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IS MASS A GOOD DEMOGRAPHIC  INDICATOR ? 

L30 G. Chauvin et al.: A giant planet candidate near a young brown dwarf

2MASSWJ1207334−393254

778 mas
55 AU at 70 pc 
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Fig. 1. Composite image of brown dwarf 2M1207 and its GPCC in H
(blue), Ks (green) and L′ (red). The companion appears clearly distin-
guishable in comparison to the color of the brown dwarf 2M1207.

Table 1. Night Log of the observations. S27 and L27 correspond re-
spectively to a platescale of 27.03 and 27.12 mas. DIT and NDIT cor-
respond respectively to an individual integration time and the number
of integrations. Sr and FWHM correspond to the strehl ratio and the
full width at half maximum intensity.

Filt. Obj. DIT NDIT Seeing Airm. Sr FWHM
(s) (′′) (%) (mas)

Imaging
J S27 30 8 0.59 1.07 6 122
H S27 30 16 0.46 1.10 15 91
Ks S27 30 16 0.52 1.08 23 89
L′ L27 0.175 1300 0.43 1.14 30 107

Spectroscopy
SH S54 300 6 0.45 1.15

close vicinity a faint and red object at 778 mas and a position
angle of 125.8◦ in H, K and L′. The faint object was not de-
tected down to 3σ of 18.5 in J-band. In Figs. 1 and 2, we dis-
play an H, Ks and L′ composite image and the detection limits
obtained in each band during our observations. After cosmetic
reductions using eclipse (Devillar 1997), we used the myopic
deconvolution algorithm MISTRAL (Conan et al. 2000) to ob-
tain H, K and L′ photometry and astrometry of the GPCC. The
results are reported in Table 2. The transformations between the
filters Ks and K were found to be smaller than the measuring
errors.

On 19 June 2004, 2M1207 and its GPCC were simultane-
ously observed using the NACO spectroscopic mode. The low
resolution (Rλ = 700) grism was used with the 86 mas slit, the
S54 camera (54 mas/pixel) and the SH filter (1.37−1.84 µm).
The spectra of 2M1207 and its GPCC were extracted and cali-
brated in wavelength with IRAF/DOSLIT. To calibrate the rel-
ative throughput of the atmosphere and the instrument, we di-
vided the extracted spectra by the spectra of a standard star
(HIP 062522, B9III) and then multiplied by a blackbody to re-
store the shape of the continuum.

Fig. 2. Detection limits at 3σ achieved during our observations in
J-band (dotted black line), H-band (dashed blue line), Ks-band
(dashed-dotted green line) and L′-band (solid red line). The contrasts
between 2M1207 and its GPCC are reported for H (filled triangle),
Ks (filled box) and L′ (filled circle) (the GPCC was not detected in
J band).

3. Discussion

3.1. Membership in the TW Hydrae association

Gizis (2002) undertook a 2MASS-based search for isolated low
mass brown dwarfs in the area covered by stellar members
of TWA and found two late M-type objects which he identi-
fied as brown dwarfs. The one of interest in the present paper,
2M1207, showed impressively strong Hα emission in addition
to signs of low surface gravity, which both are characteristic
of very young objects. Gizis (2002) noted also that the proper
motion of 2M1207 is consistent with membership in the TWA.

Subsequently, Mohanty et al. (2003) obtained echelle spec-
tra of 2M1207. The radial velocity is also consistent with
TWA membership. They detected a narrow Na I (8200 Å) ab-
sorption line indicating low surface gravity. Finally, the spec-
trum displays various He I and H I emission lines (Mohanty
et al. 2003; Gizis 2002) and the Hα line is asymmetric and
broad. Taken together, these characteristics led Mohanty et al.
(2003) to suggest the occurrence of ongoing accretion onto
(a young) brown dwarf. Although L′-band observations of
Jayawardhana et al. (2003) did not reveal significant IR excess
at 3.8 µm, recent mid-IR observations of Sterzik et al. (2004,
accepted) found excess emission at 8.7 µm and 10.4 µm and
confirm disk accretion as the likely cause of the strong activ-
ity. New Chandra observations of Gizis & Bharat (2004) cor-
roborates this disk-accretion scenario as they suggest that less
than 20% of the Hα emission can be due to chromospheric ac-
tivity. All in all, multiple lines of evidence point toward mem-
bership of 2M1207 in the TWA.

