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Isolated Brown Dwarfs and Gas Giant Exoplanets
are complex, bound objects are more complex

.‘ .

Seen in isolated brown dwarfs (or planets):

Molecular formation: FeH, CrH, H,O, CO, CH,, NH;, CO,, ...
Quasi-Molecular broadening: KT @ 0.7 mu (Allard et al. '07)
Disequilibrium chemistry: N,, NH,, CO, CO,, CH, (Griffith '00)
Cloud formation: below T,;=3000K ! (Tsuji et al. '96)
Carbon enhancement due to sedimentation (60% for Jupiter!)
Photometric variability (30% of L5 to T6, Buenzli et al. '14)
Surface inhomogeneities (Crossfield et al. '14)

Additional complexity of bound brown dwarfs and planets:

Impinging radiation
Photochemistry, photolysis
Jets and asymmetric global circulation




The first unambiguous brown dwarf

Nakajima et al. (Nature 378, 463, 1995)
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Confirmation, by the detection of the first cool brown dwarf
(black curve, Oppenheimer et al., Science 270, 1478, 1995), of our
model’s predictions (Allard & Hauschildt, ApJ 445, 433, 1995)
that brown dwarfs emit more between molecular bands at 1.1, 1.3,
1.6 et 22 umthena




Quasi-molecular K-H.,

Allard, Homeier, Allard et al. (2007)
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Fig, 1. FORS2 red optical spectrum of the T1 dwarf & Indi Ba (solid), compared 1o our synthetic spectra foe 2 1.3 Gyr (dashed) and 2 Gyr (dotted)
maodel. To highlight the vanows sources of opacity, spectra obtained whea the K and Na D doublets are omitted (dot-dashed), and when dust grains
involving Ca and olher refractory species are prevenled from forming and raining oul (upper dotted line) are also shown. All molecular bands but

CaH and H,O have been omitted froem the latler spectrum for clanty. The EFOSC spectrum of & Indi Bab is shown from 8600-10 000 A (laghn
|magenta] solid line) against a composite model of both T dwarfs.

Red optical spectrum of the T1 dwarf € Indi Ba (solid), compared to models for a 1.3 Gyr
(dashed) and 2 Gyrs (dotted). Spectra obtained when the K and Na D doublets are omitted (dot-
dashed), and when dust grains involving Ca and other refractory species are prevented from
forming and raining out (upper dotted line) are also shown. b) Same models where CaH has been
remove to show its effect compared to field dwarf spectra from L2 to T.




Forsterite detected in BDs?

Cushing et al (2006)

Fett=1700 K, log 95.0, fm2 Mid-type L dwarfs, observed
with the Infrared Spectrograph
(IRS) on board the Spitzer Space
Telescope, show an unexpected
flattening from roughly 9 to 11
um. This may be a result of a
population of small silicate
grains that are not predicted in
current cloud models.
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CO, detection in brown dwarfs

The NIR spectra of brown dwarfs
obtained by the AKARI/IRC. The spectra
are ordered in the sequence of ftheir
spectral types from bottom (L5) to top
(T8). When two observations were made
for an object, the data were processed
independently and the second spectrum is
indicated in blue. The difference between
the ftwo observations represents the
practical errors. Positions of major
molecular bands are indicated.

Yamamura et al. (2010)
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Seed = CE (iteration with cloud model*) = TiO,
Nucleation = from cosmic rays (Tanaka 2005) = DRIFT or 1D hydro (Gail 1984)
Condensation = Rossow (1978) = Gail 1984
Coalescence Rossow (1978) Gail 1984
Coagulation Rossow (1978) Gail 1984
Sedimentation Rossow (1978) Gail 1984
Supersaturation = P,,s/Pgas using CE tables for P = Gail 1984
Advective Mixing= from 2D RHD simulations = from 2D RHD simulations (without overshoot)
Composition = 64 types of condensates 5 types of condensates
Optical ctes = pure condensates (Jena database) composite optical ctes
Model solved = Updraft model with solar lowest layer = up to down (stationary solution of moment equations)
LY T M ST e O P o
* Cooling history of the gas is preserved “a

In effect, there isn't much difference between up-to-down and updraft models because
grains do not DRIFT or settle through much (within one layer only!) under the conditions of

