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* Infer parameters/compositions by comparing
observed stellar spectrum to theoretical
model stellar spectra
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Measuring elemental abundances

Neutral copper line

* Infer parameters/compositions by comparing e

observed stellar spectrum to theoretical Lo}
model stellar spectra B
= 0.8
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* Here: lower the copper abundance in the s
model to agree with observations .
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* Interpret abundances to learn about atoms, o I
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0.00} :
~0.04 | -
_0,08 I | | | | I | | | | I | | | | I | | | | ]

0781 9782 0783 0784 9785
Wavelength [A]

Diff.

[Nissen & Gustafsson 2018]



[Caliskan et al. 2025]



Ratio of to
Iron, measured In
the star

Individual dwarf -
® and giant stars

lIron measured In the star — a proxy for time

[Caliskan et al. 2025]



Model of the Galaxy
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The LTE assumption

» Absorption line strengths

depend on number of absorbers E,
and emitters in the correct
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The LTE assumption », g, oxp [ AEi2
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» Absorption line strengths
depend on number of absorbers E,
and emitters in the correct

Diagnostic
enerqgy states
d ine |+ \J M

* Local thermodynamic equilibrium

(LTE): trivially known via El
Boltzmann and Saha
distributions
A . Ny 2 7y 2o ( AE_y
» Underlying assumption: efficient e NI A3 ZI kBT

collisional coupling



Relaxing the LTE assumption

N e e B —-n 58 = = -
- { Collisional-radiative modelling : - :
i In stellar atmospheres j _
15+ ] 7 — |
2 3 -
~ - o 1 3 Other -
> 10~ - > | 301.1 : _
5 -_ e - 13 lines
- — - C r 10. .
5 ; 7 LL 70.0
| _ | 7 | _
" - 2 324.8 \ —
O _ B27.4 . _
' \ j _ Diagnostic _
. — lines :
" Cu ll 7 = Cul —
O - I I I I I I I I I | I I I I I I I I I I I I I

18 1po D De =0 3P 3o D 3D° = 3o 28 P° 2D  ?D° 2O ZG 2He 2 ‘Ko 2L “P° “‘D° “‘F°



Relaxing the LTE assumption

 Statistical equilibrium:

C are collisional rates, depend on
cross-sections

Energy / eV
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How galaxies make pennies
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* Energies (NIST is OK for
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Case study: silver

* Most heavy neutrals have
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 1D/3D non-LTE radiative
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Conclusion

* Non-LTE modelling of stellar
spectra reveals new
astrophysics

N
|
|

 Poor atomic data can make
non-LTE analyses unreliable

Energy / eV

Valid but difficult question:

what level of accuracy Is

21~ 3281 ff 3963 needed in these atomic data?

 Lack of quality atomic data for
neutrals hinders progress

* Need energies,
Einstein A's, photoionisations, o ~C I » G = I ¢ U = RN =~ =
inelastic collision cross-sections




