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Importance to study the variability
Maps at different Depths

of the Brown Dwarf 
Atmosphere

“Onion-like” 3D 
Atmospheric Map

Light curves at
different wavelengths 

Ge et al. (2019)
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We want to use time-resolved 
spectroscopy data!!
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We follow the same 
scheme of color all the 

presentation
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Oliveros-Gomez + under 
review
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waves to explain 
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Fit sinusoidal functions

We use planetary-scale 
waves to explain 
possible bands or 
sports of clouds 

Best fit - 1 sin 

Best fit - 2 sin 

Best fit - 3 sin 

Dependence at 
different depths

We analyze how change the 
variability for the different 

molecular features at 
different regions of the 

atmosphere

𝐻2𝑂

𝐶𝐻4

𝐶𝑂
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All best fits:

4 sin

A object (L 7.5)
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All best fits:

4 sin

Flat residuals

A object (L 7.5)

6/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu



Best fits:
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Best fits:

3 or 4 sin

Not flat 
residuals

B object (T 0.5)

7/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu



# sinusoidal functions 

8/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu

# planetary-scale 
waves

Summary

Fit

Residu
al

=

A 
object 
(L 7.5)

B 
object 
(T 0.5)



# sinusoidal functions 

8/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu

# planetary-scale 
waves

Summary



# sinusoidal functions 

8/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu

# planetary-scale 
waves

Summary

Fit



# sinusoidal functions 

8/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu

# planetary-scale 
waves

Summary

Fit

Residu
al

A 
object 
(L 7.5)



# sinusoidal functions 

8/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu

# planetary-scale 
waves

Summary

Fit

Residu
al

A 
object 
(L 7.5)



# sinusoidal functions 

8/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu

# planetary-scale 
waves

Summary

Fit

Residu
al

=

A 
object 
(L 7.5)

B 
object 
(T 0.5)



Contribution function

Oliveros-Gomez + 
submitted

Modeled by 

picaso
Cloudy 
atmosphere

Teff=1300K
logg=5dex
fsed=2
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-- Clouds explain the variability Analysis
Variability 

increase with 
the depth

Oliveros-Gomez + 
submitted
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What happened here?Analysis

Oliveros-Gomez + 
submitted

12/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu

A object (L 7.5)



What happened here?Analysis

CO/CH4
Radiative 
convectio

n?

Thermochemi
cal 

instabilities?
Disequilibrium 

chemistry?

Oliveros-Gomez + 
submitted
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+ Disequilibrium chemistry?Cloud
s

The first 
observational 

evidence –using 
variability data-

of 
thermochemical 

instabilities?

Oliveros-Gomez + 
submitted

Analysis
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A object (L 7.5)



14/15Natalia Oliveros (JHU 3rd year graduate student) – noliver8@jh.edu

Discussion

Clouds Desequillibrium chemistry

Thermochemical 
fluctuations

Clouds feedback

Sonora models
Morley + 2024

Tremblin + 2016 Lee + 2024

T T

What say the models?

Our results are observationals and they are consistents with 
the models



Conclusions!!

Spectro-photometric 
variability

We can approach to understand the 
physics about, what happened in the 

interior of the atmospheres.

Clouds + Thermochemical 
instabilities?

103 bar

102 bar

10 bar

1 bar

0.1 bar

0.01 bar

𝑀𝑔𝑆𝑖𝑂3

𝑀𝑔2𝑆𝑖𝑂4

𝑁𝑎2𝑆

𝐶𝑂/𝐶𝐻4
Radiative 

convection?

Top of the atmosphere

.
.

. .
.

.
.

=

Oliveros-Gomez + 
submitted

We can infer cloudy structures using 
planetary-waves

We need more than 1 rotation to extract 
more physical characteristics
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=



THANKS FOR 
YOUR 

ATTENTION

Questions?

noliver8@jh.edu



Light curves Example 
of B 

object
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Number of sinusoidal functions

Statistical tests

-- F-test
-- AIC
-- BICApai et al. (2021)
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Example 
of B 

object
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CH4 and H2O

Correlated

CO vs CH4 and H2O
nocorrelated





Pascal et al 
2021



Chen et al 2025 McCarthy et al 
2024
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