3.2. Age and distance of the system

The age of the TWA can be established by comparison with
the somewhat older β Pictoris moving group’s space motions
(UVW; Zuckerman et al. 2001) and HR diagrams. Ortega et al.
(2002) and Song et al. (2003) have traced members back to
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“first image of a planetary mass companion in a different 

system than our own” (Chauvin et al., A&A, 2005)

M1 ~ 25 MJup     M2 ~ 5 MJup             mass ratio q ≃ 0.2

lar planets.

8.3. Results from Astrometry
8.3.1. Combination with radial velocities

For a planet detected with radial velocities (RV), five out
of seven orbital parameters are constrained. The two re-
maining parameters, the inclination i and ⌦, can be deter-
mined by measuring the astrometric orbit. The knowledge
of the RV parameters (or the high weight of RV measure-
ments) leads to a significant reduction of the required S/N
for a robust astrometric detection. Second, even an astro-
metric non-detection carries valuable information, e.g., an
upper limit to the companion mass. Therefore, this type of
combined analysis is so far the most successful application
of astrometry in the exoplanet domain. Hipparcos astrom-
etry yielded mass upper limits of RV planets (Perryman
et al., 1996; Torres, 2007; Reffert and Quirrenbach, 2011)
and revealed that, in rare cases, brown dwarf (Sahlmann
et al., 2011a) or stellar companions (Zucker and Mazeh,
2001) are mistaken for RV planets because their orbital
planes are seen with small inclinations. Similarly, the Hub-
ble fine guidance sensor was used to determine the orbits
and masses of brown dwarf companions to Sun-like stars
initially detected with RV (Martioli et al., 2010; Benedict
et al., 2010) and ground-based imaging astrometry yielded
a mass upper limit of ⇠ 3.6MJ to the planet around GJ317
(Anglada-Escudé et al., 2012). Sahlmann et al. (2011b)
(Fig. 14) used Hipparcos data to eliminate low-inclination
binary systems mimicking brown dwarf companions de-
tected in a large RV survey, revealing a mass range where
giant planets and close brown dwarf companions around
Sun-like stars are extremely rare.
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Fig. 14.— The minimum mass distribution of substellar
companions within 10 AU of Sun-like stars from the Coralie
RV survey after constraining the orbital inclinations with
Hipparcos astrometry.

8.3.2. Independent discoveries

Working towards the goal of exoplanet detection, optical
imaging surveys have succeeded in measuring the orbits of
low-mass binaries and substellar companions to M dwarfs
(Pravdo et al., 2005; Dahn et al., 2008), relying on astro-
metric measurements only. Interferometric observations re-

vealed the signature of a Jupiter-mass planet around a star
in an unresolved binary (Muterspaugh et al., 2010), which,
if confirmed independently, represents the first planet dis-
covered by astrometry. Recent improvements of imaging
astrometry techniques towards 0.1 mas precision made the
discovery of a 28 MJ companion to an early L dwarf pos-
sible (Fig. 15) and demonstrated that such performance can
be realised with a single-dish telescope from the ground.

Fig. 15.— The barycentric orbit of the L1.5 dwarf DENIS-
P J082303.1-491201 caused by a 28 Jupiter mass compan-
ion in a 246 day orbit discovered through ground-based
astrometry with an optical camera on an 8 m telescope
(Sahlmann et al., 2013a).

