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Spectra and abundances
[ ]

Stellar spectra 2D to 1D

Stellar spectra and abundances
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Spectra and abundances

The effect of metallicity (Fe/H) on spectra

Stellar spectra and abundances
[Fe/H] = log(NEe /Ny )« — log(Nge/Ny)o (1)

Top: Solar ([Fe/H] = 0) spectrum around the Mg triplet. Bottom: Star with [Fe/H]~ —5.

Christlieb et al, 2005
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Oscillator strength

The importance of atomic data; Abundance - log gf relation

log W = log(const) + log(A) + log(gfA) — 0x — log(k) (2)
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Hansen et al, 2012
Since the UV-region of the spectra is crowded we have to carry out
spectral synthesis on line lists with accurate atomic data. .t
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Stellar abundances
°

Abundances from RR lyr stars

What can we learn from stellar abundances
e Observationally derived abundances for most MP RR lyrae
e The groups of elements trace various supernova (SN) features:

Hansen et al, 2011a
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Stellar abundances
°

Abundances from RR lyr stars

What can we learn from stellar abundances
e Observationally derived abundances for most MP RR lyrae
e The groups of elements trace various supernova (SN) features:
e a-elements serve as tracers of SN Mass (Kobayashi et al 06)
e The a/odd-Z elements provide information on the explosion
energy, IMF and SN metallicity
e The amounts of Sc, Ti and Zn are linked to Y,
¢ In-/complete Si-burning elements provide clues on the T),cqx

Hansen et al, 2011a
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Stellar abundances

Abundance star-to-star scatter and the 2nd r-process

What can we learn from stellar abundances
e HD122563 - proto LEPP star
e Large star-to-star scatter for n-capture elements (e.g. Sr and
Ba)

Cowan et al, 2011 and Hansen et al, 2012
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Stellar abundances

Abundance star-to-star scatter and the 2nd r-process

What can we learn from stellar abundances
e « - elements show a very low scatter
e Sr shows a very large scatter

Cayrel et al, 2004 and Hansen et al, 2012
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Stellar abundances

Correlations

Correlation - Anticorrelation

If two elements are created by the same process, they most likely
grow in the same way (correlate).

Elements (38< Z < 50) are generally found to anti-correlate with

Z > 56 e|ementS (Burris et al, 2000, Montes et al, 2007, Francois et al 2007)
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2nd r-process
[ ]

Weak s-process elements - Sr (85%) and Y (92%) Arandini et al 1999

Hansen et al, 2012
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2nd r-process
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2nd r-process

Main s-process and main r-process elements - Ba (81%) and Eu

(94%)
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2nd r-process

Observational indications of a 2nd r-process
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Observational indications of a 2nd r-process
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2nd r-process

Observational indications of a 2nd r-process
e Ag and Pd correlate - they are produced by the same process

e Ag does not correlate with the weak s-process elements; Sr
and Y

e Ag does not correlate with Ba (main s-process at solar
metallicity)

e Ag strongly anticorrelates with Eu (94% main r-process
element; Arlandini et al 1999)

e Ag and Pd both created by the weak r-process

e How can we charactherize this 'weak’ r-process
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Yield predictions
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Yields
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Yield predictions

Yields

A comparison to model yield predictions (Hansen et al, 2012)

Ye=0.45 — entropies varied
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e High-Entropy Wind parametrized models with entropy (S),
wind velocity (v) and Y. as free parameters. Farouqi et al 20092010

e 2D models of Low-mass O-Mg-Ne core collapse SN based on &
selfconsistent explosion (no free parameters). wanajo et al 20102011 =7 =
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Yield predictions

Yields

r-poor vs r-rich stars: HD122563 & CS31082-001

Ye=0.45 — entropies varied

Ye=0.45 — entropies varied
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Yield predictions

Yields

The r-rich and r-poor stars show patters that require very different
conditions from the explosion/environment

Ye = 0.442
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