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Two things to remember:  

•  Applying model atmospheres to observed data: �
    Using multiple model families allows to �
    assess systematically systematic model uncertainties �
    (hence, derive confidence intervals for derived parameters)�

•  If model reproduces data only partially: �
   Expect the unexpected, like for example, �
   ionisation signatures in a seemingly unionised atmosphere�



Model atmosphere grids available for use: 
 

ATLAS  (Kurusz 1970, Castelli & Kurucz 2004) 
oxygen-rich, various metallicities with α-elements enhanced, Teff≥3400K 
(enhanced α-elements: O, Ne, Mg, Si, S, Ar, Ca, and Ti), no dust 
 
MARCS (Gustafsson et al. 1975, 2008; Laverney et al. 2012) 
carbon-rich & oxygen-rich; both various metallicities, Teff=2200 … 8000K, no dust 
 
PHOENIX (Hauschildt, Baron & Allard 1997):  
oxygen-rich, various metallicities, no dust 
NextGen-PHOENIX:  improves opacities, 
DUSTY/COND equilibrium dust for low Teff (Allard et al. 2001) 
Gaia-PHOENIX (Brott & Hauschildt 2005):  
NextGen update,  plus α-elements enhanced 
BT-Settl-PHOENIX (Allard et al.)  
improved NextGen regarding dust treatment (time-scales) 
Drift-ACES-PHOENIX (Dehn 2007, Witte et al. 2009, 2011):  
improved NextGen  regarding dust formation and gas-phase chemistry (ACES) 
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Model atmosphere grids available for use: 
 

ATLAS  (Kurusz 1970, Castelli & Kurucz 2004) 

MARCS (Gustafsson et al. 1975, 2008; Laverney et al. 2012) 

PHOENIX (Hauschildt, Baron & Allard 1997) 
 

Tsuji  (Tsuji 1973, 2002, 2005  ) 
carbon-rich & oxygen-rich, dust opacity, Teff<2200 … 4000K 
 

Marley, Ackerman, Fortney, Stevensen, Saumon et al.  
(Ackerman & Marley 2001, Saumon & Marley 2008, Stevensen et al. 2009) 
oxygen-rich, dust included, Teff< 3000K 
 

Burrows, Hubany, Lunine, Liebert et al. (Burrows et al. 2001) 
oxygen-rich, dust opacity, Teff< 3000K 
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Model atmosphere grids available for use: 

PHOENIX 

Christiane Helling, University of St Andrews 

500 

BT-Settle,  
Drift-PHOENIX 
Marley et al.,  
Burrows et al., 
Tsuji et al. 

L T Y 

planetary host stars planets / brown dwarfs 

(Sinclair, Helling & Greaves 2010, MNRAS 409)  
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(Bozhinova, Helling & Scholz 2014, MNRAS, subm)  

Comparison of warm model atmosphere (no clouds) 
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The impact of �
model uncertainties �

1)  Model uncertainties do influence 
     number of disks observed 
     (via far-IR excess with Spitzer) 

(Sinclair, Helling & Greaves 2010, MNRAS 409)  

7 disks 

3 disks 

4 disks 
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2) Model uncertainties do influence 
    derived planetary parameter 
    à location of habitable zone 

(Bozhinova, Helling & Scholz 2014,  
MNRAS, subm)  

The impact of  model uncertainties �
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cloud formation 
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Brown Dwarf model atmosphere comparison 

(Helling, Ackerman, Allard, Dehn, Hauschildt, Homeier, Lodders, Marley,	
 Rietmeijer,Tsuji & Woitke 2008, MNRAS 391)	
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Brown Dwarf model atmosphere comparison 

(Helling, Ackerman, Allard, Dehn, Hauschildt, Homeier, Lodders, Marley,	
 Rietmeijer,Tsuji & Woitke 2008, MNRAS 391)	
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Model diversity = tool for error estimates 
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log(g) 

Cloud height changes  
with Teff, log(g), M/H 

haze layer 

compact cloud  
layer 
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Drift-Phoenix model 
atmospheres 	
Woitke & Helling 03,04 	
Helling et al.2008;	
Witte et al. 09,11	

brown dwarfs 
giant gas planets 

Cloud top: 
nucleation,  
small silicate grains 
(incl. FeO/Al2O3) 
 
Cloud middle: 
grain growth & settling, 
mixed silicates 
(SiO, Mg2SiO4, FeO, …) 
 
Cloud base: 
evaporation,  
big iron grains 
(incl. Al2O3) 

low-gravity brown dwarfs 

Brown dwarfs have atmospheres that form clouds 
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Nucleation, growth, evaporation, drift, element conservation, conv mix 



Ionisation processes in ultra-cool atmospheres 

DRIFT-PHOENIX: Dehn 2007; . . . ; Witte et al. 2009, 2011	
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thermal ionisation  



thermal ionisation of 
 inner atmosphere 
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Alfvén ionisation of gas by  
 global circulation / winds 

cosmic ray ionisation of 
 outer atmosphere/cloud 

collisional ionisation &  
discharges in  dust clouds 

Helling et al. (2011, 
2012, 2013a,b),	
Rimmer & Helling (2013),	
Stark, Diver, Helling, 
Rimmer (2013)	
Bailey, Helling, Bilger,	
Hodosan, Stark (2014)	

DRIFT-PHOENIX: Dehn 2007; 	
Helling et al. 2008; 
Witte et al. 2009, 2011	

Ionisation processes in ultra-cool atmospheres 
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Cloud ionisation discharge  

- - - - - - 

+ 
+ + + + + 

- 
- - 

+ 

large-scale separation  
of charged grains 

(Helling, Jardine, Diver, Stark 2013)	

small,  mixed 
silicate grains 

big,  mixed 
iron grains 

(Helling & Woitke 2006)	

lightning is started by 
 a small-scale streamer (discharge!)  

(Briels et al.2008)	

Christiane Helling, University of St Andrews 



18 

Cloud ionisation discharge 
charged cloud particlesà streamerà lightning 
      

- - - - - - 

+ 
+ + + + + 

- 
- - 

+ 

large-scale separation  
of charged grains 

(Helling, Jardine, Diver, Stark 2013)	
(Helling, Jardine, Mokler 2011)	

(Bailey, Helling, Stark 2014, ApJ, in press)	

Large-scale properties  
of discharge events: 

larger volume of atmosphere 
affected in Brown Dwarfs 

 than in planets 
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direct  
lightning 
detection  

effect on  
local 
chemistry  



20 

Atmospheric ionisation 
•  Cloud particle collisions 
 
     à leading to gas-discharges  
•  Cosmic Ray ionisation  

     à ionises gas and cloud particles 

•  Alvén ionisation 
     à ionises gas 
      

(Helling, Jardine, Mokler 2011, ApJ)	

- - - - - - 

+ 
+ + + + + 

- 
- - 

+ 

large-scale separation  
of charged grains 

(Helling, Jardine, Diver, Stark 2013)	

small,  mixed 
silicate grains 

big,  mixed 
iron grains 

(Rimmer & Helling 2013, ApJ)	

(Stark, Helling, Diver, Rimmer 2013, ApJ)	

Signatures that  
have yet to be modelled 
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 8th – 11th September 2014 
Pitlochry, Scottish Highland 
http://leap1.sciencesconf.org/ 

 
Lab & Observation: Collisional charge separation 

processes in dusty media 

Modelling charge separation / discharge in dusty, 
turbulent atmospheric gases 

Solar system charging and electrostatic processes 
in volcanoes 

Radiation and CR impact on cloud ionisation 

Astrophysical context in exoplanetary research 