8.4. The Future
Without a doubt, our expectations are high for the Gaia

mission which was launched on 19 December 2013. Gaia is
a cornerstone mission of the European Space Agency that
will implement an all-sky survey of an estimated billion
stellar objects with visible magnitudes of 6–20 (Perryman
et al., 2001; de Bruijne, 2012). On average, the astrometry
of a star will be measured 70 times over the mission life-
time of five years with a single measurement precision of
⇠0.02-0.05 mas for stars brighter than ⇠14th magnitude.
Another look at Fig. 13 shows that hundreds of known ex-
oplanet systems will be detectable and it is expected that
Gaia will discover thousands of new exoplanets (Casertano
et al., 2008), yielding a complete census of giant exoplan-
ets in intermediate-period orbits around nearby stars. The
sight of astrometric orbits caused by planets around stars
will then become just as common as radial velocity curves
and dips in light-curves are today. Assuming that it will
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Astrometry gives a good handle on companion masses
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Planet masses and radii are difficult to measure (in non-

transiting systems)
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HIGH-MASS TAIL OF PLANET MASSES OVERLAPS
WITH SUBSTELLAR COMPANIONS IN BINARY SYSTEMS
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CORALIE radial velocity survey of 1647 GK dwarfs:

➔ 20 companions with M2 sin i = 13 - 80 MJup

➔ 10 discarded as M-dwarfs by Hipparcos 

astrometry (Sahlmann et al., 2011, A&A, 525)

a) 0.6 ± 0.2 % of Sun-like stars have a brown dwarf 

companion within 10 AU

b) no indication for discontinuity at 13 MJup

c) mass distribution indicates minimum occurrence 

at ~25-45 MJup (see also Grether & Lineweaver 2006)

J. Sahlmann et al.: Search for brown-dwarf companions of stars
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Fig. 20. Visualisation of the high-significance orbits. Top panels: Astrometric stellar orbits projected on the sky. North is up and
East is left. The solid red line shows the orbital solution and open circles mark the individual Hipparcos measurements. Dashed
lines with orientation along the scan angle � and length given by the O-C residual of the orbital solution connect the measurements
with the predicted location from our model. The blue solid circles show the normal points for each satellite orbit number. The curl
at the lower left corner indicates the orientation of orbital motion. Bottom panels: O-C residuals for the normal points of the orbital
solution (filled blue circles) and of the standard 5-parameter model without companion (black crosses). The error bars of the normal
points correspond to the dispersion of Hipparcos measurements if there are several per satellite orbit and to the individual Hipparcos
abscissa error if there is only one measurement.
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M2 = 0.52 ± 0.05 M⊙
J. Sahlmann et al.: Search for brown-dwarf companions of stars

−0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

−2000

 0

 2000

 4000

HD3277 CORALIE

φ

R
V 

[m
/s

]

 .  .

 . .

−0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

−1000

−500

 0

 500

 1000

 1500

 2000
HD17289 CORALIE

φ

R
V 

[m
/s

]

 .  .

 . .

−0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

−1000

−500

 0

 500

 1000

 1500

 2000

HD30501 CORALIE

φ

R
V 

[m
/s

]

 .  .

 . .

−0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

−800

−600

−400

−200

 0

 200

HD43848 CORALIE+MIKE

φ

R
V 

[m
/s

]

 .  .

 . .

−0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
−8000

−6000

−4000

−2000

 0

 2000

HD52756 CORALIE

φ

R
V 

[m
/s

]

 .  .

 . .

−0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

−1500

−1000

−500

 0

 500

HD53680 CORALIE

φ

R
V 

[m
/s

]
 .  .

 . .

−0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
−400

−200

 0

 200

 400

 600

 800

HD74014 CORALIE

φ

R
V 

[m
/s

]

 .  .

 . .

−0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

−2000

−1000

 0

 1000

 2000

 3000

 4000
HD89707 CORALIE

φ

R
V 

[m
/s

]

 .  .

 . .

Fig. 2. Phase-folded radial velocities of 8 stars with potential brown-dwarf companions. Red circles and blue squares indicate
measurements with CORALIE C98 and C07, respectively. For HD 43848, the orange diamonds show the MIKE measurements. The
solid lines correspond to the best-fit solutions. The error bars are smaller than the symbol size.
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M2 sin i = 49 ± 2 MJup
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WHAT IS THE PLANET MASS DISTRIBUTION AROUND 
ULTRACOOL DWARFS ?

