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Ultra-cool dwarfs

Giant
Exoplanets

For solar Up o ~13X
metallicity Jupiter’s mass
(not always orbiting a more massive
companion)

Brown
Dwarfs

~13x-72x
Jupiter’s mass

Very low-mass stars

(Fueled by Nuclear Fusion)

72x-80x
Jupiter’s mass

Credit: NASA/Caltech/R. Hurt



Variability monitoring to probe weather in unresolved worlds
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Every Wavelength Tells a Tale

/“ﬁ

UV (Hubble) Vis (Hubble) Near-IR Aurora
0.3-0.4 pm 0.5-0.8 pm 2 uym 3-4 um

-

Deep Clouds Stratosphere Troposphere Radio
S pm 7 pm 8/10 pm 100-1000 pm

(Fletcher et al. 2023)



The Pioneering Years: Optical Hints
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Evolution of dusty photospheres through red to brown dwarfs:
- how dust forms in very low mass objects

T. Tsuji', K. Ohnaka!, W. Aoki!, and T. Nakajima?Z

| Then, a fog of corun-
dum or of other Al-containing mineral such as sapphire will
appear, clouds of iron or silicate may be formed, and even
rain (but not of water!) may fall in real dusty photospheres.

- == and planets. Now the method of meteorology should be

A search for variability in brown dwarfs and L dwarfs

The rotation period of a very low-mass star in « Persei C-AL. Bailer-Jones and R. Mundt
\ rol \
E L. Martin and M. R. Zapatero-Osorio . .
P Searching for weather in brown dwarfs
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Early multi-wavelength studies

Dust clouds or magnetic spots? Exploring the atmospheres Optical variability of the ultracool dwarf TVLM 513-46546: evidence for
of L dwarfs with time-resolved spectrophotometry inhomogeneous dust clouds*

C. A. L. Bailer-Jones™ S. P. Littlefair,'{ V. S. Dhillon,! T. R. Marsh,? T. Shahbaz,? E. L. Martin*
and C. Copperwheat?
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VARIABILITY IN BROWN DWARFS: ATMOSPHERES AND TRANSITS

J. A. Caballero'? and R. Rebolo!*
JHK  time-series observations of a few ultracool dwarfs

0.6 T T T T T T T T T T T T T T T

C. Koen,!"?* T. Tanabé,> M. Tamura* and N. Kusakabe’

The M8.5 object SSSPM J0109-5101 has recently
been shown to be both a periodic and a flaring s | ]
variable, based on optical observations in the f
extreme red. More than 16 h of monitoring in the T ‘
near-infrared (NIR) reported here failed to show any
variability.
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Variability in Young Brown Dwarfs

Photometric variability of a young, low-mass brown dwarf*

M.R. Zapatero Osorio', J. A. Caballero?, V.J.S. Béjarz, and R. Rebolo??
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Also, an intriguing ~46 min variability.
Hints for pulsations due to deuterium
burning? See Palla & Baraffe (2005)
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Photometric variability of young brown dwarfs
in the o Orionis open cluster

J. A. Caballero!, V. J. S. Béjarl, R. Rebolo!Z2, and M. R. Zapatero Osorio’
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Rotation Statistics & Angular Momentum Evolution Studies

Rotation periods for very low mass stars in the Pleiades

A. Scholz* and J. Eisloffel
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Across the Spectrum: Optical, Infrared... and Radio

PERIODIC BURSTS OF COHERENT RADIO EMISSION FROM AN ULTRACOOL DWARF

G. HALLINAN,' S. BOURKE,' C. LANE," A. ANTONOVA,”> R. T. ZAvALA,> W. F. BRISKEN,* R. P. BOYLE,’
F. J. VrBA,» J. G. DOYLE,” AND A. GOLDEN'
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SIMULTANEOUS MULTIWAVELENGTH OBSERVATIONS OF MAGNETIC ACTIVITY
IN ULTRACOOL DWAREFS. I. THE COMPLEX BEHAVIOR OF THE M8.5 DWARF TVLM 513—-46546

E. BerGer, "> J. E. Gizis,* M. S. Giampara,” R. E. RutLepce,® J. Liesert,” E. MarTin,®® G. Basry,'°
T. A. Fueming,” C. M. JOHNS—KRULL,11 N. PHAN—BAO,9 AND W. H. SHERRY’
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Variability is everywhere
and it has many origins.

