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HR8799 bcde

5-9 MJup

We have discovered ~30 directly imaged exoplanets

Gemini Planet Imager

….. and >100 free-floating planets

PSO J318.5-22

7 MJup

2MASS All-Sky-Survey



…and ~1000s of brown dwarfs



Giant Extrasolar Worlds

< 13 x Jupiter mass < 80 x Jupiter mass > 80 x Jupiter mass



Variability Monitoring Allows us to Probe “Weather” in Unresolved Worlds

Simon et al. 2016



Astronomische Nachrichten
Astronomical Notes

Editors

K. G. Strassmeier (Potsdam/Editor-in-Chief),
A. Brandenburg (Stockholm), G. Hasinger (Honolulu),
R.-P. Kudritzki (Honolulu), T. Montmerle (Paris),
H. W. Yorke (Pasadena)

Special issue: Cool Stars 17
Guest Editors: Mercedes López-Morales and Klaus G. Strassmeier

Volume 334 · 2013 · Number 1–2 · February

www.an-journal.org

01–02
2013

Founded by H. C. Schumacher in 1821

ISSN 0004-6337 Astron. Nachr., AN
Berlin 334, 1–2 (February), 1–192 (2013)

First Splinter Session on Variability, Cool Stars 17



Theoretical and Observational Evidence for Clouds Led to First Searches for Variability Monitoring

Tinney & Tolley 1999 Zapatero Osorio et al. 2003



First Robust Detections of Variability in L/T Transition Brown Dwarfs

SIMP 0136 (T2.5)

Artigau et al. 2009

2MASS 2139 (T2.5)

Radigan et al. 2012



Large Surveys Show that Variability is Common at all Spectral Types

Radigan et al. 2014
See also: Metchev et al. 2015 See also: Liu et al. 2024

Vos et al. 2022

..and that variability is enhanced for low-gravity objects

SIMP 0136



Apai et al. 2013

Spectroscopic Variability Reveals Vertical Atmospheric Structure

SIMP 0136



The Isolated Giant Planet Analog SIMP 0136

SIMP 0136

• ~1100 K 
• 200 Myr old 
• 11-14 MJup 
• Variable (5%) 
• 2.4 hr period 
• 90° inclination 
• Auroral emitter

SpeX AKARI Spitzer/IRS

Vos et al. 2023
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Vos et al. 2023

Mg2SiO4

Fe

The Isolated Giant Planet Analog SIMP 0136

Vos et al. 2023



JWST is revolutionising the field of exometeorology




Complementary JWST Programs Probe Extrasolar Weather



JWST NIRSpec + MIRI Spectra of an Isolated World: SIMP 0136

~5700 NIRSpec spectra

~600 MIRI spectra

McCarthy, Vos et al. in prep

Allie McCarthy

Boston University

Monday Splinter

Look out for Program #1209 for NIRISS monitoring (PI: Artigau)



JWST NIRSpec/Prism Monitoring Reveals Highly Complex Weather

McCarthy, Vos et al. in prep



Evidence for Variability Driven by Upper Atmospheric Heating

Morley et al. 2014

00



Light Curve Behaviours Correlate with Pressure
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7 NIRSpec Clusters

McCarthy, Vos et al. in prep

2 MIRI Clusters



Closest Brown Dwarfs WISE 1049AB Straddle the L/T Transition

Biller et al. 2013

A B

Filipazzo et al. 2015

cloudy clear



Global Weather Cloud Map of WISE 1049B

Crossfield et al. 2014



Crossfield et al. 2014

Global Weather Cloud Map of WISE 1049B

H-band

K-band

Chen et al. under review

Xueqing Chen

U Edinburgh



Variability (%) Variability (%)

WISE 1049B Shows Highly Complex Variability from 1-14 micron 

Biller, Vos et al. accepted

NIRSpec MIRI

PI: Biller, Animations by N. Whiteford



Light Curves Highlight Wavelength Dependent Behaviour
WISE 1049A WISE 1049AWISE 1049B WISE 1049B
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Biller, Vos et al. accepted

Like SIMP 0136, we find pressure-dependent light curve 
behaviours

Unlike SIMP 0136, we don’t see evidence of hot spots in 
the variability signature



Clouds

Aurorae

Chemistry

Winds



Summary & Future work

JWST variability monitoring reveals highly complex weather in the 
atmospheres of SIMP 0136, WISE 1049AB.

Look out for future papers applying forward modelling, retrieval 
and mapping techniques to these data.

We find pressure dependent light curve behaviours in all three 
targets.

We find variability driven by upper atmospheric heating in our 
auroral target SIMP 0136.


