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Stellar spectroscopy

Stellar parameters
T.«, log(g), [Fe/H], [X/Fe], ...
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Physical assumptions
1D+MLI, LTE, opacities, ...
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Stellar atmospheres
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MILT from spectroscopy
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MLT from stellar evolution: & ~ 2

Code Solar Z/X o
__________________ STARS | 00262 209
__________________ STARS | 00195 2025
_________________________ V-R | 00181 2007
x=0 | Dartmouth |  0.0266 1938
«=1 4 BASTI | 0.0280 1.913
=1 MESA | 0.0261 1.877
____________________ MESA | 00207 1783
oy 0.0253 1743
______________ PARSEC | 00252 1740
(?: o 0n veo sne ~ Padova | 00235 1.680
Geneva 0.0194 1.647
39 38 37 38 35 34 '
logT, Stancliffe, Fossati, Passy+ 2016

Image credit: M. Salaris



Entropy (10° ergs/gm /K)

MLT from 3D simulations: &« ~ 2
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MLT from 3D simulations: & ~ 2
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Non-LTE = Statistical equilibrium
. 7

Z n; (Rj + Cjp)| = | m, 2 (R;j + C)

dt —
l l
Particle J7 J7
number Incoming transitions Outgoing transitions

Radiative transitions: Rij — Aij + Blj

Collisional transitions: (.. R_ad'at"’“ field
L is non-local!



Non-LTE = Statistical equmbrlum

HD 140283, 2200 A -

Radiation field

Particle
number
-5 —4 -3 -2 -1 (l) 1
- . .y - log ©(S00 nm)
Radiative transitions: L. = .. ..
R.=A;+ BU
.. . Radiation field
Collisional transitions: C ‘s .
1] IS non-local!

Bergemann, Lind, Collet+ 2012



3D RHD model atmospheres

1 D Temperature [ K]

100

f Click to-daihioad iévie

4900

Z. [Mm]

4500
200 4000
3000

2500

-300

0 200 400 600 300 1000
X [Mm]

See also Magic, Collet, Asplund+ 2013-2015 TN, Amarsi, Lind+ 2017


https://www.mso.anu.edu.au/~thomasn/t5150g22m50/t5150g22m5004_tempslice.mp4
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Non-LTE in 3D
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https://www.mso.anu.edu.au/~thomasn/t5150g22m50/t5150g22m5004_gas_jnu_ugly.mp4

SMSS 0313-6708 in 3D NLTE
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Extremely metal-poor stars
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Relative flux / throughput

The SkyMapper EMP search
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Relative flux / throughput

The SkyMapper EMP search

Effective temperature [K]
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Relative flux / throughput

The SkyMapper EMP search

Effective temperature [K]
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Relative flux / throughput

The SkyMapper EMP search
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Relative flux / throughput

The SkyMapper EMP search
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Relative flux / throughput

The SkyMapper EMP search
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Log N

The SkyMapper EMP search
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Log N

The SkyMapper EMP search

] T T T T I T T T 1 I T T T T ] T T T T ‘[ 1 T 1 Ll

- Group 1 «

—4 _3 2 -7 -6 -5 -4 -3

Da Costa, Bessell, Mackey, TN+ submitted



SMSS 0313-6708: [Fe/H] < -6.5
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Log N

The SkyMapper EMP search
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| X/H]

The first [Fe/H] = -6 star: SMSS1605
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Pop Il IMF
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 MLT good enough for stellar atmospheres? <

=

« 3D NLTE now feasible. Use at low [Fe/H]! > 057 ‘
""""" [T rrrr o T 8
112Mgy, 03B, log(f.) =-18 & A <

500 Mg, 1.5B,log(f,.)=-10 + —+ 00 B=fl- — — D — — — — — |

« EMP MDF slope = 1.5 dex/dex

» Carbon-normal MDF drops at [Fe/H] ~ -4

i C O MgSi Ca Ti Cr Fe Ni Ba _
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