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ABSTRACT

Context. The transition from the L to the T spectral type of brown dwarfs is marked by a very rapid transition phase, remarkable
brightening in the J-band, and higher binary frequency. Despite being an active area of inquiry, this transition region still remains one
of the most poorly understood phases of brown dwarf evolution.
Aims. We resolved the L dwarf 2MASS J03105986+1648155 for the first time into two almost equally bright components straddling
the L/T transition. Since such a coeval system with common age and composition provides crucial information on this special transition phase, we monitored the system over ∼3 years to derive first orbital parameters and dynamical mass estimates, as well as a
spectral type determination.
Methods. We obtained resolved high angular resolution, near-IR images with both HST and the adaptive optics instrument NACO at
the VLT, including the laser guide star system PARSEC.
Results. Based on two epochs of astrometric data, we derive a minimum semi-major axis of 5.2 ± 0.8 AU. The assumption of a
face-on circular orbit yields an orbital period of 72 ± 4 years and a total system mass of ∼30–60 MJup . This places the masses of the
individual components of the system at the lower end of the mass regime of brown dwarfs. The achieved photometry allowed a first
spectral type determination of L9 ± 1 for each component. In addition, this seems to be only the fifth resolved L/T transition binary
with a flux reversal.
Conclusions. While ultimate explanations for this eﬀect are still lacking, the 2MASS J03105986+1648155 system adds an important
benchmark object for improving our understanding of this remarkable evolutionary phase of brown dwarfs. Additionally, the observational results of 2MASS J03105986+1648155 AB derived with the new PARSEC AO system at the VLT show the importance of
this technical capability. The updated AO system allows us to significantly extend the sample of brown dwarfs observable with high
resolution from the ground, hence to reveal more of their physical properties.
Key words. brown dwarfs – stars: individual: 2MASS J03105986+1648155 AB – stars: fundamental parameters – binaries: visual –
techniques: high angular resolution

1. Introduction
The transition from the L to the T spectral types of brown dwarfs
is marked by a dramatic change in their near-IR spectral energy
distribution (SED) and atmospheric properties. While this has
already been an active area of inquiry, it still remains one of the
most poorly understood phases of brown dwarf evolution. As
discussed by say Geballe et al. (2002), the late-type L dwarfs
are characterized by very red near-IR colors, caused by condensate dust in their photospheres and metal hydrides, as well as
CO absorption bands. In contrast, the T dwarfs are characterized
again by bluer near-IR colors, caused by the appearance of CH4
absorption at 1.65 and 2.2 μm, stronger H2 O absorption, and the
increasing importance of collision-induced H2 absorption (CIA),


Based on observations collected at the European Southern
Observatory, Paranal, Chile, under program 080.C-0786 A. This work is
partly based on observations made with the NASA/ESA Hubble Space
Telescope, obtained at the Space Telescope Science Institute (STScI)
and is associated with program GO-10208. STScI is operated by the
Association of Universities for Research in Astronomy, Inc., under
NASA contract NAS 5-26555.

as well as relatively dust-free photospheres (Geballe et al. 2002).
This change occurs over a comparatively narrow eﬀective temperature range (Δ T eﬀ ≈ 200 K) around 1500–1300 K for nearIR L7–T3 dwarfs (Golimowski et al. 2004), implying a very
rapid transition phase. Taking the interaction between temperature, gravity, metallicity and the physics of atmospheric dust
clouds into account, this area remains a challenge to theoretical
models (for diﬀerent possible explanations see e.g. Knapp et al.
2004; Tsuji 2005; Tsuji et al. 1999; Marley et al. 2002; Burrows
et al. 2006; Ackerman & Marley 2001; Burgasser et al. 2002;
Folkes et al. 2007).
Another very peculiar, yet unexplained observational feature is the remarkable brightening in the Z/Y (∼0.9–1.1 μm) and
J (∼1.2–1.3 μm) bands of up to Δ M J ∼ 1 mag for the early- to
mid-type T dwarfs. This so-called J-band “bump” (Dahn et al.
2002; Tinney et al. 2003; Vrba et al. 2004) indicates a significant flux redistribution at almost constant luminosity. In the following, high-resolution imaging surveys revealed a binary frequency among the L / T transition objects that is almost twice as
high as in earlier or later type brown dwarfs (Burgasser et al.
2006b). In a first attempt, it was suggested that the “bump”
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Table 1. Observation log of high-angular resolution imaging of 2MASS 031059+164815 AB.
Date

