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Brown dwarfs cool, fade, and shrink with time
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BDs & planets overlap in T4 & log(g) at different ages
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Where do we look for young brown dwarfs?
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Nearby young moving groups (NYMGs)
are identified spatially & kinematically
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NYMGs provide objects with known ages
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New young objects confirmed via kinematics
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Spectral youth |nd|cators for M & L dwarfs

® Stronger VO and

weaker TiO & K in

MMH]N

red-optical spectra
Cruz et a. 2009
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Spectral youth indicators for M & L dwarfs
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Spectral youth indicators for M & L dwarfs
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Young M8.5 objects in H band
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Triangular H-band diagnhostic of young L dwarfs

\;/N P
/\\f:\ %ﬂ:ﬁ\_ m\
See Allers & Liu 2013

for gravity indices T T

N

ks f\;‘ P Y

v CIAH,
L5
WA S co_

A

WMW
1.4 1.5 1.6 1.7 1.8 1.9 19 50 21 20 23 24
Wavelength (wm) 12



Relative strengths of H, CIA and H,0O
opacity are gravity-sensitive
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Spectral youth indicators for M & L dwarfs
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Gravity-sensitive atomic & molecular in optical
& near-IR first identified relative to M giants
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K lines change with temperature and gravity
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Model fits for late-type objects can be ambiguous
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Implications from evolution models
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Kinematics confirm spectral youth indicators
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Later type objects become more ambiguous...
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Why do L5 dwarfs look so similar at
very different ages?
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Directly imaged exoplanets are massive & young

HR 8799

Marois et al. 2008, 2010
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Young brown dwarfs occupy new color-magnitude
space with dlrectly |mages exoplanets
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Young M dwarfs are overluminous, young

L dwarfs are underluminous in NIR
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Parallax, photometry, and spectra provide
calibrated comparison of luminosity & SEDs

W1, W2, W3, W4: 3 — 24 um

§ B

10" 10! |
Wavelength [pum)]

Filippazzo et al. in prep. 27



Normalized FI

Exoplanets will be characterized in NIR at
low resolution by Project 1640, GPI, & SPHERE
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Temperature & gravity are degenerate in NIR
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Exoplanet spectra indicate diversity of

atmospheric properties

HR 8799 b,c,d,e from Project 1640

Oppenheimer et al. 2013
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Young Brown Dwarfs are
Exoplanet Analogs

e Confirm BD youth with photometry, spectroscopy, & kinematics

* Use young BDs to relate observed & physical properties and
to calibrate atmosphere & evolution models

* Improve spectroscopic analysis & cool, low gravity atmosphere
models for directly-imaged exoplanets
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