➔ Astrometric survey with FORS2 camera at VLT (Sahlmann et al. 2014, Lazorenko et al. 2014)

➔ Monitoring 20 nearby late-M and early-L dwarfs since 2010 

➔ Long-term astrometic precision ~0.1 milli-arcsec (Lazorenko et al. 2009 & 2011)

➔ sensitive down to Neptune-mass planets in ~1000 day orbits 

J. Sahlmann et al.: Astrometric planet search around southern ultracool dwarfs
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Fig. 6. Astrometric motions of targets number 11–20 in the sky. Display equivalent to Fig. 5.
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GIANT PLANETS ARE RARE AROUND ULTRACOOL DWARFS 
(AT ALL SEPARATIONS)

Less than 9 % of M8-L2 dwarfs have a giant planet >5MJup 
within 0.1-0.8 AU (Sahlmann et al. 2014)

Ongoing follow-up of planet candidates
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DETECTION OF  THE ORBIT CAUSED BY A LOW-
MASS COMPANION

L1.5 dwarf

P = 247.8 ± 0.6 days
e = 0.36 ± 0.04
α = 4.62 ± 0.12 mas
Parallax = 48.33 ± 0.14 mas

16 epochs
residual RMS 170 µas

Derived properties depend 
on age estimate

Sahlmann et al., 2013,  A&A 556
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A JUVENILE BINARY BROWN DWARF AT 20.7 PC

spectral binary in the near-infrared
➔ spectral types L1.5 + L5.5 
     Teff = 2150 ± 100 K and 1670 ± 140 K

J. Sahlmann et al.: DE0823�49 is a juvenile binary brown dwarf at 20.7 pc
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Fig. 5. Spectrum fitting with young templates. Top: SpeX spectrum of
DE0823�49 (black) and the best-fit single template LSR J0602+3910
(blue). Bottom: Comparison to the best-fit binary template (brown line),
a combination of DE1705�05 (red line) and 2M2002�05 (blue line).
At the top of each panel, the spectral ranges considered for the fit are
indicated by gray horizontal bars, where telluric water absorption dom-
inates the gaps. The insets show close-ups of the H-band region. The
residual spectra are shown in grey.

K-band, and this binary template provides a significantly better
match than the spectrum of LSR J0602+3910. The single tem-
plate model is rejected with a confidence of 98.6 % on the basis
of the F-test.

To obtain the parameters of DE0823�49 and their confi-
dence intervals, we combine all template fits and assign them
relative weights according to their �2 values. This yields com-
ponent spectral types of L1.7±0.7 and L6.0±1.0 for the pri-
mary and secondary components, respectively, where these are
weighted average values with uncertainties as derived in Bur-
gasser et al. (2010). Using the relations of Looper et al. (2008),
the corresponding e↵ective temperatures are 2120 ± 90 K and
1630 ± 100 K. Furthermore, we measure the 2MASS J mag-
nitudes for both components of the binary templates and use
the Schmidt et al. (2010) relation between spectral type and

SDSS i – 2MASS J colour to obtain estimates for the SDSS i
magnitude di↵erence between primary and secondary. We found
that this is indistinguishable from integrating the Bessel I or
the SDSS i bandpasses from the template spectra directly. The
uncertainties are dominated by scatter in the viable sources.
Therefore, we assume that the resulting magnitude di↵erence of
�iSDSS = �I = 2.5 ± 0.6 is valid for the passband of our FORS2
observations.

We also performed the spectral binary fitting with templates
not restricted in age. This analysis uses 112 518 binary templates
constructed from 685 M9–L5 primaries and L4–T6 secondaries
in the SPL. The top panel of Fig. A.1 shows the best match in this
case, which is the L1.5 2MASS J20575409-0252302 (hereafter
2M2057�02; Cruz et al. 2003; Burgasser et al. 2004). The bot-
tom panel shows the best-fit binary template, a combination of
the L1.5 2MASSW J1411175+393636 (Kirkpatrick et al. 2000)
and the L2.5 pec 2MASS J00145575-4844171 (Kirkpatrick et al.
2008), where the latter’s near-infrared appearance classifies it
closer to a spectral type of L4. This provides a significantly bet-
ter match than the spectrum of 2M2057�02, the single template
model is rejected with a confidence of 99.9 % on the basis of the
F-test. The spectrum of the blended companion is thus detected
both with all and only young templates. Because we know that
DE0823�49 is relatively young, we adopt the parameters deter-
mined with the young templates.

