatures, distance modulus, and photometry. The
model isochrones are plotted for 0.1, 1.0, and 5 Gyr1. Owing to
their intrinsic faintness in the optical, late-L and T dwarfs have
mostly been studied in the near-infrared. Consequently, there are
very few works available for a comprehensive comparison of
the optical photometry with models, and with our photometry
as well. Dahn et al. (2002) published optical VRI photometry
and colours for 28 ultracool dwarfs with distances known from
parallax measurements. Their sample contains 17 L dwarfs and
three T dwarfs, but only five of them have spectral type L8 or
later. The resulting absolute I-band magnitude, MI , from their
work is ⇠19 for L8, and ⇠19.5 for T2, while in the R band
it is ⇠21.7, in agreement with our results for Luhman 16AB.
Dobbie et al. (2002) also found MI ⇠ 19 for the spectral type L8.
The age of Luhman 16AB has been constrained to be less than
about 4.5 Gyr based on the presence of the lithium line, while
from the absence of low surface gravity indicators in the spectra,
it is clear that the system is not young (Burgasser et al. 2013a,b).
We therefore expect the 1.5 Gyr isochrones to be the most suit-
able for comparison. The model isochrones seem to overestimate
the flux at the L/T transition in RIz, and somewhat underestimate
it in the V band.

1 Isochrones in Johnson VRI available at http://phoenix.
ens-lyon.fr/Grids/BT-Settl/. For the nonstandard filter z, we
convolved the model spectra with the filter transmission curve, and con-
verted this to magnitudes by assuming zVega = 0.
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Dynamical masses for the nearest brown
dwarf binary: ε Indi Ba,b

C. V. Cardoso1, M. J. McCaughrean2,1, R. R. King1, L. M. Close3,
R.-D. Scholz4, R. Lenzen5, W. Brandner5, N. Lodieu6, H. Zinnecker4,

R. Koehler7 and Q. M. Konopacky8

1University of Exeter, 2ESA, 3Steward Observatory, 4Astrophysikalisches Institut Potsdam,
5Max-Planck-Institut fűr Astronomie, 6 Instituto de Astrof́ısica de Canarias, 7Landessternwarte

Zentrum fűr Astronomie Heidelberg, 8UCLA,
Binary brown dwarfs are important because their dynamical masses can be determined in a

model-independent way. If a main sequence star is also involved, the age and metallicity for the
system can be determined, making it possible to break the sub-stellar mass-age degeneracy. The
most suitable benchmark system for intermediate age T dwarfs is ε Indi Ba,b, two T dwarfs
(spectral types T1 and T6; McCaughrean et al. (2004)) orbiting a K4.5V star, ε Indi A, at a
projected separation of 1460AU. At a distance of 3.6224pc (HIPPARCOS distance to ε Indi A;
van Leeuwen (2007)), these are the closest brown dwarfs to the Earth, and thus both compo-
nents are bright and the system is well-resolved. The system has been monitored astrometrically
with NACO and FORS2 on the VLT since June 2004 and August 2005, respectively, in order to
determine the system and individual masses independent of evolutionary models. We have ob-
tained a preliminary system mass of 121±1MJ u p . We have also analysed optical/near-IR spectra
(0.6−5.0µm at a resolution up to R∼5000; King et al. (2009)) allowing us to determine bolo-
metric luminosities, compare and calibrate evolutionary and atmospheric models of T dwarfs at
an age of 4-8Gyr.

Acknowledgements: This work is funded by the EC FP6 Marie Curie RTN CONSTELLATION:
MRTN-CT-2006-035890.

Figure 1. Left: Relative motion (NACO). Right: Absolute motion (FORS2).
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Fig. 1. Left: old and new observations adjusted. The dotted line represents the solution based upon Luhman (2013) and Mamajek (2013). The black
continuous line represents the motion of the barycentre from our solution. The inset zooms onto the region covered by the FORS2 observations.
The red (resp. blue) line represents the motion of the L (resp. T) dwarf. Middle: relative positions obtained with FORS2 during our two-month
monitoring campaign and the best parabolic fits. Right: residuals of the FORS2 data based on the parabolic fit.

Table 1. Astrometric results based on the old and new absolute positions
and those obtained by Luhman (2013).

Parameter This work Luhman
(2013)

$ (mas) 495 ± 4.6 496 ± 37
µ↵⇤ (mas yr�1) �2 763 ± 2.7 �2759 ± 6
µ� (mas yr�1) 363 ± 4.1 354 ± 6

around 20 years). For all of them, we derived twelve positions
for the same dates as the actual observations and added a prob-
able noise. At the 3�-level, no quadratic fit was distinguishable
from the genuine orbital one.

3.3. Results

The results of the least-squares fit of the absolute positions (i.e.
model from Sect. 3.1) from Luhman (2013), Mamajek (2013)
and FORS2 are given in Table 1 and are plotted in Fig. 1a. The
contribution of the primary to the �2 is 20% higher than that
of the secondary, thus suggesting that a companion might be
present around the former and cause it to oscillate.

