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PHOENIX 

•  1D, static, Radiative Transfer OS/ALI : 
  spherical symmetry with adaptive angular resolution 
  restraint relativity effects (solution in comoving frame) 
  3D  

•  Hydrostatic Equilibrium (stars, brown dwarfs, planets), or 
•  Velocity field in relativistic expansion (novae, supernovae) 
•  Layer-dependant velocity up to speed of light (novae, supernovae) 
•  Convection: Mixing Length Theory 
•  Atomic diffusion 
•  Non-LTE (rate-operator splitting) for atoms and CO  
•  Chemical Equilibrium whit NLCE for certain species (CO, CH4, NH3) 
•  26 ionization levels, 85 elements (Th, U), 600 molecules, >1000 grain types 
•  Dynamical (no pre-tabulation) Opacity Sampling  
•  Database of atomic and molecular transitions  
•  Extinction cross-sections for 40 types of grains 
•  Cloud Model based upon Rossow (1978) timescales (sedimentation, condensation) 
•  Supersaturation computed from chemical equilibrium precomputations. 
•  Mixing from Radiative HydroDynamic (RHD) 

Created in 1994 in Phoenix, AZ 
Peter Hauschildt, France Allard & Eddie Baron 



Spectral Energy Distribution (SED) of a typical Very Low Mass star (VLMs) of effective 
temperature (Teff) similar to that of a young brown dwarf (few million years).  The SED of de 
dM8e VB10 (full line) is compared to a model (AH95, dotted lines) based on band model opacities.  
The spectrum where all discrete opacities (atomic & molecular line transitions) are omitted (dot-
dashed), and the blackbody SED of same Teff indicates the importance of “non-grey” opacities.   



Line profile vs observation

        Figure 3 of Asplund, Grevesse, Sauval & Scott  (2009, ARAA 47, 
181). The profile predits a spectral line typical of Fe I computed 
with a HDR 3D model of the Sun (solide line) compared to the 
observations (grey losanges). This agreement is very clearly 
satisfying, and is due to the Doppler displacement coming from 
the convective mouvements, computed self-consistantly, and 
which enlarge, displace, and distort the theoretical profile.  For 
comparison, the profile predicted by a 1D model atmosphere (red 
line; Howeger & Müller 1974) is also shown; the 1D profile has 
been computed with a microturbulence of 1 km s-1 and a 
macroturbulence adapted to reproduce the general profile in 
terms of its widnest. Note even with these two free parameters, 
the 1D profile reproduce neither the displacement,nor the 
asymmetry of the line. 

Shifting to the blue (Doppler) due to the  relative 
surface of the ascending convective cells 

Simulations by Ludwig et al. (2006) of the  
atmosphere of red dwarf (M type) with 

Teff= 3000K, logg= 5.0, [M/H]= 0.0 



M-L transition: Comparing models from different authors 

Estimated Teffs of M dwarfs by Cassagrande, Flynn & Bessell ‘08 

Oxygen solar abundance reduced by 
22% (Caffau et al. ’11)  
34% (Asplund et al. ’09)  
39% (Grevesse et al. ’07)  
compared to Grevesse et al. 93’  

0.02 mag uncertainty due 
to solar abundances! 



Rajpurohit et al. (2013)  

NTT @ La Silla, R=10.4Å vs Phoenix synthetic spectra 



Rajpurohit et al. (2013)  

UVES R = 40,000 



M-L transition: Comparing models from different authors 

Estimated Teffs of M dwarfs by Cassagrande, Flynn & Bessell ‘08 

0.13 mag uncertainty due 
to cloud formation! 



Pionniers Work 

•  Lewis (1969):  An ’’updraft” model according to which the excess vapor from 
the saturation is left where it condenses (fairies):  
  Vitesse d’ “updraft” = sedimentation velocity  
  No treatment of grain sizes  

•  Rossow (1978): Has developed characteristic timescale as a function of particle 
size for the main microphysical processes, and the intersections of these 
characteristic timescale give an estimate of the mean size of grains 
  No treatment of the condensed mass (no nucleation) 
  Many explicit suppositions concerning the efficiency of the super-saturation, and for 

the coagulation, between other  
•  Lunine (1989, 1999): Variations on the previous models 
•  …. 

