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Brown Dwarf Exotica

Deuterium Burning
Metallic H/He cores
Molecular Atmospheres

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

L<6x10° L,

R ~ 0.1 R, for “all” masses
T, <1800 K

g~ 110300 g’s

Infrared

“Magenta”

Silicate clouds (L dwarfs)

Depleted atmospheres
(rainout) in T dwarfs

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




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
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Planets
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Fraction of initial D burned (%)

Fraction of initial D burned (%)

Helium Fractions

He32
He30

Haés

D-Burning Edge vs. Y
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Deuterium Fractions

Dz
D1

D-Burning Edge vs. Yo,

D2
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14
Mass (M )

Metallicity

He25

25 . 3
Initial y, x10°

14
Mass (M )

Roughly 13 M), but
model-dependent.

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

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 M;!

Spiegel, Burrows, Milsom 2011
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T Dwarfs—— Jupiter

Composition Diagnostics of EGP Atmospheres

Fe(c) Refractory Silicates

Mg,SiO,

VOI(g)
MgSiO 5
g Silicates rainout
— CrH "
I.é CO —CHg4 Li—LiCl
=
=
(T¥] Cs, Na :
o. ’. — chlorides
= PH3— (P; Og) o—
w
-
NaF, NaCl, KClI,
Sulfide clouds form
Nz—‘ NH3(9)

H,0(g) — H,O(c)

NH3 (g) = NH:"C'




Fe, silicate, H, O, NHj;, .. clouds ~Rp
Rp (AT~200K)
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Condensates in EGP and Brown Dwarf Atmospheres

CaAl,0,
Ca,Sio,
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Opacities

(critical tools)




Mo lecular Opacities
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Cross Section (in em?)
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M Dwarfs T Dwarfs
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2atures

L Dwarfis (2300 K - 1100 K), T Dwarfs (1100 K - 500 K),
and Y Dwarfs (450 K - ??)
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2MASSW J1507476- 162738 (L5 V)
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What 1s the Color of a Brown Dwart?







Gl 570D (T8)

750 K/10° em s™°

lllllll

No Rainout

I = e o 0 O T

1

Logyo &, (milliJanskys)

{llIIIIIII|IIII|IIIIIIIIIIIIIIII

|




Tw/g = 750 K/10° ecm s~
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or 9 models with different metal




Lummosity vs. Age vs. Mass

Log,, (Luminosity) (in solar units)
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Burrows et al. 1997; Burrows et al. 2001
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Evoilutionary tracks and isochrones
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Planets”

(free-floating, wide orbit)




Spectroscopic and PhotoiEl
Discriminants of Giant Planet
‘ . 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
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Planet/Star Contrast: Theory (dashed) versus Capability
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WFIRST-2.4 Exoplanet Imaging Sensitivity
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Figure 2.21: This figure is a snapshot in time of contrast and separation for mocel planets, ranging in size from
Mars-llke 1o several times the radius of Jupher, for about 20) of the nearest stars within 3¢ pc. Color Indicates
olanet mass while size ndicates plaret radius. Crosses represent known radial velocity planets. Solid black lines

mark the basel ne technical goal of * ppb contrast and 0.2 arcsec IWA, while the dotted lines show the more ag-
Jressive goals of 0.1 ppb and 0.1 arcsec IWA.




Isolated BDs/EGPs
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