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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 € Ind B

N N N S SR LA R B
- SPITZER IRS from Roelling, 2004: -Gmﬂ;;-m-sv

- Matches cloudless combo of Saumon, Marley, Lodders (2003) "W,
- Tep = 800K and Tga = 1200K 0.100: .
- NH3 absorption @ 10.5 ym -

BUT:

- McCaughrean et al., 2004, AO assisted H-band R=1000
spectroscopy: Tep = 835K ... 875K and Tea = 1238K ... 1312K & 4
(0.8...2Gyr) o001

- Smith et al., 2003, combo R=50000, compared with Tsuji [
(2002) : T = 1500K ¢ Ind Ba, Bb - T1, T6
- MIR model spectra differ: Allard/Burrows/Saumon/Helling ... A8caind)

- Tga is a tough one! (L/T transition: settling?, cond?, non- '
equilibrium chem?)

- if Tea hot, then problems with its radius ...

F, (Jy)

0.001 |

Roelling et al., 2004
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VISIR - VLT Imager and Spectrometer for mid-IR

ey

- diffraction limited (0.3” resolution)

- high sensitivity N-band imaging (5mdy 100 /hr) = TS ﬁf
ba Sl -} q.'L—qgﬁqn Hfr || '

..:-" e

- 11 narrow N band filters
- long slit R=350/3000/25000 spectroscopy
- queue (service) and visitor mode

- reduction pipeline

VISIR under the Cassegrain Focus of the 8.2-m VLT Melipal Telescope

ESCH PR Proao Dea'04 (12 May 2004) £ BEropean Smethem Ohserealony ES
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The case of € Ind B

Model of the emission s pectrum of
a BO0K brown dwarf {Burrows)
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Sterzik et al., 2004
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F, [mJy]

¢ Indi Bab and AMES cond. models
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¢ Indi B and Burrows Sudarsky, Hubeny (2006) model
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F, [mJy]

10

Hubeny & Burrows (2007) models
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F, [mJy]
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Hubeny & Burrows (2007) models
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Star - Brown Dwarf binaries (8.6 )

GJ 229

dist ~ 6pc

sep. 7.7

Sply T7
T~1000K

age 30-200 Myrs

HR 7329

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

HD 130948

dist ~ 18pc
sep.2”.6 + 0”.13
SpTy L4+L4
T~1900K

age 300-800 Myrs

Geissler, Chauvin & Sterzik, 2008
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Star - Brown Dwarf binaries (8.6 )

1.0FS :4;_,__ - ol , 1-7 ! ot "
GJ 229 SR
dist ~ 6pc g’ g'g . . *:-"-'-“..:-*-_-.-‘;_t._:'j:_-_.:',_ wdt
sep. 7.7 5 X ; "l":_""" o R e
05 |'l- g ; o e
SPT)'T7 10 ‘ TEY & | . - |-H I._"j_ e o
T~1000K 1 5 S UER e S DTS
age 30-200 Myrs 0 2 4 6
dist ~ 50pc y
sep.4”.2 %
SpTy M7-M8 S
T~2600K
age 12 Myrs

HD 130948

dist ~ 18pc &
sep.2”.6 + 0”.13 g
SpTy L4+L4

T~1900K

age 300-800 Myrs

arcsec

Geissler, Chauvin & Sterzik, 2008
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Star - Brown Dwarf binaries (8.6 )

155

GJ 229 1.0
dist ~ 6pc %a 8.2 / 10.5u | 11.3p
sep. 7”.7 L 0:5 h
SpTy T7 s <32 | <67
T~1000K -1.5 Jmil
age 30-200 Myrs
HR 7329 P . e e
dist ~ 50pc ’ ﬁ; i L L ,.‘;ila:::_':‘_ 3 osudldlies
sep.4”.2 % —p b :
SpTy M7-M8 © ol o F
T~2600K S P <19 | <29
age 12 Myrs

HD 130948

dist ~ 18pc &
sep.2”.6 + 0”.13 <
SpTy L4+L4

T~1900K

age 300-800 Myrs

arcsec

Geissler, Chauvin & Sterzik, 2008
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Star - Brown Dwarf binaries (8.6 )

GJ 229

dist ~ 6pc

sep. 7”.7

SpTy T7
T~1000K

age 30-200 Myrs

HR 7329

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

105u | 11.3p

arcsec

<3.2 <6.7

10.5u [1.3u

arcsec

<I1.9 <29

HD 130948

dist ~ 18pc
sep.2”.6 + 0”.13
SpTy L4+L4
T~1900K

age 300-800 Myrs

10.5p 11.3p

arcsec

5.7(0.4) | <2.4

<3.2 n.o.

arcsec

Geissler, Chauvin & Sterzik, 2008
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Comparison w/ atm. models (GJ229)
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Comparison w/ atm. models (G]229)

AMES - cond L& T cloud free

GJ229B T=900K T=900K
t=200Myr t=200Myr

PAHI (3.2+-0.5 mly)
Siv (<3.2 mly)

PAH2 (<6.7m]y)

D 130948E 500 500K
0[0 0[0
0 2.1 |.5
|.6 |.3

| .4 |.2
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Is HD 130948 variable @ 10.5u?
3/Aug/06 simulated
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Is HD 130948 variable @ 10.5u?
5/Aug/06 3/Aug/06 simulated
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Variability in B.D.s

The Quest for Weather: Silicates, Methane, Ammonia, CO
L/T transition: cloudy/clear...
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Infrared spectroscopic time series of L/T transition brown dwarfs*
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Variability in B.D.s @ 10.5pu
L/T transition: cloudy/clear...

non-equilibrium chemistry / vertical mixing
heterogenity of cloud patterns: Silicates, Ammonia, CO

I T ] 1 I T 1 ] I 1 ] T l

Gl 570D observations
non—LCE model

LCE model J
T =800 K, g=10% cm s~?

log ¢, (arbitrary units)

Saumon, Marley & Lodders, 2003

6 8 10 12 14
Wavelength (pm)

Hubeny & Burrows, 2007, ApJ669
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Systematic Monitoring of HD [30948
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Systematic Monitoring of HD [30948
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Variability Analysis

- X2 analysis (Morales-Calderon et al.)

- N (Enoch et al. 2003, statistically more robust)

HD 130948
PAH |

HD 130948
SIV
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Variability Analysis

- X2 analysis (Morales-Calderon et al.)
- N (Enoch et al. 2003, statistically more robust)

HD 130948
PAH |

HD 130948
SIV

Wednesday, August 12, 2009



Systematic Monitoring of € Ind B

2/0Oct/04 25/Aug/05 9/Sep/05

folded

convol.
wavelet

incl time series data from 2007
Photometric errors systematically measured through simulated sources
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Systematic Monitoring of € Ind B
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€ Ind Ba
PAH2

€ Ind Ba

SIV

€ Ind Bb
PAH?2

€ Ind Bb
SIV

Variability Analysis
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€ Ind Ba
PAH2

€ Ind Ba

SIV

€ Ind Bb
PAH?2

€ Ind BPb
SIV

Variability Analysis
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€ Ind Ba
PAH2

€ Ind Bo

€ Ind BPb
SIV

Variability Analysis
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Sterzik et al., in prep.



