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Ground-based MIR photometry of binary stars/b.d. systems 

- spatial resolution < 2”

- precise relative photometry (<5%)

- good absolute photometry (<20%) constrain Teff and Lbol

- discriminate atmospheric models
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 The case of ε Ind B

Roelling et al., 2004

- SPITZER IRS from Roelling, 2004:
- Matches cloudless combo of Saumon, Marley, Lodders (2003)
- TBb = 800K and TBa = 1200K
- NH3 absorption @ 10.5 µm

BUT:

- McCaughrean et al., 2004, AO assisted H-band R=1000 
spectroscopy: TBb = 835K … 875K and TBa = 1238K … 1312K 
(0.8…2Gyr) 
- Smith et al., 2003, combo R=50000, compared with Tsuji 
(2002) :  TB ≈ 1500K 
- MIR model spectra differ: Allard/Burrows/Saumon/Helling …
- TBa is a tough one! (L/T transition: settling?, cond?, non-
equilibrium chem?)
- if TBa hot, then problems with its radius …
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VISIR - VLT Imager and Spectrometer for mid-IR

 - diffraction limited (0.3” resolution)

 - high sensitivity N-band imaging (5mJy 10σ /hr)

 - 11 narrow N band filters 

 - long slit R=350/3000/25000 spectroscopy

 - queue (service) and visitor mode

 - reduction pipeline
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 The case of ε Ind B

Sterzik et al., 2004
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! Indi Bab and AMES-cond. models
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! Indi B and Burrows, Sudarsky, Hubeny (2006) models
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! Indi B and Burrows, Sudarsky, Hubeny (2006) models
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Hubeny & Burrows (2007) models

8 9 10 11 12 13
! [µm]

1

10

F
"
 [
m

J
y
]

T = 1200K, 1300K
T = 800K, 900K

Wednesday, August 12, 2009



! Indi B and Burrows, Sudarsky, Hubeny (2006) models
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Hubeny & Burrows (2007) models
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indication for non-equilibrium atmosphere
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Star - Brown Dwarf binaries (8.6μ)

GJ 229

HR 7329

HD 130948

dist ~ 6pc
sep. 7”.7
SpTy T7
T~1000K
age 30-200 Myrs

dist ~ 18pc
sep. 2”.6 + 0”.13
SpTy L4+L4
T~1900K
age 300-800 Myrs

dist ~ 50pc
sep. 4”.2
SpTy M7-M8
T~2600K
age 12 Myrs

Geissler, Chauvin & Sterzik,  2008
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Star - Brown Dwarf binaries (8.6μ)
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λ
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8.6μ 10.5μ 11.3μ

3.2(2.3) <1.9 <2.9
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8.6μ 10.5μ 11.3μ

3.8(0.4) 5.7(0.4) <2.4
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Comparison w/ atm. models (GJ229)

GJ229B
AMES - cond

T=900K
t=200Myr

L&T cloud free
T=900K

t=200Myr

PAH1 (3.2+-0.5 mJy)

Siv (<3.2 mJy)

PAH2 (<6.7mJy)

3.3 3.4
3.0 3.0
5.1 4.3

HD130948BC
AMES - dusty

T=1900K
t=300Myr

L&T cloudy
T=1900K
t=300Myr

PAH1 (1.9+-0.4 mJy)

Siv (2.9+-0.4 / < 1.6 mJy)

PAH2 (<1.2mJy)

2.1 1.5
1.6 1.3
1.4 1.2
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Is HD 130948 variable @ 10.5μ?

5/Aug/06 3/Aug/06 simulated

5.7 ± 0.4 mJy <3.2 (b.l. + 3σ) mJy sim. source 4 mJy
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Variability in B.D.s 

The Quest for Weather: Silicates,  Methane,  Ammonia, CO
L/T transition:  cloudy/clear...

A SENSITIVE SEARCH FOR VARIABILITY IN LATE L DWARFS: THE QUEST FOR WEATHER

M. Morales-Calderón,1,2 J. R. Stauffer,3 J. Davy Kirkpatrick,4 S. Carey,3 C. R. Gelino,3

D. Barrado y Navascués,1 L. Rebull,3 P. Lowrance,3 M. S. Marley,5

D. Charbonneau,6,7 B. M. Patten,6 S. T. Megeath,6 and D. Buzasi8
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ABSTRACT

