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About half show some variability, 
typically a few percent
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Gelino et al. (2002)
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preliminary results from the Weather on Other Worlds Spitzer Exploration Science 
survey (Metchev et al. 2013, in preparation)
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What is Varying?
Three Objects:

2MASS 2228 T6.5 (Buenzli et al.)
2MASS2139 T1.5 (Radigan et al.)

DENIS XXX L2 (Heinz et al.)
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2MASS 2228 T6.5 (Buenzli et al.)
Thermal Variations (?)



Buenzli et al. (in press)

HST Near IR + IRAC Observations of T6.5 Dwarf



Buenzli et al. (in press)

amplitude: 
2>3>1>5



Buenzli et al. (in press)

amplitude: 
2>3>1>5

Phase shift and 
amplitude hard to 
explain only with 

clouds



Implies T perturbation near 1 to 5 bar
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Greatest amplitude
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Light Curve Does Evolve

Buenzli et al. (in press)

What is driving T perturbation?
Origin of vertical shear?



2MASS2139 T1.5 (Radigan et al.)
Cloud Variations (?)





Marley et al. (2010)

1200 K
25%







3x exaggerated

Radigan et al. (2011)

About 25% 
cloud holes

2MASS2139 T1.5



DENIS XXX L2 (Heinz et al.)
Cloud + Thermal Variations (?)



Heinz et al. (in prep)

DENIS XXX L2 (Heinz et al.)

J band 2x 
larger Plot Redacted





Marley et al. (2010)

Teff= 1400 K



Conclusions
• Era of brown dwarf weather is here now

• Variations may be temperature, clouds, 
perhaps chemistry?

• Thermal changes, cloud opacity, rotation, 
vertical flows, dynamic and radiative time 
scales all matter

• Pulsations? (Marley et al. 1987)