PERIODIC RADIO AND Hoa EMISSION FROM THE L DWARF BINARY 2MASSW J0746425+200032:
EXPLORING THE MAGNETIC FIELD TOPOLOGY AND RADIUS OF AN L DWARF
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When the Eye Needs Help: Variability Detection Tools
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Infrared Breakthroughs: SIMP J0136+0933 (T2.5)
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relative fluy

Pushing Fainter: Late-Ts and Ys

W1738 Y,J=19.9,19.6
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WISEP J173835.52+273258.9
(YO, J=19.8; Leggett et al. 2016)

* Jypically > 16 mag.
* Variability amplitudes < 1%

8-m class telescopes or
space telescopes needed.
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Space Telescopes Join the Hunt!

DENIS—P J0255-4700
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TESS Lightcurve and Planetary—scale Waves Model for Luhman 16AB

Variability studies in young regions:
* Scholz et al. (2018): K2 + Taurus

Rebull, et al., (2020): TESS + Taurus

Kumbhakar, et al., (2023): TESS + Taurus

Ghosh, et al., (2024): TESS + IC 348

Lambier et al., (2025): TESS + ABDMG, Argus, Carina

Apai et al. (2021)
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Spitzer’s Pict
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From Spots to Phase Shift
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What We Learned from Surveys
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Spectroscopic variability
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Diversity in Spectroscopic Variability

WISEP J004701.06+680352.1 (L6 Lew et al. 2016)

1.06 1.06
L, -y T S Y 2M2139 SIMPO136
1,00 fe voofl i T 1-2[A=1.12-1.17 um (H,0 ond olkoli) 1.04[X=1.12-1.17 um (H,0 ond alkali)
S .98 N 1-1f \ . 1.02 |
. 0,96 |-+ e
0.94 | ST 094 TR T 1.0f 7 1.00f $’0 .% }
- e - g WP s s Rosiual (Data-Sie ) 092 T \ , >~
5 001 ‘ ‘ ‘ ‘ ] 0.90 ‘ ‘ ‘ ‘ 0.9F - 0.98} 'In‘y
5 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 L o
T 106 : : : : 1.06 : : : : 0.8 0.96
5 lodpg e g A=121-132um (narrow.J) 104} A =135 = 1.43um. (H20) | 1.2 A=1,21-1,32 um (narrow J) 1.04 A=1,21-1,32 um (narrow J)
ERR e . Lopjge @ TER 1-1/ ~ . 1.02 d
“  1.00 I il <% 1.00 i - i S o s
§0_98,,,,,,,,,,,,,,,,,,,,,,,,,, 098] N 1.0F L 1.00}f S, m
€ o096l R 0.06| \ i
s 0.9} 7 | 0.98} o
o 004 0.94 -
%092 092 %‘0,8 %‘0,96
g 9.0 0.2 0.4 0.6 0.8 1.0 %90 0.2 0.4 0.6 0.8 1.0 S 1.2 A=1,35-1,43 um (H,0) H 1.04 A=1,35-1,43 um (H,0)
& 1.32 | A = 1.54 — 1.60pm (narrow H) 122 | A = 1.62 — 1.69um (CHy & H,0) ; 1.1 f’ . ; 1,02m -
1.02 102 jig B o ; 10F \ \ ~ - ; 1.00F o@s ‘ﬁ. “-
100 foome Ny 1.00 1] o 2
0.98 b N 0.98F NG % 09 ot T % 0.98t W b
0.96 |-+ oo A 0,96 |- BN , §0.8 §0.96
094 | oo T e 0.94 | T e o
0.92 Lo ] 0.92 L z 1.2 A=1.54-1,60 um (narrow H) z 1.04 A=1.54-1.60 um (norrow H)
9.0 0.2 0.4 0.6 0.8 1.0 9.0 0.2 0.4 0.6 0.8 1.0 1.1 r \ ] 1.02 o .q-
Phase (Period=13.20 hours) 1.0 \ / i 1,00 %;'.. W i
®
0.9F . 0.98} °V
[F127M (\y=1.27pum) | | | | 0.8 0.96
< 1.05f HD20303OB 1.2 \=1.62-1.69 um (CH, ond H,0) 1.04['3=1.62-1.69 um (CH, ond H,0)
S * 1.1 F - 1.02 h
z 1.00#«% . ﬁ ‘## m .“ I N\ 4
: 1.0f - 1,00} o, O,
- \ P> .\\ *
B 0.95 Comparlson 0.9 - - 0,98} ‘.&f -
Z ¢ “’ 0.8 0.96
0.90 F¢$ #ﬁ# **& #‘3 ﬁt* * 00 0.2 04 06 0.8 1.0 0.0 0.2 04 06 08 1.0
|.. | t/ (P =783h) t/ (P =239 h)
F139M Ag=1. 39;Lm | | :
. 1.05] i HD2030308 T2 dwarfs (Apai et al. 2013)
2 100 * £ - H*
L 1.00 # ?
g 0.95} Comparlson
Z ; ¢ . { e +§¢+ ]
o908 3} m W oG
[ N P B B R R B

