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Intro

Abundance Standards: Solar vs. Cosmic

Sun Early B-type stars

* 4,56 Gyr old * young: ~ 10 Myr

* potentially far from * close to parental star-formation region
Galactic birth radius * (bright) point sources

* highly detfailed observations * simple atmospheres:

* complex atmosphere: radiative equilibrium (1D)

convection (3D), chromosphere .« jing spectra: ubiquous non-LTE effects
* overall small departures from LTE o \yeqk stellar winds: no diffusion, no
* diffusion:; impact on atmospheric structure

photospheric vs. bulk compaosition  « 1o dust depletion unlike in HIl regions &
* laboratory studies of Cl chondrites  the diffuse ISM

feasible * pollution with CNO-cycled material
possible

* several fen objects in
* one object: typical or special? solar neighbourhood (d<500pc)
fracing Gould's belt

M universitat » both subject fo intense study Solvay Workshop



Diagnostics

Sample/Observational bias

currently: ~80 usable objects, many more problematic for analysis
- identification of problematic objects before analysis starts:

* binarity: impact of second light
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* Be stars: impact of light from disk on photospheric spectrum: veiling

* CP phenomenon: rare among early B-type stars

M universitat but: He-strong, He-weak stars Solvay Workshop
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Diagnostics

Codes

* LTE model atmospheres:
ATLAS9 (Kurucz)

* radiative fransfer & statistical equilibrium (trace species approx.)
DETAIL (Giddings, Butfler + many recent updates/extensions)

* formal solution:
SURFACE (Giddings, Butler + many recent updates/extensions)

-» Nybrid non-LTE: ADS

O un Iversitat Solvay Workshop
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(Restricted) NLTE Problem

Non-Local Thermodynamic Equilibrium

*fransfer equation

d[ _ /s,
Har,

*stafistical equilibrium:

nz’Z(RijJrcz Zn szV )
J#i J#i
* radiative rates:

J,
Rij 4W/Ui]'h—;dv non-local

* collisional rates:
Cij = ne / o) fody  local

* excitation, ionization, charge exchange,
dielectronic recombination, etc.

= model atoms

ENERGY 1/CM

+10°

Diagnostics

Mgll: Przybilla et al. (2001)

huge amounts of

atomic data:

OP/IRON Project & own

M universitat formal solution: experimental gf & MCHF/MCDHF oy Wotkshop
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Consequences for models
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Diagnostics

fit to observation:
our model, using
model atom of

76 5_5‘77 _ 6578 6.5‘79 6580 Nieva & Przybilla

(2008)
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Consequences for models
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e

input atomic data crucial

Diagnostics

fit to observation:
our model, using
model atom of

76 6_5‘77 _ 6578 6.5‘79 6580 Nieva & Przybilla

(2008)

model comparison
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Quantitative Spectroscopy wit

h Little Systematics

Nieva & Przybilla (2012)

Diagnostics
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* ~10%lines: ~60 elements, 200+ ionization stages
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* OB stars: complete specfrim synthesis in visual & near-IR, up to ~95% in NLTE" ™



1.2

Quantitative Spectroscopy with Little Systematics 2O
2 Nieva & Pr7ylr_willﬂ (9019?
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~10°fines: ~60 elements, 200+ ionization stages
* OB stars: complete spectfim synthesis in visual & near-IR, up to ~95% in NLTE”
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uv Spec’rral Range wﬂh HST/STIS

Diagnostics

Schoffenro‘rh (2015)
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* ~10%lines: ~60 elements, 200+ ionization stages
* OB stars: UV ~50% of lines in NLTE, rest LTE = atomic data missing, high-quality observations



Extending the elemental coverage in the UV Piagnosties

Schaffenroth (2015)
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Diagnostics

Quantitative Spectroscopy using NLTE Diagnostics

using high-quality spectra, getting rid of
robust analysis methodology & systematics !!!
comprehensive model atoms

ionization equilibria =™ T,

elements: e.g. He l/Il, C lI/lI/IV, O I/ll, Ne I/1l, Si ll/I/1V, S /1, Fe i/
ATei / Ter ~ 1%

Stark broadened hydrogen lines =# log g
Alog g ~ 0.05...0.10 (cgs)

microturbulence, helium abundance, metallicity

+ other constraints, where available: SED’s, near-IR, ...

abundances: Aloge ~ 0.05...0.10 dex (1o-stat.)  usually: factor ~2
Aloge ~ 0.07...0.12 dex (10-sys.) 277
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Cosmic abundances

Chemical composition of the solar neighborhood

@ present day

N & 10~005dex| _ Nieva &Prybila 2012)
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Cosmic abundances

Comparison CAS & Solar Standard

Element CAS Sun (photospheric) A(CAS-0)
Asplund et al. (2009)
C 8.33+0.04 8.43+0.05 -0.10
N 7.79+0.04 7.83+0.05 -0.04
O 8.76+0.05 8.69+0.05 0.07
Ne 8.09+0.05 (7.93+0.10) 0.16
Mg 7.56+0.05 7.60+0.04 -0.04
Al (prelm.)  6.28+0.07 6.45+0.03 -0.17
Si 7.50+0.05 7.51+£0.03 -0.01
S (prelim.) 7.16+0.06 7/.12+0.03 0.04
Ar (prelim.)  6.50+0.06 (6.40+0.13) 0.10
Fe 7.562+0.03 7.50+0.04 0.02

* Sun a bit more metal rich according to Caffau et al. (2010)
* confirmation of CAS from a few BA-type supergiants

* surprising good agreement ... suspicious
* Protosun is even more metal rich

... N0 GCE over past 4.56 Gyrs ?

O un Iversitat Solvay Workshop
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log (Mg/Fe)
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* solar-type stars (long-lived):

constraints on
Galactochemical evolution
over time

delayed CN-production in
intfermediate-mass stars

B universitat
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log (C/0)

log (N/O)

Cosmic abundances

Genesis of Heavy Elements over Cosmic History

a-enhancement:
delay of SN la w.r.t. SNII

Nieva & Przybilla (2012)
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Cosmic abundances

Genesis of Heavy Elements over Cosmic History
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Cosmic abundances

Genesis of Heavy Elements over Cosmic History
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Cosmic abundances

Galactochemical evolution
over cosmic history

Galactic abundance grcdi_eﬁ"[?,?ﬁ‘f"

[y

—p fadial migration of Sun i
Milky Way disk 4

birth radius of Sun at
R,~5-6 kpc



Summary

Summary

* early B-type stars excellent probes for spatial distribution of
chemical abundances @ present day

*early B-stars in solar neighbourhood chemically hogeneous
=P Cosmic Abundance Standard

* similarities and differences with respect to solar standard
=P Cchemical tagging of the Sun's birth radius

* many applications, e.g.
- quantifying depletion onto dust grains in the ISM
- spatial distribution of elemental abundances in Milky Way
- inifial composition for modelling stellar evolution
- boundary condition for GCE modelling
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