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Abundances are not measured but inferred 2

Stellar parameters
Teff, log(g), [Fe/H], [X/Fe], …

Physical assumptions 
3D/MLT, LTE, opacities, ...

Radiative 
transfer
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ℱconv ∝ αMLT (∇T − ∇ad)

αMLT =
l

Hp
∇T =

d ln T
d ln P

ℱtot = ℱrad + ℱconv
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Stellar atmospheres
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MLT from spectroscopy: α ~ 0.5



The value of α affects strongly the effective temperature 
of stars with convective envelopes  

The’canonical’ calibration is 
based on reproducing the 
solar radius with a theoretical 
solar models (Gough & Weiss 
1976) 

We should always keep in 
mind that there is a priori no 
reason why α should stay 
constant within a stellar 
envelope, and when 
considering stars of different 
masses and/or at different 
evolutionary stages 
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Stancliffe, Fossati, Passy+ 2016

Code Solar Z/X α
STARS     0.0262 2.09
STARS     0.0195 2.025

V-R 0.0181 2.007
Dartmouth 0.0266 1.938

BASTI     0.0280 1.913
MESA      0.0261 1.877
MESA      0.0207 1.783

Y2       0.0253 1.743
PARSEC    0.0252 1.740
Padova    0.0235 1.680
Geneva    0.0194 1.647

Image credit: M. Salaris

MLT from stellar evolution: α ~ 2



Magic, Weiss & Asplund 2015
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Non-LTE (NLTE) = Statistical equilibrium 7

Radiative transitions:

CijCollisional transitions:

0 =
dni

dt
= ∑

j≠i

nj (Rji + Cji) − ni ∑
j≠i

(Rij + Cij)

Incoming transitions Outgoing transitions
Particle  
number

Bergemann & Nordlander 2014

Rij = Aij + Bij J̄ν
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Collisions 
are local

Rij = Aij + Bij J̄ν

Radiation field 
is non-local
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See also Magic, Collet, Asplund+ 2013-2015

Radiation+convection in stellar atmospheres

Nordlander, Amarsi, Lind+ 2017

1D
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0 =
dni

dt
= ∑

j≠i

nj (Rji + Cji) − ni ∑
j≠i

(Rij + Cij) Rij = Aij + Bij J̄ν
Nordlander, Amarsi, Lind+ 2017
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3D NLTE grid for Hydrogen 10

Grid available on CDS & Zenodo 
Amarsi, Nordlander, Barklem+ 2018

TITANS metal-poor reference stars 
Giribaldi, da Silva, Smiljanic+ 2021



3D NLTE calculations at [Fe/H] < -6 11

(Keller's star SMSS 0313-6708)

Nordlander, Amarsi, Lind+ 2017

Intensity contrast Li I  6707 Å Mg I  5183 Å Fe I  3719 Å



3D NLTE abundance corrections 12

Mg

Bergemann, Collet, Amarsi+ 2017
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3D spectra of molecular lines in giants 13

Dobrovolskas, Kučinskas, Steffen+ 2013
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3D NLTE grids for Lithium 14

Ella (Xi) Wang, Nordlander+ 2021 
https://github.com/ellawang44/Breidablik

isotopes: Harutyunyan, Steffen+ 2018 
abundances:         Mott, Steffen+ 2020



3D NLTE grids for Carbon & Oxygen 15

Amarsi, Nissen & Skúladóttir 2019 - Grid available on CDS



Grids of 3D LTE/NLTE spectra 16

Image credit: Jennifer Johnson - http://www.astronomy.ohio-state.edu/~jaj/nucleo/

Published

Just finished

In progress...



• H: Amarsi, Nordlander+ 2018

• Li: Harutyunyan, Steffen+ 2018 (6Li/7Li) 

Mott, Steffen+ 2020 
Wang, Nordlander+ 2021


• C & O: Amarsi, Nissen+ 2019 
 

• Na, Al: Nordlander+ 2022

• Fe: Nordlander+ 2022 ([Fe/H] < -3) 

Amarsi+ 2022 ([Fe/H] ~ 0)

• Mg, Ca, Ti, ...: 2023?

• n-capture: 2025?

• inspect-stars.com (Lind) 
Li, Na, Mg, Ca, Ti, Cr, Mn, Fe, Co, Sr, Ba


• nlte.mpia.de (Bergemann) 
O, Mg, Si, Ca, Ti, Cr, Mn, Fe, Co


• spectrum.inasan.ru/nLTE (Mashonkina) 
Ca, Ti, Fe


• pySME: sme.astro.uu.se (Piskunov / Amarsi) 
Li, C, N, O, Na, Mg, Al, Si, Ca, Ti, Fe, Ba

3D atomic lines: 1D resources:

3D molecular lines:
• Collet, Asplund+ 2007

• Dobrovolskas, Kučinskas+ 2013

• Gallagher, Caffau+ 2016/2017

3D / Non-LTE resources

http://sme.astro.uu.se
http://sme.astro.uu.se
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Isotopic splitting

Ella (Xi) Wang

Wang, Nordlander+ 2021



Isotopic splitting

HD 140283

Gallagher, Ludwig+ 2015 Thygesen, Kirby+ 2017

Ba Mg



3D effects on molecular lines 21

Gallagher, Caffau, Bonifacio+ 2016
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