M-L type dwarf a‘rmospher'es (Wende pmva’re commumccmon)
qéf ,\r ‘:‘_ N x 4 LR
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2D HDR simulations of dust
cloud formation in brown N
dwarfs’ atmospheres
Freytag et al. (2010)

mt1GgS0rmmO0nGA: dust cancentration: dust/rho_nas, time(  1.0)= 90040.1 s

50 100 150 200 250 300
| km

W350 x H80 km? during 36 hrs

CO5BOLD simulations of the gas and forsterite (Mg,SiO,) dust based
on Phoenix opacities, on a cloud model (dust size bon distribution), and

on the nucleation, condensation, coagulation, and sedimentation rates
by Rossow (1978). Shown, ,and,
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LoglO[A F,/X F, (max)] + Constant

MLTY ISpectral Trgnsitign Phoenix synthetic spectra (black)
| vs observed spectra (color curves)
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Comparing models from different authors

Estimated Teffs of brown dwarfs by Vrba et al. ‘04 & Golimowski et al. ‘04

MARCS

""" Atlas9 | The BT-Settl cloud model yields similar

DRIFT PHOENIX cloud extension then the Tsuji '02 model
with Tcrit=1700K, and succeeds globally in
UCM Case C reproducing the M-L-T transition.
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BT-Settl in a CMD New interior and evolution models
based on the BT-Settl atmospheres!

T T T | T T | T T T
- . 3+~ _03maa? | Isochrones for 0.05, 0.1, 1 and 5 Gyr are
- 1< 9 - displayed. The Dusty (red) and COND (blue)
10 . =, - models at an age of 1 Gyr are also shown
i S iy ] for comparison. The data are from Faherty
i gy = 7~ — __ _ Dusly et al. (2012) and Dupuy et al. (2012).
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i Currently adding carbonatious molecules
e Salt clouds (Morley et al. 2012) a and dust species to improve late-T to Y
——— >alt clouds (Morley et al. dwarf BT-Settl models.
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http://phoenix.ens-lyon.fr/simulator
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Web Simulator

Star, Brown Dwarf & Planet Simulator

Choose the physics required:
NextGen 99 ) MODEL SPECTRA ISOCHRONE '-fitting

« Offers synthetic spectra and thermal
structures of published model grids and
the relevant publications.

¢ links below with grey backgrounds) and have been published in the following papers. You will find in this FORMAT file the information needed to
© spectra files.

s Computes synthetic spectra, with/
WIThOUT |r‘r‘ad|a1’|on by a par‘en'r S'I'ar'l and * NextGen Gas phase only, valid for Ter > 2700 K Allard et ul.")"."
photometry for: e
Hauschildt et al.'99

v stars
v brown dwarfs (1 Myrs - 10 Gyrs)

v irradiated stars or planets

* AMES-Dusty Dust in equilibnum with gas phase, "valid" for Near-IR studies with Tefr> 1700 K Allard et al. 01
Chabrier et al. '00

* AMES-Cond Same as AMES-Dusty with dust opacities ignored, "valid" for Terr < 1400 K Allard et al. 01
Baraffe et al. '03

* AMES-Cond-GAIA Available down to Tefr = 2500K
4 Tel |Ur‘iC exoplcme'l‘s * BT-Settd With a cloud model, valid across the entire parameter range Allard et al. 03
Allard et al. 07
» Computes isochrones and finds the Allrd et . 09
par'ame-fers of a STClr‘ by Chl-Squar‘e * BT-Dusty Same as AMES-Dusty with updated opacities Allard et al. 09
. . * B1-Cond Same as AMES-Cond with updated opacitics Allard et al. 09
itti |
fSTT :9 Ofs colors and/or‘ mags To The * BT-NextGen Same as NextGen with updated opacities Allard et al, 09
Isocnrones.
* Rosseland/Planck as well as e 50

monochromatic opacity tables
calculations.

Return to France Allard's web page



Web Simulator  pt1p://phoenix.ens-lyon.fr/simulator
=0

Star, Brown Dwarf and Planet Simulator

Welcome to the Phoenix web simulator. This simulator is a web interface to compute model atmospheres or opacity tables using the multi-purpose Phoenix model atmosphere code version 15 (adapted by D.