The parabolic least-squares fit of the relative positions is
more di�cult to assess. Both �↵⇤ and �� were fitted with dis-
tinct parabolae (Fig. 1b). The higher �2 was then used to de-
rive the probability of rejecting the parabola (i.e. a two-body
model) by accident even though it holds. Whereas for a single
parabola this probability is tabulated and directly available, we
relied upon extensive Monte-Carlo simulations to quantify the
e↵ect of taking the higher of the two �2 instead of just one. The
probability of rejecting the parabola by accident is 12.95%. This
sole value is too high to draw any definitive conclusion.

On the other hand, the residuals of the parabolic fit are highly
correlated (Pearson’s r = 0.95; Fig. 1c). In our Monte-Carlo
simulation of genuine binaries, such a high correlation between
the residuals is obtained for only 0.002% of the systems. There is
therefore a strong indication to reject the basic two-body model.

4. Photometry of the components

Using our FORS2 observations, we also estimated the mag-
nitudes of the two components of Luhman 16AB in the V ,
R, I, and z bands (Table 2). Point-spread-function photometry
was performed with DAOPHOT, using the FORS2 standards E5
and LTT4816. They clearly confirm the flux reversal mentioned

Table 2. Apparent magnitudes of the components of Luhman 16AB.

Filters Luh 16A Luh 16B Errors
V 23.25 24.07 0.10
R 18.85 19.45 0.08
I 15.29 15.57 0.06
z 13.83 13.76 0.02

Notes. Add 3.47 mag to convert these to absolute magnitudes.

by Burgasser et al. (2013a) because the T dwarf becomes the
brightest of the two in the z-band.

A comparison between our photometry and the most recent
models from the Lyon group (BT-Settl; Allard et al. 2011) is
shown in Fig. 3, where we used the e↵ective temperatures as
derived by Kniazev et al. (2013). To convert the results to abso-
lute magnitudes we used the distance of 2.02 ± 0.02 pc estab-
lished in this work, while the error bars reflect uncertainties in
e↵ective temperatures, distance modulus, and photometry. The
model isochrones are plotted for 0.1, 1.0, and 5 Gyr1. Owing to
their intrinsic faintness in the optical, late-L and T dwarfs have
mostly been studied in the near-infrared. Consequently, there are
very few works available for a comprehensive comparison of
the optical photometry with models, and with our photometry
as well. Dahn et al. (2002) published optical VRI photometry
and colours for 28 ultracool dwarfs with distances known from
parallax measurements. Their sample contains 17 L dwarfs and
three T dwarfs, but only five of them have spectral type L8 or
later. The resulting absolute I-band magnitude, MI , from their
work is ⇠19 for L8, and ⇠19.5 for T2, while in the R band
it is ⇠21.7, in agreement with our results for Luhman 16AB.
Dobbie et al. (2002) also found MI ⇠ 19 for the spectral type L8.
The age of Luhman 16AB has been constrained to be less than
about 4.5 Gyr based on the presence of the lithium line, while
from the absence of low surface gravity indicators in the spectra,
it is clear that the system is not young (Burgasser et al. 2013a,b).
We therefore expect the 1.5 Gyr isochrones to be the most suit-
able for comparison. The model isochrones seem to overestimate
the flux at the L/T transition in RIz, and somewhat underestimate
it in the V band.

1 Isochrones in Johnson VRI available at http://phoenix.
ens-lyon.fr/Grids/BT-Settl/. For the nonstandard filter z, we
convolved the model spectra with the filter transmission curve, and con-
verted this to magnitudes by assuming zVega = 0.
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Fig. 4.— Top: relative magnitude limits (5 σ) as a function of angular separation in the AO H-band images and IRAC 4.5 µm images
of WISE 1049−5319 A and B. Bottom: mass limits as a function of physical separation based on the measured magnitude limits in the top
diagram and the fluxes predicted by Saumon et al. (2012, > 2 MJup, 1 and 10 Gyr) and Burrows et al. (2003, 1–2 MJup, 1 Gyr). These
images were capable of detecting companions to WISE 1049−5319 A and B down to planetary masses, but no such objects were found.
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Summary(

•  LuhmanY16AB(is(the(3rd(closest(system(to(Sun(and(is(
composed(of(L/T(binary(BD(

•  It(could(be(a(real(Roseya(stone(for(the(field(
•  An(astrometric(programme(was(started(on(FORS2(
•  SeparaZon(will(go(down(to(0.2”(!(need(for(AO(
•  There(is(no(detected(companion(to(the(2(BDs(
•  It(should(be(possible(to(derive(the(masses(of(the(two(
objects…(by(the(Zme(I(reZre!(
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Thank(You!(



But…(remember(
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