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spectroscopy	-	relies	on	models	of	stellar	 
atmospheres	and	radiation	transport	
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Model	spectrum

Observed	spectrum

Comparison

Basic	model	atmosphere	theory	(usually	tailored	to	a	given	class	of	
stars):		non-LTE	(NLTE),	3D	hydrodynamics,	magnetic	fields,	winds,	

sphericity,	molecular	opacities,	binarity,	chromospheres,	etc

Stellar	parameters: 
Teff, 

surface	gravity	(P) 
velocities,	 

chem.	abundances	
up	to	100	dimensions!

Spectrum	synthesisModel	atmosphere



1D	LTE	MODEL	ATMOSPHERES	
AND	SPECTRUM	SYNTHESIS
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1D	LTE	(hydrostatic)	models

radiative	transport	equation	in	the	static	
(t-independent	case)	

flux	conservation	—>	div(F)	=	0

radiative	equilibrium	equation

hydrostatic	equilibrium	equation

turbulent	and	radiative	pressures

convective	flux	-	based	on	mixing-length	theory



LTE



Non-LTE
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rate	equations	for	N	energy	levels +			radiation	transfer

4m
a JP d
h
ν νπ ν
ν

= ∫

spontaneous	radiative	emission	Anm 
photo-ionisation	Pm	
recombination	Rm 
collisional	excitation	Cmk 
charge	transfer	…	
 
photons,	electrons,	  
H	atoms	…

Fe	I	model	atom



Non-LTE	(statistical	equilibrium)

SE	is	usually	solved	using	a	dedicated	code 
assuming	a	fixed	model	atmosphere 
 
MULTI	/	1D  
https://folk.uio.no/matsc/	

DETAIL (not public) 

MULTI	/	3D	(not	public) 
 
Balder	(not	public)

https://folk.uio.no/matsc/


LTE	and	NLTE	spectrum	synthesis

the	profile	function

line	absorption	coefficient

Line	source	function	(=	Planck	function	in	LTE)

Emergent	intensity

Emergent	flux



3D	NLTE	LINE	FORMATION
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radiative	energy	exchange		
(see	1D	LTE	case	of	Fconv	=0)

mass	conservation

momentum	conservation

energy	conservation

3D	RHD	models



(c)	Remo	Collet	2012
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Nordlund et al. (2009) 
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3D	RHD	models

velocity	and	temperature	
structure	of	a	granule	in	a	
numerical	3D	RHD	simulation	
of	the	solar	convection	

1D	hydrostatic	model

Nordlund	et	al.	2009



3D	Non-LTE	radiative	transfer
✓ Non-LTE	(statistical	

equilibrium,	t-independent)	

✓ Hydrodynamical	models  
as	fixed	thermodynamic	
structures	(T,	Pe,	velocities)

• ‘trace	element’	assumption	
one	element	at	a	time	

• no	effect	on	the	structure	of	
a	model	atmosphere	

• usually	vertical	RT	sufficient	
• typical	resolution	
(30,30,230)

•

•

I(λ,θ)



Mn	line	in	the	Sun
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λ	-	λ0
Bergemann	et	al.	(2019,	arXiv:1905.01835) 
Gallagher	et	al.	in	prep.

1D	LTE	radiative	transfer

https://ui.adsabs.harvard.edu/link_gateway/2019arXiv190501835W/arxiv:1905.01835


Mn	line	in	the	Sun

In
te
ns

ity

λ	-	λ0
Bergemann	et	al.	(2019,	arXiv:1905.01835) 
Gallagher	et	al.	in	prep.

3D	Non-LTE	radiative	transfer

https://ui.adsabs.harvard.edu/link_gateway/2019arXiv190501835W/arxiv:1905.01835

