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Brown Dwarfs
Late-M        L           T          Y

~2200-1300 K

~1300 - 500 K
<500 K

~3000 -2200 K

• Masses between 
those of stars and 

planets 

• All have radii of 
~1 RJup, but are more 

massive
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• Theoretical inverse spectral modeling technique that makes minimal assumptions about the 
physics involved


• Developed from remote sensing for Earth and solar system objects 


• Many Exoplanet atmospheres examined

• Transiting exoplanets

• Directly imaged exoplanets


• Brown dwarf retrievals are relatively new

• CHIMERA- T and Y dwarfs

• Brewster- L and T dwarfs

• Helios-r2- T dwarfs

• Modified HyDRA- Single T dwarf

• PETRA- 2 transiting brown dwarfs

A brief History of Atmospheric Retrievals
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Why Retrievals with Brewster?

Retrieved spectrum fits better 
than model grid spectrum

Burningham et al. (2017) 

Brewster was built with cloudy 
brown dwarf atmospheres in 

mind
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Uniform-with-altitude vs thermochemical equilibrium

Retrieve individual gas 
abundances

Uniform-with-altitude 
(VMR)

Assume gas abundance is the 
same no matter the altitudeVMR

Retrieve metallicity 
and C/O ratio

Thermochemical 
equilibrium (CE)

Gas abundances from 
thermochemical gridCE
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Location of cloud opacity could be related to J-K color

J-K colorRed Blue

Gonzales et al. (2020)Gonzales et al. (2020)Gonzales et al. (2020)
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Comparison to the Models

Power-Law Deck Cloud is the winning model, but another cloud is indistinguishable…..

J               H                   K

H band J band

Low metallicity atmosphere

Issues with uniform-with-altitude assumption

Iron 
condensed! 
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J1526+2043: Grey Deck Cloud, CE

• Tightly constrained cloud 
top and height

• Iron or corundum cloud

• PT profile agrees with 
J1416A in upper 

atmosphere

• Cloud opacity affects small 
amount of the J band]Profiles agree

• PT profile does not agree 
with models

Spectral Type  
Comparison

Gonzales et al. (in prep)
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Runner Up: Power law Deck Cloud

𝛼 is degenerate with cloud height and  
can mimic the effect of a grey cloud
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J1539-0520: Cloud free?!,VMR

]Wider photosphere 
than J1416A

Typically indicates a 
cloud

Median profile 
cooler than models

Some overlap

Temperature  
Comparison

Gonzales et al. (in prep)
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J1539-0520: Comparison to the models

Cloudy grid model fits 
better than the cloud-free! 

Retrieved Teff  ~1840K

Iron is 
condensed!

NIR data alone is unable to fully constrain the cloud properties
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MIR Wavelength coverage can distinguish cloud species

Profile matches grid model predictions much better

Burningham, Faherty, Gonzales et al. (2021) Burningham, Faherty, Gonzales et al. (2021)

61 models tested!!



Wavelength coverage can drastically change the 
shape of the PT profile

NIR Only

NIR+MIR

Burningham, Faherty, Gonzales et al. (2021)



Retrievals Gang!
Retrieving: 

• Variable brown dwarfs 
• Planetary mass Objects 
• Subdwarfs 
• Young brown dwarfs 

AND More!

All kinds of clouds!
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Conclusions
2MASS J1416A prefers a cloud model, but indistinguishable 
between a deck or slab cloud parameterization

MIR data is necessary to best constrain cloud properties

Degeneracy between power law value (𝛼) and cloud decay 
height

𝛼

The location of the 𝜏=1 cloud opacity relative to the gas opacity 
could be related to an object’s J-K color