3.4. Constraints on age and physical parameters

The determination of individual e↵ective temperatures in the
previous section allows us to employ models of (sub-)stellar evo-
lution to set constraints on the system’s age and its properties.
The first comes from the detection of Li i absorption in the spec-
trum, which implies a mass of . 0.065 M� for the primary. Fig-
ure 6 shows how this translates into an upper age limit of ⇠0.5
Gyr when coupled to the primary’s e↵ective temperature and the
DUSTY (Chabrier et al. 2000) evolutionary models.

Fig. 6. Upper age limit from the presence of Li i absorption in the pri-
mary’s spectrum. The curve shows the e↵ective temperature of objects
that have depleted 90 % of their lithium (i.e. lithium abundance = 0.1)
as a function of age after interpolation of the DUSTY models. Hori-
zontal dashed lines indicate the primary’s e↵ective temperature range,
which translates into an upper age limit of ⇠0.5 Gyr.

Additional constraints can be derived from the photocen-
tric orbit, which was measured in the I-band (I_Bessel filter of
FORS2, centred at 760 nm). Because of the moderate magni-
tude di↵erence between the two components of DE0823�49, we
have to take into account the light contribution of the companion
if we want to determine the barycentric orbit size that relates to

Article number, page 5 of 8

Li I absorption detected in optical 
spectrum ➔ age constraint

Combined astrometric and spectroscopic 
constraints + evolutionary models:
Age = 80 - 500 Myr 
M1 ≃ 0.028 − 0.063 M⊙  
M2 ≃ 0.018 − 0.045 M⊙

mass ratio q ≃ 0.64 − 0.74

Sahlmann, Burgasser, et al. 2015,  A&A

J. Sahlmann et al.: DE0823�49 is a juvenile binary brown dwarf at 20.7 pc

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Wavelength (µm)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

N
o

rm
a

liz
e

d
 F

λ

DENIS J0823-4912
2MASSI J2057540-025230 L1.2
χ2 = 6.97

1.50 1.55 1.60 1.65 1.70
Wavelength (µm)

0.65

0.70

0.75

0.80

Fig. 5. Result of spectrum fitting with single templates. The single tem-
plate 2M2057�02 (blue line) is the best fit to the SpeX spectrum of
DE0823�49 (black line) both for the ‘young’ and ‘all’ set of templates.
At the top of the panel, the spectral ranges considered for the fit are
indicated by grey horizontal bars, where telluric water absorption dom-
inates the gaps. The inset shows a close-up of the H-band region. The
residual spectrum is shown in grey.

bination of the L1.5 2MASSW J1411175+393636 (Kirkpatrick
et al. 2000) and the L2.5 pec 2MASS J00145575-4844171 (Kirk-
patrick et al. 2008), where the latter’s near-infrared appearance
classifies it closer to a spectral type of L4. This provides a sig-
nificantly better match than the spectrum of 2M2057�02, par-
ticularly in the shape of the 2.1 µm K-band peak (likely due to
stronger H2 absorption in the secondary), so that the single tem-
plate model is rejected with a confidence of 99.9 % on the basis
of the F test. The influence of the companion on the blended light
spectrum is thus clearly detected.

For the ‘young’ template set, the bottom panel of Fig. 6
shows the best-fit young binary template, a combination of
DENIS-P J170548.4-051645.7 (DE1705�05, Kendall et al.
2004) and 2MASS J20025073-0521524 (2M2002�05, Cruz
et al. 2007). The addition of the L6 fills in the excess flux at
K-band, and this binary template provides a significantly better
match than the spectrum of 2M2057�02. The single template
model is rejected with a confidence of 75 % on the basis of the
F test.

