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® composition ("metallicity”)

® convection =
(micro-) turbulence & mixing

® rotation

® chemical peculiarities PHOENIX workflow (P. Hauschildt)

—> self-contained and internally consistent structure in 1D
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® | ine numbers

® [ine distribution

Bands with complex spectra
(polyatomic molecules)
produce strongest blanketing effects.
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: Heptacontad, 70 levels, 1746 sublevels

: Pentacontakaipentad, 55 levels, 996 sublevels

: Triacontad, 30 levels, 280 sublevels

: Icosad, 20 levels, 134 sublevels
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® 30 Mio. lines computed with the STDS program
(Université de Bourgogne) — 2013 update: 80 Mio.

® Vibrational and rotational states up to ~ 8ooo cm’™

® Completeness: ~50% (mid-IR) - 10% (H-band) - 0% (Y/))

. STDS GS only
' STDS GS+Dyad
1 STDS all ———

Fk[erg/s/cmzlcm]
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® CO «— CH,: limited by H, +CH;0 = CH;0H + H

K =1.77 X 10722 x T3.09 (-3055/T)  (Visscher, Moses & Saslow 2010)

® CO « CO: limited by CO + H,O = CO5 + H>»

K = 6.44 X103 x T309 (3388%T)  (Graven & Long 1954)
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® dust formation and sedimentation timescales
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z [km]

mt16g50mmO0n06: dust concentration: dust/rho_gas, time(  1.0)= 90040.1 s

50 100 150
x [km]

CO>BOLD 2D-Hydrodynamic Simulation of

200 250 300

1600 K L dwarf atmosphere

with Forsterite (Mg,SiO,) cloud model

Freytag et al. 2010

35C



log(D/[cm?/s))
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Mixing

N, «<+NH,

CO < CH, (Prinn & Barshay)
CO «<CH, (Lewis & Prinn)
CO «<CH, (Yung et al.)

CO «++»CH, (Yung et al. rev.)
Grain sedimentation
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Chemistry across the L-T transition

CO equilibrium
0.00035 CH, equilibrium

CO Prinn & Barshay
CO Yung et al.

CO Yung et al. (rev.)
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Chemistry across the L-T transition




Molecular Line Profiles

® Molecular line data for stellar atmosphere calculations:

® Extensive data available from spectroscopy line lists (HITRAN
and others)

® Often damping widths and shifts included, sometimes
temperature dependence

Luhman 16B ||,
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® Effects of dust and transition from CO- to CH,-chemistry
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® cloud opacity changes spectral energy distribution King et al. 2010

® depletion changes gas phase composition => changes spectra as well
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| | —— Allardet al. 2015

10H b

900 K

7000 8000 9000 10000 11000 12000 13000
(A

e depletion and accurate broadening theory important

— Allard et al. in prep.
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50x solar, 1.11 bar

latitude (°)

-150 -100 -50 0 50 100 150 (ms™
longitude (°) Kataria et al. 2014 [<BEPEPRS

® General Circulation models predict vertical wind components
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GJ 436D transit models and WFC3 observations (Knutson et al. 2014)
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