•  Allard, Homeier, Freytag (2010): Updraft model, Variations on the Rossow model 
   Use EC and a nucleation rate to provide condensed mass at T,Pg 
   Supersaturation is computed from CE in BT-Settl model 
   Neglecting coagulation 

          



Cloud physics as included in model atmospheres 

•  Mie equations are solved for full (non-porous) spherical grains 

Phoenix BT-Settl (Allard et al. 2003,2012) 

•  Seed                  = CE (iteration with cloud model)  
•  Nucleation          = from cosmic rays (Tanaka 2005) 
•  Condensation      = Rossow (1978) 
•  Coalescence        = Rossow (1978) 
•  Coagulation         = Rossow (1978)  
•  Sedimentation    = Rossow (1978) 
•  Supersaturation =  PVS/Pgas using CE tables for PVS  
•  Advective Mixing= from 2D RHD simulations  
•  Composition        = 55 types of condensates 
•  Optical ctes       = pure condensates (Jena database) 
•  Model solved      = Updraft model with solar lowest layer 

DRIFT-PHOENIX (Helling et al. 2008) 
 
•  = TiO2 
•  = DRIFT or 1D hydro (Gail 1984) 
•  =  Gail 1984 
•  =  Gail 1984 
•  =  Gail 1984 
•  =  Gail 1984 
•  =  Gail 1984 
•  = from 2D RHD simulations (without overshoot)  
•  = 5 types of condensates 
•  = composite optical ctes 
•  = up to down (stationary solution of moment equations) 

Phenomenological model Microphysical model 



2D HDR simulations of dust 
cloud formation in brown 
dwarfs’ atmospheres 

     CO5BOLD simulations (Freytag et al. 2010) of the gas and  forsterite 
(Mg2SiO4) 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, in red, the dust grain 
mass density, and, in green, the entropy indicates the convection. 

W350 x H80 km2 during 36 hrs  



Global simulations 

Schaffenberger & Freytag 2012 (in prep.) 
Teff= 3600K, logg= 4.5, solar, P=1 Hr 

 

Jupiter 

Brown dwarfs rotate with ~30 km/s (P < 4 hrs) !  

Interior mixing length calibration 
work  in Exceter 



Vrms
 : Horizontal &  

          time average 
tac : acoustic timescale 
Ma: mach number 
 
----- conv. Mixing 
----- overshoot 
----- gravity waves 

Diffusion coefficient 
is « ill defined » 

We use the latter 
troughout  

the atmosphere ! 

+ : D= F-Fsed / ρ (dC/dZ) 

cloud 
convection 

over- 
shoot 

waves 



Dynamical 
Transport

N2 and CO is 
transported from 
inner/warmer regions 
of the atmosphere, 
depleting NH3 (N2) 
and CH4 (CO) 

Saumon et al. (2003) 



Comparing models from different authors 
Estimated Teffs of brown dwarfs by Vrba et al. ’04 & Golimowski et al.‘04 

The BT-Settl cloud model yields similar 
cloud extension then the Tsuji ‘02 model 
with Tcrit=1700K, and  succeeds globally in 
reproducing the M-L-T transition.   



XSHOOTER SED of a T8.5 brown dwarf 

Reylé et al. (2013) in prep. 

A chi-square analysis yields these paramaters using the BT-Settl model grid 



Phoenix synthetic spectra (black) 
vs observed spectra (color curves) 

Includes disequilibrium chemistry 
for N2, NH3, CO, CO2, CH4  
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BT-Settl in a CMD ! 

Baraffe et al. (2013) 

Dusty Cond 

Settl 

Comparison between models and M-L-T dwarfs 
data in a (J-K)-MK diagram. The black models are 
based on the BT-settl atmospheres. 
 
Isochrones for 0.05, 0.1, 1 and 5 Gyr are 
displayed. The Dusty (red) and COND (blue) 
models at an age of 1 Gyr are also shown for 
comparison. The data are from Faherty et al. 
(2012) and Dupuy et al. (2012). 
 
 
 
0.25 mag offset in the M-L transition below 
2500K, as if dust should form more efficiently at 
hotter temperatures than is the case in current 
models.  This could be due to: 
 
-  Dirty grains (rather than pure grains currently 

supposed) 
-  A cooler outer atmosphere (e.g. due to less 

efficient convection than currently assumed) 
-  More efficient overshoot (due to more 

efficient convection) 
-  An even lower oxygen abundance (however not 

supported by results on hotter M dwarfs). 
-  Or all the above ! 
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Web Simulator 
           ONLINE! 

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

•   Computes synthetic spectra, with/
without irradiation by a parent star, and 
photometry for: 
  stars  

  brown dwarfs (1 Myrs - 10 Gyrs) 
  extrasolar giant planets  

  telluric exoplanets 
•   Computes isochrones and finds the 
parameters of a star by chi-square 
fitting of colors and/or mags to the 
isochrones. 
•  Rosseland/Planck as well as 
monochromatic opacity tables 
calculations. 

http://phoenix.ens-lyon.fr/simulator 



Web Simulator 
   ONLINE in Sept. ’13 ! 

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

•   Computes synthetic spectra, with/
without irradiation by a parent star, and 
photometry for: 
  stars  

  brown dwarfs (1 Myrs - 10 Gyrs) 
  extrasolar giant planets  

  telluric exoplanets 
•   Computes isochrones and finds the 
parameters of a star by chi-square 
fitting of colors and/or mags to the 
isochrones. 
•  Rosseland/Planck as well as 
monochromatic opacity tables 
calculations. 

http://phoenix.ens-lyon.fr/simulator 