Telescope/Instrument

Filter

Exp. time
[s]

Seeing a
[ ]

Strehl ratio
[%]

24 / 09 / 2004

HST/NIC1

05 / 11 / 2007

VLT/NACO

F108N
F113N
H
KS

2560
2816
14 × 60
14 × 60

1.02–1.19
0.99–1.07

21.9–43.8
42.2–68.0

Notes. (a) Site seeing measured by the diﬀerential image motion method (DIMM) in V-band at zenith.

might be artificially enhanced by systems appearing overluminous because of binarity (“crypto-binarity”) and that the integrated light of an L + T dwarf system could mimic the spectral characteristics of an early-type T dwarf (Burrows et al.
2006; Liu et al. 2006; Burgasser et al. 2006b). However, recent discoveries suggest that at least a fraction of the observed
J-band brightening is intrinsic to the atmospheres of early- to
mid-type T dwarfs as they cool. Resolved high resolution photometry has revealed a 1.0–1.3 μm flux reversal in four L / T
dwarf binary systems, with the T dwarf secondary brighter
than the late L or early T dwarf primary in this wavelength
regime (2MASS J17281150+3948593AB, Gizis et al. 2003;
SDSS J102109.69-030420.1AB, Burgasser et al. 2006b; SDSS
J153417.05+161546.1 AB, Liu et al. 2006; 2MASS J140449413159329 AB, Looper et al. 2008). In addition, a comparison
with absolute J-band magnitudes of other resolved binary components having a spectral type of T1–T5 (e.g.  Indi Ba or
SDSS J042348-041403 B) shows that they are still ∼0.5 mag
brighter than the latest L dwarfs (Burgasser et al. 2006b; Looper
et al. 2008). These findings imply that the brightening across the
L / T transition is a real eﬀect, since it also aﬀects binaries that
are assumed to be coeval systems with common age and metallicity. Therefore, further discoveries and high-resolution observations of L / T transition binaries will play an important role.
An extended sample of L + T dwarf binaries should provide independent crucial information on these issues. The comparison
of the observed properties with theoretical models (e.g. Baraﬀe
et al. 2003; Burrows et al. 2003; Saumon & Marley 2008) will
then help reveal the physical mechanism that drives the transition from dusty L dwarfs to dust-free T dwarfs.
One such important newly-resolved binary is 2MASS
J03105986+1648155 (hereafter 2M0310+1648), whose likely
coeval components straddle the L / T transition. 2M0310+1648
was originally discovered by Kirkpatrick et al. (2000) in the Two
Micron All Sky Survey (2MASS) database. It was classified with
a spectral type L8 in the optical, and the presence of lithium implied a mass M ≤ 60 MJup , confirming its brown dwarf nature.
The first near-IR spectroscopic observations revealed some spectral discrepancy compared to other late-type L dwarfs in terms
of a significantly depressed K-band spectrum starting around
2.2 μm, interpreted as being caused by collision-induced H2 absorption (Reid et al. 2001). By contrast, Nakajima et al. (2001)
attributes this flux suppression to methane rather than H2 , which
would also explain the very weak CO band head at 2.3 μm
and indicate that much of the carbon is in CH4 . Finally, with
their new classification scheme, Geballe et al. (2002) slightly
revised the spectral type of 2M0310+1648 to L9 in the nearIR. In September 2004, 2M0310+1648 was resolved as an almost equally bright binary system during our own Hubble Space
Telescope (HST) NICMOS survey (Stumpf et al. 2005; Stumpf
et al., submitted). As an L / T transition binary it added up to the
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already apparently higher binary fraction in the transition regime
and provides an important testbed for deriving information about
the underlying physical and chemical processes in this transition regime. Therefore a monitoring program including resolved
photometry and spectroscopy was started and the first results are
presented in this paper.