0 1 2 3 4 5 6 7 8
Time (h) HD 203030B (L8; Miles-Paez et al. 2019)



From Detections to Diagnoses: JWST and Variability

Diversity of Observing Modes
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Luhman 16A and B: No Two Wavelengths Alike

1650 (B|”er et al. 2024)
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Luhman 16A and B: No Two Epochs Alike
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From Light Curves to Weather Maps

NIRSpec Spectral Variability Map
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SIMP J0136+0933: Different Layers, Different Stories
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Also, time-resolved atmospheric
retrievals in Nasedkin et al. (2025)

More on JWST results in the talks by
Jared Bull and Natalia Oliveros GomeZz!



Doppler imaging: When Variability Becomes a Map
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Doppler imaging: When Variability Becomes a Map
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Take-home messages

Studying brown dwarf variability has been a mix of careful technique and serendipitous discovery.
Sometimes we know what we are looking for, sometimes the objects surprise us.

L (Lambier et al. 2025) Literature:
- Lu 2022
102k i | Shan 2024+
e Variability is ubiquitous in brown dwarfs. : :'% Ramsay 2020
* Rotation reveals how brown dwarfs spin up with age, . [ HER! sztgz 281?
losing angular momentum only moderately compared to % 10tk | HIAIE Petrucci 2024
stars. o ' |" ‘ Seli 2021
e Multi-wavelength variability probes clouds, temperature 3 H | Fontinele 2024
: : : . = 11 | : Miles-Paez 2023+
gradients, chemistry, and magnetism in 3D. 5 100k t1RIRIRE
e Brown dwarfs as exoplanet analogs — with JWST and - : S 3 .- .
ELTs turning light curves into weather maps. ! R .t
10-1L This Work: $.°0 oo,
f «  Periodic ol
«  Possibly Periodic
1 1 1 1 1 1 1 1 1
Kb K5 MO M5 LO L5 710 715 YO
What’s Missing? Spectral Type

e More Y dwarf rotation periods! Is there a Y-dwarf analogue to the L/T
transition peak in variability?

e How slowly/fast can field brown dwarfs rotate? Pulsations?
e Variability studies in subdwarfs.
o Potential correlations between radio and optical/IR variability.

e Sun-like magnetic cycle analogues?



