Giant Storms on Brown Dwarf VHS 12568
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VHS 12568 has the largest observed variability amplitude (nearly 40% at 1.27 micron) and an extremely red NIR color, indicating
vigorous cloud formation in its atmosphere.

HST/WFC3 cross epoch light curves (Zhou+2022) Spitzer 4.5um light curve (Zhou+2020) JWST Spectrum (Miles+2023) J-K CMD (Miles+2023)
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What mechanism simoutaneouly generates such a large variability and the red NIR color? — Cloud feedback driven circulation.

Brief model description: General circulation model: SPARC/MITgem (Showman+2009), tracer-based clouds with radiative feedback for MgSiOs and Fe (Tan+2021). 3
log-normal size modes in MgSiOs, large (7um), medium (0.7um) and small (0.02um); only 1 mode (7um) in Fe. Chemical equilibrium, convective adjustment, correlated-k 11 bin

radiative transfer. Radiative post processing: 3D GCM structure read-in by PICASO (Batalha+2019) with higher spectral resolution correlated-k tables or resampled opacity grids,
generating spectroscopic light curve variability, spectrum, and contribution functions. Chemistry and opacity source are consistent between the GCM and post processing.

Model Results

Spectrum comparisons
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The “right” amount of clouds provides the “right” level of heating to simultaneously generate the giant storm and red spectrum.

When the particle sizes are too small, When all particles are large, for
for example, full of 1um particles. example, full of 7um particles. Take-home messages
Spectrum: too red Amplitude too small Spectrum: not a good fit Amplitude too small * Cloud radiative feedback drives global storms,

manifesting as travelling equatorial waves.
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* These storms simultaneously explain the observed
large variability amplitudes ofVﬁS 12568B in
HST/WFC3 and Spitzer 4.5um bands, their cross-epoch
behaviors, as well as the spectrum observed by the
JWST.
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* The emergence of giant storms requires a reasonable
amount of clouds aloft in the atmosphere. The
simultaneous interpretation to light curve and
spectrum provides tighter constraints on the cloud
properties of substellar atmospheres.
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