® Off ers SynT heT IC S peCT ra Cmd T h erma I Homeier and E. Allard ). You can either compute synthetic spectra and colors (Run Phoenix button), isochrones (Isochrone button), or opacity tables (Opacity Tables button). Or alternatively you can download
ST ru CT ures o f p u b l is h e d mo d el 9 ri d s ah d directly pre-computed model atmospheres, synthetic spectra, colors and isochrones or precomputed opacity tables by pressing the GRIDS button. Click on the grey buttons to select your option.
the relevant publications.

° COmpu‘reS Syn'fhe'flc SpeCTrG, W|1’h/ Computation:

. . . ?
without irradiation by a par‘en‘r star, and Select the required physics: :
photometry for: B et :

‘/ STGI"S Run Phoenix Isochrone Opacity Tables
v brown dwarfs (1 Myrs - 10 Gyrs)
v |r‘r‘0d|01'ed STGr‘ or planeT Alternatively go to the Precomputed Grids
v’ telluric exoplanets ?
GRIDS
» Computes isochrones and finds the
parameters of a star by chi-square
fitting of colors and/or mags to the
iSOC h rones . Reset Reset Simulator ?
* Rosseland/Planck as well as
Enstatite (MgSiO_})

monochromatic opacity tables
calculations.

Go to France Allard's web page




Temperature profile of the Sun
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spectra of the Luhman 16 AB brown
dwarfs (black curves). The vertical
ticks indicate absorption features:
H,O (blue) and CO (red), and
residual telluric features (gray).
The lines of the B component are
broader.

Surface map of brown dwarf
Luhman 16B, which clearly depicts a
bright near-polar region (seen in
the upper-right panels) and a
darker mid-latitude area (lower-
left panels) consistent with large-
scale cloud inhomogeneities. The
lightest and darkest regions shown
correspond to brightness variations
of roughly +10%. The time index of
each projection is indicated near
the center of the figure.




The rotation significantly modifies the convective
properties. The interaction of convection with the
overlying, stably stratified atmosphere will
generate a wealth of atmospheric waves, and we
argue that, just as in the stratospheres of planets
in the solar system, the interaction of these
waves with the mean flow will lead to a significant

atmospheric circulation at regional to global j

scales.

Global Circulation Model

Case of an L/T dwarf
(T4 of ~650 to 1150K)

Showman & Kaspi (2013)

Fig. 7. Snapshots at different
times of the temperature per-
turbations at 1 bar in a single
model with rotation period of 10
hours.

Temperature perturbations are
deviations of temperature

from the reference state, in K.
Time separation between frames
is 4.8 hours.
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Fletcher 2011: ATMOSPHERES & WAVES EFFECTIVELY
REDISTRIBUTE ENERGY

* Horizontal redistribution: 001 oo JUDIET Temperatures (€)
efficiency of mixing determines '_ | Ny
whether species are transported 5 r\\/ 0 ]
with lon/lat: Omo;_ W 3
— Dayside/nightside gradients largest -] ‘\‘\425/”/://\/\/«/\/— e —
where advective timescales >> g : 1% s -
radiative timescales, photosphere g : e T T O~ ]
and convective zones well separated @ 0.100F ><> @@ el 3
(e.g., Showman et al., 2010). ! W
— Solar system planets have radiation s
penetrate convective zones, 1.000 b = — ]
effectively isothermal. 90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90
. Planetographic Latitude
¢ No GCM I.S ye.t c?pable of . Saturn Temperatures (K)
reproducing jovian atmospheric A - A
dynamics ,

— Parameterisations of mixing fails to
capture the convective dynamics
(e.g., H20 condensation and latent
heat release; eddy pumping of jets;
vertical structure of thermal winds).

— Successful in reproducing cloud-top
advection of tracers.
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0.100f
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Global RHD simulations

Freytag, Schaffenberger & Allard 2014 (in prep.)

[ )
5t22935n07: Surface Intensity(21), time(  1.0)=350503.0 s JuplTer‘

However radius scaled by a factor 20 |
Improvement expected with MPI 2015
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