We have conducted a photometric monitoring program of three field late L brown dwarfs (DENIS-P J0255!4700,
2MASS J0908+5032, and 2MASS J2244+2043) looking for evidence of nonaxisymmetric structure or temporal
variability in their photospheres. The observations were performed using Spitzer IRAC 4.5 and 8 !m bandpasses and
were designed to cover at least one rotational period of each object; 1" rms uncertainties of less than 3 mmag at 4.5!m
and around 9mmag at 8!mwere achieved. Two out of the three objects studied exhibit somemodulation in their light
curves at 4.5 !m—but not 8 !m—with periods of 7.4 hr (DENIS 0255) and 4.6 hr (2MA 2244) and peak-to-peak
amplitudes of 10 and 8 mmag. Although the lack of detectable 8 !m variation suggests an instrumental origin
for the detected variations, the data may nevertheless still be consistent with intrinsic variability, since the shorter
wavelength IRAC bandpasses probemore deeply into late L dwarf atmospheres than the longer wavelengths. A cloud
feature occupying a small percentage (1%Y2%) of the visible hemisphere could account for the observed amplitude
of variation. If, instead, the variability is indeed instrumental in origin, then our nonvariable L dwarfs could be either
completely covered with clouds or objects whose clouds are smaller and uniformly distributed. Such scenarios would
lead to very small photometric variations. Follow-up IRAC photometry at 3.6 and 5.8 !m bandpasses should dis-
tinguish between the two cases. In any event, the present observations provide the most sensitive search to date for
structure in the photospheres of late L dwarfs at mid-IR wavelengths, and our photometry provides stringent upper
limits to the extent to which the photospheres of these transition L dwarfs are structured.

Subject headinggs: stars: individual (DENIS-P J0255!4700, 2MASS J0908+5032, 2MASS J2244+2043) —
stars: low-mass, brown dwarfs — stars: variables: other

1. INTRODUCTION

The onslaught of L and T dwarf discoveries within in the last
10 years has enabled direct comparisons between observations
and modeling of brown dwarf cooling tracks. The transition re-
gion from the late L dwarfs to the early T dwarfs has always been
problematic for brown dwarf atmosphere modelers. First among
the unanswered questions relates to the fact that early T dwarfs
tend to have absolute J magnitudes brighter than later L dwarfs,
the so-called J-band bump (Vrba et al. 2004). Further problems
arise from the large dispersion of certain colors as a function of
spectral type (Knapp et al. 2004) as well as the discrepancies
between the optical and near-IR derived spectral types of some
transition objects (Kirkpatrick 2005). Although some of these
issues can be answered with unresolved binaries (Liu 2006), it is
also likely true that the mechanism for dust clearing is intimately
involved in the explanation of all of these observables. At least
three mechanisms for dust clearing have been proposed: (1) the
cloud deck thins and sinks, eventually dropping below the pho-
tosphere (Tsuji & Nakajima 2003); (2) the cloud deck breaks up

into discrete (patchy) clouds, and eventually those clouds either
shrink or sink below the visible photosphere (Burgasser et al.
2002); and (3) a ‘‘sudden downpour’’ (rapid sedimentation period)
occurs, rapidly removing grains from the visible photosphere
(Knapp et al. 2004).
Photometric variability is one observable that may be able to

provide constraints on which of these mechanisms, if any, is the
dominant process occurring in very cool atmospheres. The atmo-
spheres of these objects are too cool and neutral to support star
spots (Mohanty & Basri 2003; Gelino et al. 2002), so if vari-
ability exists, it is most likely caused by nonuniform structures in
the cloud deck. If the objects are not variable, then either the
variability is below the limits of detection, or the cloud decks are
uniformly distributed over the entire atmosphere, leaving no fea-
tures to produce brightness variations.
Numerous attempts have been made to search for photometric

variability in L and T dwarfs. These searches for ‘‘weather’’ have
been performed largely in the optical regime (Tinney & Tolley
1999; Bailer-Jones & Mundt 1999, 2001; Clarke et al. 2002a,
2002b; Gelino 2002; Gelino et al. 2002; Koen 2003, 2005; Maiti
et al. 2005) and the near-IR (Bailer-Jones 2002; Gelino 2002;
Bailer-Jones & Lamm 2003; Enoch et al. 2003; Koen et al. 2004,
2005). The results of these surveys indicate that the photometric
variability of these objects falls under one of three categories:
nonvariable, periodic variable, and nonperiodic variable. Objects
that show no variations generally have limits of a few percent.
Those that show nonperiodic variations have rms amplitudes of
a few percent and vary on timescales too short to be correlated
with a rotation period (Bailer-Jones &Mundt 2001; Gelino et al.
2002; Bailer-Jones 2004). The small fraction that appear to show
periodic modulation of their light curves have typical amplitudes
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CLOUDS search for variability in brown dwarf atmospheres

Infrared spectroscopic time series of L/T transition brown dwarfs!
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ABSTRACT