2. Observations and data reduction
2.1. HST/NICMOS

The HST observations of 2M0310+1648 AB were obtained as
part of the spectral diﬀerential imaging program GO 10208 (PI:
W. Brandner), targeting 12 isolated L dwarfs with no known
companions so far. They were executed on September 24, 2004
with the NICMOS1 (NIC1) camera, providing a field of view
(FoV) of 11 × 11 with a pixel scale of 0.0432, in the two
narrow band filters F108N and F113N. Four diﬀerent images at
two detector positions were acquired in MULTIACCUM mode
for each filter, resulting in a total integration time of 2560 s and
2816 s, respectively (see Table 1).
The HST data analysis of 2M0310+1648 AB is based on
pipeline-reduced frames as provided by the HST archive. For
the aperture photometry, the IRAF phot routine in the apphot
package was used to derive the magnitudes of the resolved components. Owing to the small separation between the components
an aperture size of 2 pixel was used and corrected to 11.5 pixel
with an aperture scaling factor derived from TinyTim1 PSF simulation. The results were thereafter corrected to a nominal infinite aperture and transformed into flux using the most recent
photometric keyword value as provided by the STScI webpage2.
Finally, the flux was converted into the Vega photomertic system using the flux zero points of 1937.0 and 1820.9 Jy for the
F108N and F113N filters, respectively. The individual magnitudes from the dithered exposures were then averaged to derive
a single photometric measurement for each filter.
For the astrometric measurements we used the IDL-based
simultaneous PSF-fitting algorithm from Bouy et al. (2003),
adapted to our HST/NIC1 data. For a better error estimation
we used a library of 6 diﬀerent PSFs: four theoretical PSFs
considering diﬀerent focus settings (simulating telescope defocus of up to 10 μm due to HST “breathing”) and two natural PSFs obtained during previous observations of similar objects of the same program (namely 2MASSI 082519+211552
and 2MASSW 152322+301456, with spectral types of L7.5 and
L8, respectively). The precise separation, position angle (PA),
and flux ratio were measured separately for each of the 4 images
1

http://www.stsci.edu/software/tinytim/tinytim.html
http://www.stsci.edu/hst/nicmos/performance/
photometry/postncs_keywords.html
2
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24 / 09 / 2004

05 / 11 / 2007

05 / 11 / 2007

Fig. 1. Images of 2M0310+1648 AB obtained with HST/NICMOS and VLT/NACO including PARSEC. The orientation and scale are the same
for all images. 2M0310+1648 A is the northeast component, while 2M0310+1648 B is the component to the southwest.

per filter. Finally the results were averaged and the uncertainties
were calculated from the standard deviation.
2.2. VLT/NACO with PARSEC

As part of our MPIA guaranteed time observations (GTO) for
the ESO/VLT sodium laser guide star (LGS) system PARSEC
(Rabien et al. 2004; Bonaccini Calia et al. 2006), we started a
monitoring program for a sample of brown dwarf binary systems with spectral types from early L to late T. These observations include photometry and spectroscopy to better constrain
the physical properties such as luminosity, colors, spectral types,
and eﬀective temperature (T eﬀ ) of the individual components.
So far, we have obtained follow-up imaging observations
for 2M0310+1648 AB with the AO system NACO including
PARSEC in the H (1.65 μm) and KS (2.15 μm) broad-band
filters. The observations were carried out in service mode on
November 4, 2007 with the CONICA S27 camera, providing
a FoV of 28 × 28 and a pixel scale of 0.0271. The wavefront sensing was performed on the LGS using the VIS dichroic
for the observation and the necessary reference star for tip/tilt
correction was chosen from the GSC-II (V 2.2.01). The star
N33133125783 has V = 17.21 mag and is 46.14 away from
2M0310+1648 AB. Fourteen images were obtained in each filter, executed in a 7 point dither pattern to allow for cosmic ray
and bad pixel correction, resulting in 840 s of total integration
time. The observations were performed under clear sky conditions, but wind shake of the telescope and highly variable seeing
conditions (between 0.99 and 1.19 FWHM), which were far
worse than the requested constraint of 0.6 FWHM, significantly
degraded the AO performance especially in H-band.
The standard image processing included flat-fielding, dark
and sky subtraction, and bad pixel correction. The final average
combination was accomplished with the recommended Eclipse
jitter (Devillard 1997) software package. Since no separate reference PSF star was observed, the simultaneous PSF-fitting algorithm mentioned above from Bouy et al. (2003) could not be applied. Therefore, a new IDL fitting algorithm was implemented
that fits a system created from two asymetric Moﬀat PSFs and
provides the separation, PA, and flux ratio of the two components. The only constraint for this procedure is the similar shape
of the observed component PSFs, which worked very well for
2M0310+1648 AB thanks to the small separation of the binary
components. To determine the statistical error of this fit, the algorithm was also applied to each individually reduced image.

