Modelling the spectra of brown
dwarfs [and how data drove most
updates]

An outlook for exoplanets in the JWST + ELTs era.....

Dr. Theodora Karalidi
University of Central Florida
Atmospheres, Atmospheres!

Do | look like | care about atmospheres?
08/27/2021



Introduction

Brown dwarfs
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Introduction

Brown dwarfs
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* Not failed stars, just rogue
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Introduction

Brown dwarfs

e Similar to imaged exoplanets
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Introduction

Brown dwarfs

e Constrain atmospheric properties
is crucial for:

* constrain formation (see next talk -
Paulina Palma-Bifani)

* understanding atmospheres (see
Callie Hoods’s talk)

e constrain evolution with time

* Need good RT and retrieval
algorithms

* But RT and retrievals are as good as
our data are...see next slides
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RT ingredients

Radiative Transfer
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RT ingredients

Radiative Transfer
« TP

* Composition
(equilibrium/disequilibrium)

* Clouds (Y/N)
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Feedback from observations

Mismatch with observations

e Often models don’t match
Ny ?

observations. W
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Feedback from observations

Observations

* Spitzer, HST gave new insights in
these atmospheres

* Time-resolved observations
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Feedback from observations

Observations

* Some atmospheres vary with

time....
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Feedback from observations

Observations

* ALL atmospheres are variable

Spectral Type
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Feedback from observations

Observations

* ALL atmospheres are variable

* Imaged exoplanets/ planetary
mass companions also variable
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Feedback from observations

Observations

 Spitzer, HST gave new insights
in these atmospheres

* Highly variable 2 maps =2
atmospheric dynamics
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Feedback from observations

Observations

* Observational constraints on GCMS
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Feedback from observations

Observations

* We should have known... Always look back at the Solar system
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Feedback from observations

Mismatch with observations

FIRE
HST

Luhman 16A' — Observations Vs Model
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e Often models don’t match
observations. Why?
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7, (mJy)

Feedback from observations

* Models need updates

Y J H K

Mismatch with observations
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Updates

Radiative Transfer updates .«

TP &> Composition

* Post-processed spectra can match 0]
data; need caution 10f
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Updates

Radiative Transfer updates .+

TP &> Composition

* Post-processed spectra can match 0]
data; need caution 10f
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Updates

Radiative Transfer updates

TP &> Composition

* Post-processed spectra can match

data; need caution
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Updates

Radiative Transfer updates
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Updates

Radiative Transfer updates
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Radiative Transfer updates
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Radiative Transfer updates

Ter=1000 K ; l0g(K,)=7
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Radiative Transfer updates

Updates

Ter=1000 K ; l0g(K,)=7
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Updates

Radiative Transfer updates

* Clouds crucial for atmospheres

* Mismatch spectra

* Need more complex clouds
(variable f;.4, variable profile
with altitude)
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Updates

Radiative Transfer updates

L. <1012 Teff=1700K, logKzz=6, [M/H]=0, logg=4.0 (102 Teff=1300K, logKzz=6, [M/H]=0, 4=1.03
9.0 7 -

- ~=1.03 — logg=3.5
—_ =105 ~ 1
— =11

* Complex chemistry due to
convection can reproduce
variability
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Polarimetry

* Already accessible from
ground

* Sensitive to atmosphere
(micro)physical properties

* Can break degeneracies (maps,
clouds vs chemical changes)
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Updates

| [
| O a rII I Ietry p=0.018% y =90" p=0.030% y=90° p=0.012% ¥ =90°

* Comparison of observations

One band Two bands Luhman 16A Three bands

against RT models help detect WSasaramaREII) +-om0n v-rw_ psooons
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* Pictured oblateness has been inflated by a factor of 30 for display purposes Luhman 16A

* Models sensitive to atmosphere
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High resolutions models

Why high resolution?
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Introduction RT ingredients Feedback from observations Updates

High resolutions models Future
Why high resolution?
* Probing 3D structure of the
atmosphere
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Why high resolution?

 Not visible in HST

Maximum and min spectra 2M2208+2921
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Introduction RT ingredients Feedback from observations Updates High resolutions models Future

Future outlook

e JWST + VLTs+ ELTs will give us
more, better data; expect to be
surprised

* It’s not the data, it’s your model!

e Updates in RT codes far from
done

ESO - ELT
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Questions?
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