Basic Brown Dwarf Science



Theory and Astronomy:
1) ;

2) Similarities with Extrasolar Giant
Planets

Scientific Themes: Physics, Chemistry,
Structure, Spectra, Composition,

Clouds, Evolution, Remote Sensing



Brown Dwarf Gliese 229B

Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera
October 27, 1994 November 17, 1995

PRC95-48 - ST Scl OPO - November 29, 1995 - T. Nakajima and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA



Brown Dwarf Exotica

Deuterium Burning
Metallic H/He cores

Molecular Atmospheres

H,, H,O, CH,, CO, N,,
NH,, FeH, CrH, Na, K,
silicates, .....

L<6x105Lg

R ~ 0.1 Ry for “all”
masses

= T, <1800 K

g~1to300¢g s
Infrared

Silicate clouds (L dwarfs)

Depleted atmospheres
(rainout) in T dwazrfs

Broad alkali metal lines

Mass function still rising
at main-sequence edge

J, H, K fluxes much
higher that blackbody

T dwarfs get bluer with
decreasing T, (in the IR)

J, Z fluxes increase near
L /T transition




EOS of H,:

Coulomb
interactions
VS.

Wigner and
Huntington
(1935)




OGLE-TR-122 (VLM)

Data: Pont et al. 2005
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Luminosity vs. Age vs. Mass
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Burrows et al. 1997; Burrows et al. 2001
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Burgasser et al. 2001



The Color of a Brown (L) Dwarf
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Fractions of Major Gas Phase Species in T, =950 K g=1000 rn/s2 GI229B Model
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M Dwarfs — L Dwarts —> T Dwarfs —— Jupiter

Composition Diagnostics of EGP Atmospheres

Fe(c) Refractory Silicates

Mg,SiO,

MgSiO 5

Silicates rainout

CH e

Cs, Na

Rb. K — chlorides

TEMPERATURE (K)

NaF, NaCl, KCI,
Sulfide clouds form

Nz— NH3 (g)

H20(g) — HZO(C)

NH 3 (g) - NHs(C)
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M Dwarfs T Dwarts
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T=2200 K; P=1 bar

T=1000 K; P=1 bar
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Reid et al. 2000



Spitzer ST
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Burrows, Sudarsky, and Lunine 2003










The Evolution and
Measurement of EGPs:




Jovian spectrum
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1 M,, 5 Gyr planet orbiting a G2V star

0.2 AU
0.5 AU
1 AU
2 AU
4 AU
6 AU
8 AU
10 AU
15 AU
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Jupiter
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Phase Function at 0.55 microns vs. Orbital Distance

Model Phase Functions
A=0.95 um
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Phase Dependence of the EGP’ s Color
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IM;, EGP, G2V Central Star

full phase

full phase

full phase

1 AU (cloud—-free)




