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Brown Dwarfs: 20 Years Later



Brown Dwarf ExoticaBrown Dwarf Exotica

 Deuterium BurningDeuterium Burning
 Metallic H/He coresMetallic H/He cores
 Molecular AtmospheresMolecular Atmospheres
 HH22, H, H22O, CHO, CH44, CO, N, CO, N22, NH, NH33,,

FeHFeH, , CrHCrH, Na, K, silicates, , Na, K, silicates, ……....
 L < 6 x 10L < 6 x 10-5-5 L LOO
 R ~ 0.1 RR ~ 0.1 RO O  for  for ““allall”” masses masses
 TTee < 1800 K < 1800 K
  g ~ 1 to 300 g g ~ 1 to 300 g’’ss
 InfraredInfrared
 ““MagentaMagenta””

 SilicateSilicate  cloudsclouds   (L (L  dwarfs)dwarfs)
 DepletedDepleted  atmospheresatmospheres

(rainout) in T dwarfs(rainout) in T dwarfs
 BroadBroad  alkalialkali  metalmetal  lineslines
 MassMass  functionfunction  still rising atstill rising at

main-sequence edgemain-sequence edge
 J, H, K J, H, K fluxes much higher thatfluxes much higher that

blackbodyblackbody
 T dwarfs get T dwarfs get bluerbluer with with

decreasing Tdecreasing Te  e  (in the IR)(in the IR)
   J, ZJ, Z fluxes  fluxes increaseincrease near L/T near L/T

transitiontransition

L Dwarfs (2300 K - 1100 K), T Dwarfs (1100 K - 500 K),
and Y Dwarfs (450 K - ??)





  Deuterium-Burning Mass

Spiegel, Burrows, and Milsom
2011



Evolution

Burrows et al. 2001

Planets

Brown Dwarfs?

Stars



What is meant by “deuterium
burning”?
Changing the “deuterium-
burning criterion” from 10%
to 50%, and also from 50% to
90% changes the required
mass by nearly 1 MJ!

More helium, more
deuterium, and higher
opacity result in lower
D-burning mass.

Roughly 13 MJ, but
model-dependent.

Spiegel, Burrows, Milsom 2011



EOS of H2 :

Coulomb
interactions
vs.

electron
degeneracy

Wigner and
Huntington
(1935)

Burrows et al. 2001



Compositions and Abundances



M Dwarfs L Dwarfs T Dwarfs Jupiter

Burrows et al. 2001



Fe, silicate, H2 O, NH3 , .. clouds

Na2 S, KCl hazes



Burrows et al. 2001



Condensates in EGP and Brown Dwarf Atmospheres

Fe, silicates, H2 O, NH3



Molecular and Atomic Opacities

(critical tools)



Molecular Opac ities







T DwarfsM Dwarfs



Unique Spectral Features

L Dwarfs (2300 K - 1100 K), T Dwarfs (1100 K - 500 K),
and Y Dwarfs (450 K - ??)



Kirkpatrick et al. 1999



Burgasser et al. 2001

Na-D

K I



Reid et al. 2000



What is the Color of a Brown Dwarf?



MAGENTA







Evolutionary Models









Lumino s ity vs. Age vs. Mass

Burrows et al. 1997; Burrows et al. 2001

Planets?



Jupiter?

Burrows et al. 2001

M







Burrows, Sudarsky, and Lunine 2003

Clouds

Isolated EGPs and Y Dwarfs



OGLE-TR-122 (VLM)

Radius-Mass Relation



Brown dwarfBrown dwarf
RadiiRadii  (when we(when we
know the know the MassMass
and have anand have an
estimate of theestimate of the
age (?)-age (?)-
ambiguousambiguous
interpretationsinterpretations

Burrows et al.Burrows et al.
20112011



Brown dwarfBrown dwarf
Radii - functionsRadii - functions
of of metallicitymetallicity,,
clouds, clouds, ……: 5-30%: 5-30%

Brown dwarfBrown dwarf
Radii -Radii -  Not just aNot just a
test of the EOS!test of the EOS!

Burrows et al.Burrows et al.
20112011



JWST

Spitzer



The Beginning



“Non-Irradiated Giant Planets”

(free-floating, wide orbit)



Spectroscopic and Photometric
Discriminants of Giant Planet Formation

Scenaros

D. Spiegel and A. Burrows
2011



Initial BD/EGP Models are Quite Uncertain

 Initial Radius, entropies determine flux evolution for quite some time

 Hot-start/cold-start/warm-start - Signatures of mode of formation











Planet/Star Contrast: Theory (dashed) versus Capability

Red: H band (1.6 microns); Purple: Mid-IR; Green: Optical
(Burrows 2005)

HR 8799!!







Burrows et al. 2003

No reflection

Isolated BDs/EGPs

JWST & WISE



HR 8799bcd


