


APPLES AND ORANGES

Comparing hot to cool, dwarf to
giant, metal-poor to metal-rich,
systematic uncertainties can be
almost arbitrarily large -
Accurate modelling of stellar
spectra is a great challenge!
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WHAT QUESTIONS CAN BE ANSWERED
WITH STELLAR ABUNDANCES?

Systematic errors
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WHAT CAN BE GAINED BY
INCREASED PRECISION?

The sample size needed to separate two

Thi'ck disk e Gaussian populations grows exponentially
Y -"":".\ . _5 with decreasing separation in units of o
(abundance precision)

Separation r (in units of o)

Lindegren & Feltzing (2013)



Antares

FGKM stars:
“Hybrid NLTE”
Atmospheric structure
computed in LTE, then

NLTE radiative
transfer for trace

elements

OB stars:
Unified atmosphere and
wind models — full
NLTE with simplified
atomic models
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Radiative
Zone

LTE->NLTE
Ci<R;

How to calculate n;?

Statistical Equilibrium
SRy

R;; depend on
N _ J# By
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NLTE EFFECTS ON [FE/H]
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NLTE EFFECTS FOR [NA/H]

NLTE effects grow with line strength, largest at
maximum saturation, e.g. on the HB of M4 ([Fe/H]=-1)

Lind+ 2011, Marino+ 2011 B-
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MODELLING DEVELOPMENTS

Goal is ““3D NLTE”: realistic modelling of convection,
radiation, and the statistical equilibria of atoms, without

important free parameters

Synthetic spectrum:
High resolution, non-LTE

DiIlet. ASDIUNC

Abbroximate radiation field



3D NLTE

3D synthesis of the Lil
resonance line to
determine ¢Li/’Li ratio
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The 2"? cosmological lithium problem
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3D NLTE

Energy [eV]

2016

A new atomic model for Fe

Oscillator strengths/photoionisation
Collisional cross-sect. with H
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Nordlander,Amarsi, Lind+ 2016
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Lind, Amarsi, Asplund+ 2017
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ATOM REDUCTION FOR 3D N =Y nipy =0

Pij - RU + Cl]
Kurucz 2014 : 93,000 b-b radiative transitions

Reduced atom: only 4,000 needed !
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3D NLTE ANALYSIS OF FE IN THE SUN
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Wk, NLTE/ W}., LTE
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3D NLTE ANALYSIS OF FE IN THE SUN

Swedish Solar Telescope
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3D NLTE ANALYSIS OF FE IN THE SUN

Swedish Solar Telescope
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3D NLTE ANALYSIS OF FE IN THE SUN

Fel_6151.6
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The effect of the stellar absorption line centre-to-limb variation on
exoplanet transmission spectrum observations
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The modelllng of stellar spectra beneflt greatly from the advent of
| (3D) NLTE with realistic model atoms " .

Ma]or |mpact demonstrated for' Galactic Archaeology appllcatlons: !
chemical evqutlorr f|rst stars, BB nucleosynthe5|s stellar phy5|cs St

Fundamentai tests using. soIar observations show that the
‘ new modelllng outperforms the old o

"Full 3D NLTE calculations for very large’
stellar samples
- Extended 3D grids
- Optimisation algorithms relying on
smaller grids (or training sets)