To obtain the parameters of DE0823�49 and their confidence
intervals, we combine all template fits and assign them relative
weights according to their �2 values to compute weighted aver-
age values with uncertainties like in Burgasser et al. (2010). The
results are summarised in Table 2, which also lists the number of
available binary templates and the F-test confidence. E↵ective
temperatures were derived using the relations of Looper et al.
(2008) and include an additional 0.5 spectral subtype uncertainty
for optically classified sources. We measured the 2MASS J mag-
nitudes for both components of the binary templates and used the
Schmidt et al. (2010) relation between spectral type and SDSS i
– 2MASS J colour to obtain estimates for the SDSS i magnitude
di↵erence between primary and secondary. We found that this
is indistinguishable from integrating the Bessel I or the SDSS i
bandpasses from the template spectra directly. The uncertainties
are dominated by scatter in the viable sources, thus �iSDSS ' �I.
For every individual spectral fit, we also computed bolometric
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Fig. 6. Results of spectrum fitting with binary templates (cf. Fig. 5).
Top: When using ‘all’ templates, the SpeX spectrum of DE0823�49
(black line) is best fit by the binary template (brown line) that is a
combination of 2MASSW J1411175+393636 (red line) and 2MASS
J00145575�4844171 (blue line). Bottom: The same when using only
‘young’ templates. The best-fit binary template (brown) is a combina-
tion of DE1705�05 (red) and 2M2002�05 (blue).

corrections (Liu et al. 2010) for the components of the spec-
tral templates and estimated the K-band magnitude di↵erence
�KMKO. We used these to compute the component bolometric
luminosities Lbol based on the system’s combined light absolute
MKO magnitude, obtained from absolute 2MASS Ks and the
MKO–2MASS correction from the spectrum. The uncertainty
in Lbol includes 0.08 mag uncertainty in the K-band bolometric
correction.

In all cases, the spectral types of the primary and secondary
component are consistent with L1.5 and L5, respectively. All
other properties are also derived consistently within their un-
certainties for di↵erent template sets. For the ‘not young’ and
‘all’ sets, the single template model is rejected with a confidence
of 99.9 %, which we interpret as a significant detection of the
companion in the blended light spectrum. For the ‘young’ tem-
plates, the rejection confidence is 75 %, which would be consid-
ered insu�cient evidence of (young) multiplicity based on spec-
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A GIANT PLANET AROUND LUH16 ?

• WISE J104915.57-531906.1 (Luhman 2013)

• 2 pc distance

• ~3 AU binary:   L7.5 + T0.5  (Burgasser et al. 2013, 
Faherty et al. 2014)

• Possible detection of a giant planet in a short-period 
orbit around one component  (Boffin et al. 2014)

• We analysed 22 epochs of public FORS2 data (PI: 
Boffin) taken over 1 year 

• Applied Lazorenko’s techniques to obtain astrometry 
of both components

• Individual fits are poor, data of both components have 
to be modelled jointly
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BARYCENTRE  FIT IS GOOD AND DETERMINES THE 
MASS RATIO

Mass ratio of LUH16 3

Figure 3. Top: The sky-projected barycentre motion of LUH16
measured with FORS2. Individual epoch measurements are
shown with black circles and the model corresponding to the best-
fit mass ratio of q = 0.78 is shown by the curve. The arrow in-
dicates the proper motion per year. Bottom: Epoch residuals in
RA (grey symbols) and Dec (black symbols) of the 7-parameter
fit.

parameters of A and B only di↵er by 180� in the argument
of periastron, the position ↵?

�

,�
�

of the barycentre at any
time is tied to the positions of the individual components:

↵?

�

= 1
1+q

(↵?

A + q ↵?

B)

�
�

= 1
1+q

( �A + q �B) .
(2)

We thus computed the barycentre positions of LUH16 for
a range of mass ratios according to Eq. (2) and fitted them
with the model Eq. (1). The covariance matrices associated
with the measurements of A and B were accounted for ac-
cordingly and a linear least-squares fit (cf. Sahlmann et al.
2014) was used to obtain the model parameters and their
uncertainties for every value of q.

