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® clouds and weather on brown dwarfs
® imaging of exoplanets and circumstellar disks
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Rotational monitoring can
reveal clouds and spots




Early detection of variability from
patchy clouds on brown dwarfs

P=24hr amplitude = 0.5%
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Spitzei* Exploration Science Programs (all post-cryo!): =
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Result: all L dwarfs and majerity of T dwarfs are spotted.
r Metchev et al. (2015)



Spectroscopic variability of L and T dwarfs

2MASS 2139-0220 (T1.5):

J—bond Light Curve

HST/WFC3 grism
spectroscopy

Rel. Flux Density [F,]

Apai et al. (2013)



Spectroscopic variability of L and T dwarfs
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Clouds reside mostly below t~1 level

in the 1.4 ym water band of T dwarfs
T=1300 K, log(g)=4.5, f..4=3

T dwarf clouds
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Luhman 1 6B relative flux contributions (Buenzli et al. 2015; Karalidi et al. 201 6)




Continuous R = 4000 spectroscopy of brightest
T dwarf: determining accurate cloud heights
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Bluer potassium doublet is not affected by variations,
while redder one is: clouds are near P ~ 3 bar
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Potassium absorption in the red doublet is
stronger in the faint state: a potassium haze?
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Surface Asymmetries produce net polarization

Symmetric Band Spot

Day-Night Rings Flattening
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de Kok et al. (2011)




Linear polarization fraction can indicate grain sizes
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VVeather on bro
Some new ﬁ

® VWhere do clouds reside -ri"‘brown dwarfs!?
® Near the P = 3 bar in T dwarfs, at P< 1| barinL
dwarfs.

® VWhat is their composition?
® Potassium haze above cloud?
® ~ | micron grains



5| Eridani:a 20 Myr-old debris
disk host with a Jupiter-like planet

GPI/H-band GPI/J—=band NIRC2/L'—band

5| Eridani planetary system architecture:
® 5.5 AU asteroid belt analog (Patel et al. 2014)
® verified with Subaru/COMICS
® |3AU,~2 M- Planet (Macintosh, GPIES team 2015)
® 80 AU Kuiper belt analog (Riviere-Marichalar et al. 2014)




Extreme Adaptive Optics Imaging of

a 5 million year-old planet-forming disk

P3K + PHARO
June 2012

H band + 0.4" corona

H-band Strehl ~ 52%; f,, = 1.1 h
V=7.1 mag

HST/NICMOS F110W; texp = 0.3 h
Wahl, Metchev et al. (20 I3) (Weinberger et al. 1999)



20 AU =
0.2 arc sec

T =

+Radial polarized intensié)" (Stokes Qr) image

Bruzzong@et al. (in prep.)



IR facilities of interest on
Subaru

MOIRCS or SWIMS: multi-object 0.9-2.5 micron spectroscopy enables
simultaneous calibration of telluric variations in brown dwarf spectra.

es the peak of the condensate

' Ijres.
IRou

.HT/S

. "hﬁ'a‘ll‘ng and spectroscopy of
exoplanet systems.

COMICS: circumstellar debris disk imaging and spectroscopy.
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Cloud structures are increasingly

complex at cooler temperatures
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VVe would really like to do this
on directly imaged exoplanets ...

Marois et al. (2010)
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revealed a two-

temperature surface

® |/Ks-band >
amplitude ratio is g
not unity

o Af~ | O% change ° e SIMP0136 %#
in cloud fill factor B

® combination of
grain-free and 20 F comporison stor
~100 K cooler )50 055  0.60 0.65
cloudy regions JD — 2 454 814

Artigau et al. (2009)



