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| Small, rocky planets. Around the size
3 0 % of our home planet, or a little smaller.
GAS GIANT

The size of Saturn or Jupiter (the largest
planet in our solar system), or many times
bigger. They can be hotter than some stars!

39%
NEPTUNE-LIKE

Similar in size to Neptune and
Uranus. They can be ice giants,
or much warmer. “Warm”
Neptunes are more rare.

31%
SUPER-EARTH

Planets in this size range between Earth and

Neptune don't exist in our solar system. |
- Super-Earths, a reference to larger size, might

be rocky worlds like Earth, while mini-Neptunes

are likely s:hrouded in puffy atmospheres. P L AN E T S F O U N D







We have discovered ~30 directly imaged exoplanets

2009-08-01

20 au

Gemini Planet Imager

HR8/799 bcde

5'9 MJup

..... and >100 free-floating planets

PSO J318.5-22

/

2MASS All-Sky-Survey

PSO J318.5-22
7 MJup



~...and ~1000s of brown dwarfs




Giant Extrasolar Worlds

Planets &
Exoplanets

Stars

(Fueled by Nuclear Fusion)

Brown
Dwarfs

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



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

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

Searching for weather in brown dwarfs Photometric variability of a young, low-mass brown dwarf*
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First Robust Detections of Variability in L/T Transition Brown Dwarfs

SIMP 0136 (T2.5)

2MASS 2139 (T2.5)
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Large Surveys Show that Variability is Common at all Spectral Types

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

@ Non-detection
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Radigan et al. 2014
See also: Metchev et al. 2015
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Vos et al. 2022
See also: Liu et al. 2024



Spectroscopic Variability Reveals Vertical Atmospheric Structure

Thin and Thick Cloud Patches
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Apai et al. 2013



The Isolated Giant Planet Analog SIMP 0136

~1100 K

200 Myr old
11-14 Muup
Variable (5%)
2.4 hr period
90° Inclination
Auroral emitter



The Isolated Giant Planet Analog SIMP 0136

SpeX AKARI Spitzer/IRS

—— SIMP0136 data
—14 - Retrieved Patchy Forsterite Slab, Fe Deck

~1100 K

200 Myr old
11-14 Muup
Variable (5%)
2.4 hr period 10
90° Inclination

Auroral emitter 0 | | ' Y
10 10

Wavelength / um

Fy/Wm=?um=1

Vos et al. 2023



log(P / bar)

The Isolated Giant Planet Analog SIMP 0136
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Complementary JWST Programs Probe Extrasolar Weather

Dancing 1 - 14 micron spectra to solve . .
J 'SP PI: Niall Whiteford
the cloudy and chemical puzzle of .
. Co-Pl:Yifan Zhou
brown dwarf variability

Exometeorology: Weather on an .
- Isolated World Beyond Our Own FHc R L2 ‘

Clouds or Chemistry?: Pinpointing the

drivers of variability across the L/T . :
transition via the benchmark L/T 7l: Beth Biller
binary WISE 1049AB

Monitor a variable planetary mass e
companion with NIRSpec IFU S




JWST NIRSpec + MIRI Spectra of an Isolated World: SIMP 0136
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10-14 - —— MIRI/LRS |
~5700 NIRSpec spectra
3 Allie McCarthy
S N Boston University
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E
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Look out for Program #1209 for NIRISS monitoring (Pl: Artigau) McCarthy, Vos et al. in prep




JWST NIRSpec/Prism Monitoring Reveals Highly Complex Weather
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Evidence for Variability Driven by Upper Atmospheric Heating
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Relative Flux
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Light Curve Behaviours Correlate with Pressure
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Closest Brown Dwarfs WISE 1049AB Straddle the L/T Transition

Biller et al. 2013
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Global Weather Cloud Map of WISE 1049B

4.1 hr 0.0 hr

3.2 hr 0.8 hr

2.4 hr 1.6 hr

Crossfield et al. 2014



Global Weather Cloud Map of WISE 1049B
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WISE 1049B Shows Highly Complex Variability from 1-14 micron
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JWST/NIRSPec

Light Curves Highlight Wavelength Dependent Behaviour

WISE 1049A WISE 1049B WISE 1049A WISE 1049B
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Summary & Future work

JWST varlablllty monltorlng reveals hlghly Complex weather in the

atmospheres of SIMP 0136,

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

WE fihd variability driven by upper atmospheric heating in our
‘auroral target SIMP 0136. '

Look out fdr future papers applying forward modelling, retrieval
and mapping technigues to these data.