Figure 3 shows the result for the mass ratio produc-
ing the smallest epoch �2. The residual RMS is 0.23 mas,
i.e. much smaller than for the individual fits discussed in
Sect. 3.1. However, it is still larger than the average epoch
precision of 0.11 mas. We attribute this to the decreasing
relative separation of the pair, which in the second season
approaches the median FWHM value of 0.007. As a conse-
quence, the images of A and B overlap more and more, which
introduces errors of a few milli-pixel in our photocentre es-
timation.

To determine the mass ratio of LUH16, we inspected
the epoch �2 metric shown in Fig. 4, which has a parabolic
shape with a well-defined minimum. The �2 is minimum for

Figure 4. Epoch �2 (solid curve) and residual r.m.s. (dashed
curve) in micro-arcsecond (µas) of the barycentre astrometry fit
as a function of mass ratio. The solid vertical line indicates the
minimum �2 value and the dashed lines indicate the 1-� confi-
dence intervals determined by ��2 = 9.3.

Figure 5. Correlations between q and proper motion in RA (left)
and Dec (right). Blue symbols with uncertainties show the results
of the linear fit. Horizontal lines indicate the values and uncer-
tainties given by Luhman (2013) and vertical lines indicate the
adopted q value.

q = 0.78+0.10
�0.09, where we derived the 1-� confidence interval

from the q-values where the curve reaches a ��2 = +9.3039,
appropriate for a fit with 8 free parameters. Table 2 shows
the best-fit parameters at optimal �2 and their systematic
variation with q within its 1-� interval.

In addition to the minimum �2 criterion, we also in-
spected the correlations between the mass ratio value and
the derived proper motions. Because proper motions have
been measured with high relative precision from data span-
ning 33 years (Luhman 2013), we can use them to determine
which q-values are meaningful2. As shown in Fig. 5, there
is good agreement between the q values determined via �2

and the range of values that are compatible with the proper
motions of Luhman (2013).

2 We neglected the di↵erence between absolute and relative
proper motions, because we estimated that it is smaller than 1
mas/yr for our FORS2 measurements.

MNRAS 000, 1–5 (2015)

mass ratio q = MB / MA =  ΔxA / ΔxB 

Reconstructed barycentre motion 
as a function of mass ratio:

ΔxA

ΔxB

➔
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ABSTRACT
We analyse FORS2/VLT I-band imaging data to monitor the motions of both com-
ponents in the most nearby known binary brown dwarf WISE J104915.57-531906.1AB
(LUH16) over one year. The astrometry is dominated by parallax and proper motion,
but with a precision of ⇠0.2 milli-arcsecond per epoch we accurately measure the
relative position change caused by the orbital motion of the pair. This allows us to
directly determine a mass ratio of q = 0.78± 0.10 for this system. We also search for
the signature of a planetary-mass companion around either of the A and B component
and exclude at 3-� the presence of planets with masses larger than 2MJup and orbital
periods of 20–300 d. We update the parallax of LUH16 to 500.51± 0.11 mas, i.e. just
within 2 pc. This study yields the first direct constraint on the mass ratio of LUH16
and shows that the system does not harbour any close-in giant planets.

Key words: astrometry – brown dwarfs – binaries: visual – parallaxes – stars: indi-
vidual: WISE J104915.57-531906.1

1 INTRODUCTION

The binary brown dwarf WISE J104915.57-531906.1
(**LUH16), hereafter LUH16 (Luhman 2013) represents a
unique opportunity to study the properties of substellar ob-
jects because of its proximity of 2 pc to the Sun. The sys-
tem consists of a primary with spectral type L7.5 (compo-
nent A) and a T0.5 secondary (component B) (Burgasser
et al. 2013). Both show strong Li I absorption in their opti-
cal spectra (Faherty et al. 2014), which confirms that they
are the most nearby brown dwarfs yet discovered. The sys-
tem’s orbital period was estimated at 25-30 years (Luhman
2013; Mamajek 2013) and measuring the orbital motion of-
fers the opportunity of constraining the component masses,
hence determining yet unknown fundamental parameters of
the system. LUH16 is also an excellent target to search for
orbiting planets (Gillon et al. 2013; Bo�n et al. 2014), allow-
ing us to investigate planet formation around brown dwarfs.

