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“The discovery of a new dish confers more

happiness on humanity than the discovery of

»
a new star.

Anthelme Brillat-Savarin (1825)
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“The discovery of a new dish confers more

happiness on humanity than the discovery of
a new 3ar brown dwarf.”

Anthelme Brillat-Savarin (1825)
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The punchlines:

(1) Several distinct subgroups of brown
dwarts have been 1dentified, whose
observational characteristics can be related to
distinct physical traits.

(2) Calibration of these characteristics will
make 1t possible to use brown dwarfs as
precise standard candles for Galactic
studies.
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Brown dwarf basics
Measuring diversity

Identifying Extremists

Diversity in the middle

The big picture
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meet your neighbors
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what 1s a brown

dwart?

Low-mass objects with properties
intermediate between stars and
planets.

“Failed stars” - form like stars,

found as 1solated systems, can host

their own planetary systems

Jupiter “Super-Jupiters” - do not fuse
hydrogen, sizes comparable to
Jupater, planetary atmospheres
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spectral types

M dwarfs (3500-2100 K)

magnetically active, only the youngest

brown dwarfs are classiied M-type

L dwarfs (2100-1300 K)

molecule-rich atmospheres contain clouds
of “hot dirt” and other condensates

T dwarfs (1300-600? K)

coldest known brown dwarfs, atmospheres

contain CH, and NH; gases
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How do we go about distinguishing brown

dwarfs with different physical properties
despite having the same spectral type/

luminosity/temperature?




measuring diversity
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2MASS J-H
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2MASS J-H

2.0

1.5

1.0

0.5

0.0

-0.5

T LA A

l A A A l A A A A

-
l A A A A

-0.5

0.0 0.5
2MASS H-K,

1.0 1.5

98 L3-L5 dwarfs

© 2009 Adam J. Burgasser



2MASS J-H
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2MASS J-H
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the “shrimp plot"
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extremists
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Normalized f,
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log,,0 (10 ¢cm?H, molecule)
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The bluest . & T dwarfs probe older and/

or metal-poor populations, including halo

brown dwarfs.




Spectral Type
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i “*~ 1 spectral indicators
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2MASS 1207-3932AB:
8 Myr accreting Brown Dwarf + “Planet”
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8-30 Myr brown dwarfs in the vicinity of the Sun
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The reddest . & T dwarfs probe very

young populations, sampling the low-mass

limits of star formation and nearby coeval

moving groups.




many shades of purple
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Condensation in BD Atmospheres
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2500

3000

At the atmospheric
temperatures and
pressures of late-M and
L. dwartfs, several
gaseous species form
condensates.

e.g.:

* TiO — Ti0O,(s), CaTiOx(s)
e VO — VO(s)

e Fe — Fe(l)

* S1O — S10,(s), MgSi04(s)

© 2009 Adam J. Burgasser



f T I T l T T T T T T l
12 H,0
10 — 2MASS1507-1627
| - - - 2MASS2224-0158
0.8: ----- T =1700 K, f =2 ;
o : Silicates? :
B
] B, ]
E o6 Blue L5 dwarf -
Z 1 Vo, i
[ (K =12)
04— -
U\'\; \\‘\\Ql \/ "I _,\,\\
.
| 7,
02 \" ..‘ ' N
i Red L4.5 dwarf
© Ch3 Ch4 (J'Ks = -1)
O-OI 1 1 1 1 1 1 A 1 1 | 1 i 1 ] 1 1 i | -
6 8 10 12 14

Wavelength (um)

Burgasser et al. (2008)

See also Cushing et al. (2006); Looper et al. (2008) © 2009 Adam J. B
am J. burgasser



12— . . . . . : . , ‘ . . -

2MASS J1126-5003

10. ne — — — 2MASS J2224-0158 (LA4.5)

08|

0.6

Normalized F,

"~ Red L4.5 dwarf
(K, = 2.1)

' Blue L5 dwarf
(JK,=1.2)

0.2}

0.01

10 15 20
Wavelength (um)

Burgasser et al. (2008)
see also Ackerman & Marley (2001); Knapp et al. (2004); Cruz et al. (2007); Cushing et al. (2008)
© 2009 Adam J. Burgasser



f..,=2,logg=55
— f.y=4,logg=55
ZMASS 1126-5003

‘\.w\ : /\\ /‘\

Normalized F,

“~_Thick clouds

““~ Thin clouds

0.0

1.0 1.2 1.4 1.6 1.8 2.0 2.2 24
Wavelength (um)

Burgasser et al. (2008)
see also Ackerman & Marley (2001); Knapp et al. (2004); Cruz et al. (2007); Cushing et al. (2008)
© 2009 Adam J. Burgasser



kinematic clues:
color as an age proxy
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kinematic clues:
color as an age proxy
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Unusually blue

binaries

Binaries with T dwart
companions can have
unusually blue colors and

subtle spectral peculiarities

e.g. 2MASS 0320-0446
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Color & spectral variations amongst L. & T

dwarfs can be linked to differences in

cloud properties, age, surface gravity,
metallicity and multiphcity.




the big picture

© 2009 Adam J. Burgasser




clouds, gravity, age,

metallicity, multiplicity

youth, local
moving
groups

subsolar
metallicity,

halo pop.
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a vision for the future...

Precise physical characterization of individual brown

dwarfs will allow these objects to be used as Galactic

standard candles.

Why?
* Large population

* Present 1n nearly all
environments

* Readily distinguished

* Detectable at “large”
distances

Distance standards
Temporal standards
Mass standards

Composition standards
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a vision for the future...
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a vision for the future...
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planetary systems
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robustly
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their distant brown

dwarf companion.
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Burgasser (2007)

see also Luhman et al. (2006); Mugrauer et HD 565 lABb
al. (2006); Liu et al. (2007); Leggett et al. KO+T8 +planet
(2008)

[MW/H]=0.12, age = 0.7-4.7 Gyr
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“The important thing in science is not so
much to obtain new facts as to discover

new ways of thinking about them.”

Sir William Bragg
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Thank you!