All results per filter were averaged and the error calculated from
the standard deviation. Figure 1 displays the HST data, as well
as the final reduced VLT/NACO + PARSEC images in the Hand KS -bands.

3. Results
3.1. Resolved photometry and spectral types

The magnitudes of the components in the HST F108N and
F113N filters are listed in Table 2. A comparison of the calculated flux ratios from these results with the flux ratios directly
derived during the PSF fitting shows very good agreement within
the uncertainties. The slightly fainter magnitudes of both components in the F113N filter compared to those in the F108N filter
are real and caused by the increasing water absorption in late L
spectral types at this narrow wavelength band.
The individual component H and KS magnitudes were determined from the measured flux ratios in these filters and the
published photometry of the unresolved 2M0310+1648 on the
2MASS system (Cutri et al. 2003). Even though the 2MASS and
VLT/NACO near-IR filters are not exactly identical, we did not
apply any correction factor, given that the spectral energy distributions (SEDs) of the 2M0310+1648 AB components are so
similar that the flux ratio should not be significantly aﬀected by
the diﬀerence in these two photometric systems. The final errors
in the photometry include the uncertainties of the unresolved
2MASS magnitudes and the determined flux ratios. Because of
the lack of J-band observations, the magnitude diﬀerence between the two components in this wavelength regime had to
be estimated. The SED of L dwarfs is comparatively flat between 1.06 μm and 1.15 μm, as well as throughout the J-band
(see McLean et al. 2003). Thus, the flux ratios between diﬀerent L spectral types show no significant trend. In addition, both
components are almost equally bright suggesting a very similar
flux ratio in the F108N and J filter. A more quantitative determination was achieved by the convolution of the SED of late L
dwarf synthetic spectra with the corresponding filter curves. The
result yielded a Δ mag correction of 0.02 mag between these two
filters.
Table 2 lists the individual magnitudes and the resulting colors. Within the errors, the two components are equal in magnitude, implying that 2M0310+1648 AB is likely to be a near equal
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Table 2. Resolved component properties of 2MASS 0310+1648 AB.
Property
F108N
F113N
J∗
H
KS
J–H
H – KS
J – KS

Flux ratio
0.892 ± 0.008
0.891 ± 0.008
0.908 ± 0.020
0.947 ± 0.012
1.008 ± 0.005

Δ mag
0.12 ± 0.02
0.12 ± 0.02
0.10 ± 0.06
0.059 ± 0.013
−0.009 ± 0.005

2M0310+1648 A
17.42 ± 0.07
17.51 ± 0.06
16.73 ± 0.11
15.66 ± 0.08
15.07 ± 0.07
1.07 ± 0.14
0.59 ± 0.11
1.66 ± 0.13

2M0310+1648 B
17.54 ± 0.08
17.63 ± 0.05
16.83 ± 0.13
15.71 ± 0.08
15.06 ± 0.07
1.12 ± 0.15
0.65 ± 0.11
1.77 ± 0.15

Notes. (∗) The resolved J-band magnitudes are based on an estimated flux ratio due to the lack of observations (see description in the text).