Context. L-type ultra-cool dwarfs and brown dwarfs have cloudy atmospheres that could host weather-like phenomena. The detection
of photometric or spectral variability would provide insight into unresolved atmospheric heterogeneities, such as holes in a global
cloud deck. Indeed, a number of ultra-cool dwarfs have been reported to vary. Additional time-resolved spectral observations of
brown dwarfs offer the opportunity for further constraining and characterising atmospheric variability.
Aims. It has been proposed that growth of heterogeneities in the global cloud deck may account for the L- to T-type transition when
brown dwarf photospheres evolve from cloudy to clear conditions. Such a mechanism is compatible with variability. We searched for
variability in the spectra of five L6 to T6 brown dwarfs to test this hypothesis.
Methods. We obtained spectroscopic time series using the near-infrared spectrographs ISAAC on VLT–ANTU, over 0.99−1.13 µm,
and SpeX on the Infrared Telescope Facility for two of our targets in the J, H, and K bands. We searched for statistically variable
lines and for a correlation between those.
Results. High spectral-frequency variations are seen in some objects, but these detections are marginal and need to be confirmed.
We find no evidence of large-amplitude variations in spectral morphology and we place firm upper limits of 2 to 3% on broad-band
variability, depending on the targets and wavelengths, on the time scale of a few hours. In contrast to the rest of the sample, the
T2 transition brown dwarf SDSS J1254−0122 shows numerous variable features, but a secure variability diagnosis would require
further observations.
Conclusions. Assuming that any variability arises from the rotation of patterns of large-scale clear and cloudy regions across the
surface, we find that the typical physical scale of cloud-cover disruption should be smaller than 5−8% of the disk area for four of our
targets, using simplistic heterogeneous atmospheric models. The possible variations seen in SDSS J1254−0122 are not strong enough
to allow us to confirm the cloud-breaking hypothesis.

Key words. stars: low-mass, brown dwarfs – stars: atmospheres – techniques: spectroscopic – stars: general

! Based on observations obtained at the European Observatory,
Paranal, Chile, under programme 71.C-0559.
!! Visiting Astronomer at the Infrared Telescope Facility, which is op-
erated by the University of Hawaii under Cooperative Agreement No.
NCC 5-538 with NASA, Office of Space Science, Planetary Astronomy
Program.

1. Introduction

The L/T transition brown dwarfs are an informal class of sub-
stellar objects comprising the latest L-type and the earliest
T-type dwarfs (roughly L8 to T4). Their near-infrared spec-
tra may exhibit both CO and CH4 absorption, and they have
J − K colours intermediate between those of the red late-type

Article published by EDP Sciences
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Variability in B.D.s @ 10.5μ
L/T transition:  cloudy/clear...
non-equilibrium chemistry / vertical mixing
heterogenity of cloud patterns: Silicates,  Ammonia, CO

11

Hubeny & Burrows, 2007,  ApJ669

Saumon, Marley & Lodders, 2003
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Systematic Monitoring of  HD 130948 
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Variability Analysis

Geissler et al., Cool Stars

Χ2 P η

HD 130948
PAH1

HD 130948
SIV

1.8 0.99 0.4

5.5 0.59 0.7

- Χ2 analysis (Morales-Calderon et al.)
- η (Enoch et al. 2003, statistically more robust)
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Variability Analysis

Geissler et al., Cool Stars

Χ2 P η

HD 130948
PAH1

HD 130948
SIV

1.8 0.99 0.4

5.5 0.59 0.7
 HD 130948 likely not variable in PAH1 and SIV!

- Χ2 analysis (Morales-Calderon et al.)
- η (Enoch et al. 2003, statistically more robust)
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 Systematic Monitoring of ε Ind B
2/Oct/04 25/Aug/05 9/Sep/05

folded

convol.
wavelet

Photometric errors systematically measured through simulated sources

Photometric errors systematically measured through simulated sources

incl time series data from 2007
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 Systematic Monitoring of ε Ind B
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Variability Analysis

Χ2 P η
ε Ind Ba
PAH2

ε Ind Ba
SIV

ε Ind Bb
PAH2

ε Ind Bb
SIV

40 10-7 3.1

20 10-3 2.1

15 10-2 1.8

9 10-1 1.4
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Variability Analysis

Χ2 P η
ε Ind Ba
PAH2

ε Ind Ba
SIV

ε Ind Bb
PAH2

ε Ind Bb
SIV

40 10-7 3.1

20 10-3 2.1

15 10-2 1.8

9 10-1 1.4 ε Ind Bb unlikely variable in PAH2 and SIV.
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Variability Analysis

Sterzik et al., in prep.

Χ2 P η
ε Ind Ba
PAH2

ε Ind Ba
SIV

ε Ind Bb
PAH2

ε Ind Bb
SIV

40 10-7 3.1

20 10-3 2.1

15 10-2 1.8

9 10-1 1.4

 ε Ind Ba *maybe* variable in PAH2 and SIV,

tentatively attributed to variable NH3 absorption.

 ε Ind Bb unlikely variable in PAH2 and SIV.
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