2 DATA REDUCTION

We analysed FORS2 images of LUH16 taken between April
2013 and May 2014 that were retrieved from the ESO archive

? Based on data obtained from the ESO Science Archive Facility
under programme IDs 291.C-5004 and 593.C-0314.
† E-mail: Johannes.Sahlmann@esa.int
‡ ESA Research Fellow

(Programmes 291.C-5004 and 593.C-0314; PI: Bo�n). The
instrument setup and observation strategy used in these pro-
grammes (I-Bessel filter, several dithered frames per epoch,
target position on CCD chip1, constraints on airmass and
atmospheric conditions) are very similar to those of our exo-
planet search survey (Sahlmann et al. 2014) and we reduced
the data with our methods developed for that purpose (La-
zorenko et al. 2009, 2014). Table 1 summarises the data we
used and lists the epoch number, the mean date of the epoch
exposures, the average airmass and the average FWHMmea-
sured for star images. There are 22 epochs spanning 399 d,
and every epoch consists of 16 to 42 usable individual expo-
sures (Nf) taken over �t = 0.5 h on average, resulting in a
total of 583 exposures. Figure 1 shows an example image.

We used 585 reference stars located within a radius of
2.02 of LUH16 to measure the motion of the binary rela-
tive to the background field. The components A and B were
resolved in the images and we obtained their individual as-
trometry with an average per-epoch precision of 0.15 and
0.17 milli-arcsecond (mas), respectively.

3 MASS RATIO MEASUREMENT

The standard model for FORS2 astrometry has seven free
parameters (�↵?

0,��0, µ↵

? , µ
�

,$, ⇢, and d) and reproduces
the astrometric measurements of a target ↵?

m

1 and �
m

in RA

1 We use the notation ↵? = ↵ cos � throughout the text.

c� 2015 The Authors
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NO GIANT PLANET AROUND LUH16,  YET

MA ≃ 0.060 M⊙ / MB ≃ 0.047 M⊙ 
(3 Gyr)

MA ≃ 0.030 M⊙ / MB ≃ 0.023 M⊙ 
(0.5 Gyr)

companions excluded by data

Sahlmann & Lazorenko, submitted, arxiv:1506.07994
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GAIA’S  EXOPLANET  AND BD  YIELD

5-year all-sky survey,  G < 20 mag 

Gaia will deliver high-precision 
astrometry of 1000 million stars
(+ photometry, spectroscopy)

Nominal mission began July 2014

Gaia will discover thousands of giant extrasolar planets with masses higher than Saturn 
and periods shorter than ~2000 days.

(Casertano et al. 2008, Sozzetti et al., 2014, Perryman at al., 2014, Sahlmann, Triaud & Martin 2015)

For Sun-like stars, Gaia astrometry will detect 30 MJup companions out to distances of 
~0.8 kpc and 60 MJup out to ~1.7 kpc

Gaia will uniformly yield the masses and orbital parameters of hundreds of companions in 
the brown-dwarf mass range.

ESA
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Mass alone is not a good demographic indicator: 
A 35 MJup companion to a Sun-like star may have formed like a planet or like a binary.

Astrometric surveys of ultracool dwarfs are sensitive to giant planets and reveal binaries 
with planetary-mass components. Super-Jupiters are rare at all separations.

The mass ratio of the 2-pc binary brown dwarf LUH16 is 0.78 +/- 0.10.
There is no indication for a giant planet in a short-period orbit around either component.

Gaia’s survey will provide a comprehensive census of substellar companions more massive 
than Saturn in the solar neighbourhood.

Thanks to:
P. Lazorenko (Kiev), E. Martín (Madrid)

D. Ségransan, M. Mayor, D. Queloz, S. Udry & Geneva planet group
A. Burgasser & D. Bardalez-Gagliuffi (San Diego)

12

CONCLUSIONS