3

The flux ratios have smaller and more accurate errors, since the
values were derived during direct measurement of the ratio.
4
The history of naming the actual A component as the primary arose
from the first resolved photometry derived with HST, where “A” was
the brighter object.
5
http://www.DwarfArchive.org
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mass binary (q ∼ 1). However, a closer look at the flux ratios3
( fB / fA ) reveals a steadily decreasing brightness diﬀerence between the A and B component from the Y (F108N and F113N) to
the KS -band. In the KS -band a flux reversal even occurs between
the components. This is puzzling, since one would not expect
the inversion of the brightness ratio if both dwarfs were equal. A
similar flux reversal, although in the J-band, has been detected in
the four other L / T transition binaries described in Sect. 1. Three
of these previously detected reversal binaries (SDSS 10210304 AB, SDSS 1534+1615 AB, 2M1404-3159 AB) are composed of a T1–T1.5 primary and a T5–T5.5 secondary, where
the secondary is brighter in J (Δ J ∼ 0.04–0.54 mag in the
MKO system) but significantly fainter in H and KS . First,
2M0310+1648 AB seems to be diﬀerent, since the flux reversal appears in the KS -band. However, if one would consider that
the assumed primary 2M0310+1648 A4 is actually of a slightly
later spectral type than the assumed secondary 2M0310+1648 B,
the later-type (A) component would be also notably brighter in
Y and J-bands and fainter in KS . A possible explanation for the
still slightly brighter flux in H-band could be that both components have much closer spectral types, thus very similar SEDs
with similar strong H2 O and CH4 absorption, in contrast to
the T1 + T5 binaries mentioned above. Therefore, the inversion
might take place in a more continuous way.
To derive more information on the individual spectral types,
they are assumed to be identical in a first approach, since
both components are almost equally bright, so should not
have significantly diﬀerent spectra compared to the unresolved
2M0310+1648 spectrum, which has an assigned spectral type
of L9. Additionally, while the flux of both components drops
in the F113N filter because of water absorption, their flux ratio remains the same as in F108N, indicating the same strength
of absorption in each component and thus the same spectral
type. To check these estimates, the resolved JHKs colors of
2M0310+1648 AB are compared to those of 61 known L7–
T4.5 dwarfs from the Dwarf Archive5 (provided in the 2MASS
photometric system), excluding any known binaries. The colorcolor diagram in Fig. 2 shows that both components have colors that are coincident with a cluster of late L dwarfs (L7–L9)
and very early T dwarfs (T0–T1), supporting the assumption that
2M0310+1648 A and B have a spectral type ∼L9. At the same
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Fig. 2. Near-IR color-color diagram of 61 known L7–T4.5 dwarfs from
the DwarfArchive with a near-IR spectral type uncertainty ≤1 subtype
and known binary systems excluded. The L dwarfs are shown in red
while the T dwarfs are shown in blue. The numbers indicate the individual spectral types from 7 = L7 to 14.5 = T4.5. The resolved colors
of 2M0310+1648 A and B are plotted as stars with corresponding error
bars.

time, the color composition illustrates the peculiar redder colors
of component B compared to component A, indicating the possibility that 2M0310+1648 A has a slightly later spectral type,
possibly T0. In fact, a comparison of 2M0310+1648 A with the
T0 standard SDSS J120747.17+024424.8 (Tinney et al. 2005;
Burgasser et al. 2006a) reveals very good agreement of the colors within the uncertainties (SDSS 1207: J – H = 1.02 ± 0.09, H –
KS = 0.57 ± 0.09, J – KS = 1.59 ± 0.09). However, a wider spread
of colors for the same spectral type is not uncommon for dwarfs
in the L / T transition (see, e.g. Knapp et al. 2004).
As a result, only resolved spectroscopy can unambiguously
determine spectral types. This will further help to explain the
physical mechanisms in the L/T transition. For the present, the
assumption that both components have the same spectral type of
L9 ± 1 in the near-IR will be retained until spectroscopic results
are obtained.
3.2. New photometric distance

Since 2M0310+1648 has no trigonometric parallax determination so far, an assigned photometric distance of 20 pc

M. B. Stumpf et al.: 2MASS 0310 +1648 AB – a new binary at the L/T transition (RN)
Table 3. Orbital parameters for the 2MASS0310+1648 AB system.

Parameter
Separation
Position Angle

ρ [mas]
θ [deg]

estimated distance
Semi-major axis
Orbital period
System mass

d [pc]
a [AU]
P [years]
Mtot [MJup ]

HST/NIC1
(24/09/2004)
204.3 ± 0.4
206.4 ± 0.1

VLT/NACO
(05/11/2007)
210.8 ± 1.8
221.9 ± 0.8

25 ± 4
≥5.2 ± 0.8
72 ± 4
≥30

(Kirkpatrick et al. 2000) has commonly been used for the
unresolved system. To correct this value for the bias introduced by the multiplicity of the system, the individual component magnitudes were compared to the absolute magnitude
vs. spectral type (SpT) relation from Looper et al. (2008)6.
With an assumed near-IR spectral type of L9 for each component, this M JHKS –SpT relation gives MH = 13.67 ± 0.29 mag
and MKS = 13.04 ± 0.33 mag. This yields distances of ∼24.9
and ∼25.4 pc, respectively, for component A and ∼25.6 and
∼25.3 pc, respectively, for component B. With these results, a
mean distance of 25 ± 4 pc is assigned, including the uncertainties in the photometric magnitudes and the rms error in the spectral type relation.
3.3. Orbit estimates

