
Atmospheric Modeling & Retrieval of Cool Y Dwarfs
joezalesky@asu.eduJoseph Zalesky, Michael R. Line, & Adam C. Schneider

Motivation
• Characterizing the atmospheres of brown dwarfs and exoplanets via their 

spectra allows us to obtain constraints on their physical and chemical 
characteristics. To do this accurately, well-developed physical models are 

needed to bridge observations and theory.
 

• By developing an atmospheric retrieval model with the richer brown dwarf 
dataset, we aim to lay the ground-work needed to accurately characterize 
the upcoming, higher quality datasets from instruments such as JWST and 

TESS.

Forward Model

ReferencesResults

• To obtain constraints on the physical parameters 
(thermal profiles, composition, gravity) for a set of 22 late-T 

and early-Y spectral type brown dwarfs.

• To search for evidence of interesting 
non-equilibrium processes via compositional signatures.

• To further develop our atmospheric retrieval forward model 
by using this dataset as a “test-bed” to search for any possible 

missing physical processes.

Goals

Figure 1: Hubble Space Telescope WFC3 observations of 
WISE2220-3628; a Y0 spectral type brown dwarf (blue). Overlaid is 

our model’s best �t (green). The dataset analyzed in this work 
comprises 21 similar objects[2].
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Figure 3: Graphical overview of our forward model.

• Begins with initial conditions for both the atmosphere from 
grid-based models, and the effect of 

instrumental parameters.

• Forward radiative model is a derivative of CHIMERA[3,4]. Com-
putes 1D, disk-integrated, emission spectrum using 

constant-with-altitude volume mixing ratios for H₂O, CH₄, CO, 
CO₂, NH₃, H₂S, and alkali metals.

• Composition, thermal profile, gravity, cloud properties, and 
an instrumental bias term are all free parameters 

(27 in total)[5].

• Temperature profile calculated via 15 different 
non-scattering slabs. Spline-interpolation done to increase 

resolution to 70 slabs before being passed to 
radiative transfer.

• Uses modern MCMC techniques to converge upon the 
maximum-likelihood solution[6].
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Figure 4: Output quantities pertaining to the physics and 
chemistry of the atmosphere.
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• Obtained good constraints on 6 objects’ compositions, temperature pro-

files, and gravities. Remainder of dataset still in-prep (Zalesky et al. 
2017).

• An overall decrease of alkali abundances (Na₂S,KCl) as the photosphere 
becomes cooler has been predicted by previous “rain-out” paradigm work[8] 

and has been a favorite of how to treat condensate chemistry in brown 
dwarf atmospheres[9,10]. Here we detect the continuing trend[5] of alkali 
depletion as one moves to cooler temperatures, thus confirming this 

theory. Using our model, We are thus able to retrieve direct evidence for 
atmospheric disequilibrium chemistry from current brown dwarf spectra.

• Equilibrium chemistry predicts that NH₃ should decrease by greater than 
an order of magnitude over our temperature range[11]. The lack of such a 
trend in our NH3 abundances may also point to upwelling of ammonia 

into the upper parts of the atmosphere, however further analysis is 
needed to confirm this.Figure 5: Abundances vs. Te� for a previous study of mid to late T dwarfs (blue), and our 

new results (red). Note that alkali are not detected for cooler e�ective temperatures.
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Previous Work

Though we do not expect clouds to have a signi�cant 
impact on our spectra[7], the model does not exclude 

them as a possible impactor.

Figure 1: Figure adapted from Line et al. (2016) for the T-Dwarf 
Gl570D. Red shows a typical retrieval using our model compared 

to the blue grid-based models[1] with corresponding residuals. 
Even at a visual level, the retrieval model better-�ts the data.