Table 3 lists the measured separations and position angles for
the 2M0310+1648 AB system obtained from two epochs separated by ∼3 years. During that time, the position angle changed
by 15.5◦ ± 0.8◦, while the separation increased only slightly
from 204.3 ± 0.4 mas to 210.8 ± 1.8 mas. For a first estimation
of the orbital parameters, a face-on circular orbit was assumed,
since the separation between the components did not change
significantly. Accordingly, an average value of 207.6 ± 1.8 mas
was used in the following calculations. This resulted in the
approximation that the semi-major axis corresponds to a projected separation of 5.2 ± 0.8 AU (at a distance of 25 pc) with
the uncertainty dominated by the distance estimate. With an orbital period of 72 ± 4 years calculated from the fractional change
in PA, and using Kepler’s third law, this finally yields a first
estimate for the total system mass of ≈30 MJup . This implies a
relatively low-mass binary brown dwarf system with both components having masses close to the brown dwarf/planetary mass
boundary.
However, as the projected separation was assumed to be
equal with the true semi-major axis, the mass prediction can
only be a lower limit. Depending on the orientation in space
(diﬀerent perspectives on inclination i and eccentricity e), the
true separation might be larger and/or the observations may
have been obtained very close to the periastron passage, resulting in an increase in the total system mass. Fischer &
Marcy (1992) showed that on average the true semi-major axis
for binaries is about 1.26 times larger than the observed separation. Correcting with this statistical factor, the true semimajor axis for 2M0310+1648 AB can be estimated as a =
1.26 ∗ ρ ≈ 6.6 AU. Using the same orbital period as before
implies an almost doubled total system mass approximation
6

In contrast to the Burgasser (2007) relation, this relation is based on
2MASS photometry, thus not introducing additional errors due to the
conversion from one photometric system into another.

of ≈60 MJup . This discrepancy shows the need for further
astrometric observations to better determine the orbital parameters and to clarify whether the orbit is really seen face on or at
a diﬀerent inclination.

4. Conclusions
HST/NICMOS imaging in the F108N and F113N filters revealed the binary nature of another very interesting L/T transition brown dwarf: 2M0310+1648 AB. In the following, second
epoch astrometry and first resolved high-resolution photometry
in the H - and KS -bands were obtained with VLT/NACO and its
new LGS AO system PARSEC.
The two epochs of astrometric measurements spanning
∼3 years allowed for first rough orbital parameter estimations.
A non-significant change in the separation led to assuming a
face-on circular orbit, yielding an orbital period of 72 ± 4 years.
Depending on the assumed semi-major axis, Kepler’s third
law yielded a first total system mass estimate of ∼30–60 MJup ,
placing the individual component masses at the lower end of
the brown dwarf regime. The first orbital period estimate of
∼72 years does not suggest the possibility of a meaningful dynamical mass determination on a short time scale. Nevertheless,
follow-up observations in the next years will allow us to derive
more accurate information on the orbital elements, hence the true
orientation of the system in space, as well as the true orbital period. This will finally enable us to better constrain the total system mass.
The derived photometry revealed a very intriguing property
of 2M0310+1648 AB. The component fluxes show an unexpected decrease in brightness diﬀerence with increasing wavelength, resulting in a marginal flux reversal in the KS -band. An
additional comparison of the component colors obtained reveals
a redder color of the B component. These results indicate that the
designated primary component 2M0310+1648 A might actually
be of a slightly later spectral type than 2M0310+1648 B. This
could at least partly explain the observed flux reversal as part
of the J-band brightening of early- to mid-type T dwarfs, but a
full explanation for the true nature of the reversal is still needed.
Upcoming spatially resolved spectroscopic observations with
VLT/SINFONI and the PARSEC AO system will allow precise
spectral type determination and an investigation of the underlying spectral morphologies. If it turns out that 2M0310+1648 A
really has a later spectral type than 2M0310+1648 B, the system
would add up to the currently small sample of flux reversal binaries. Additionally, 2M0310+1648 AB would be the first binary
with a secondary showing the J-band brightening already at the
very late-L (L9) or very early-T (T0) dwarf stage rather than at
a T1.5 spectral type or later. This would challenge the existing
theoretical models even more.
In future work, the likely coeval system 2M0310+1648 AB
will serve as a very important benchmark object in the L / T
transition. Further high resolution observations will provide improved understanding of and new insights into the challenging
picture of this still poorly understood, yet remarkable evolutionary phase of brown dwarfs.
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