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OB-type Stars
(ZAMS to BA-SG stage)

• massive
      M:  ~ 8 ... 25 M⊙

• hot
      Teff: ~ 8000 ... 35000 K
• luminous
     L:    ~ several 103 ...105 L⊙

• „numerous”

Intro
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Metals in Solar Neighbourhood/Star Clusters
• massive stars & HII regions 
            chemical 
            inhomogeneity 

   BUT
• gas-phase of ISM in 
   solar neighbourhood 
   homogeneous   
   (e.g. Sofia & Meyer 2001)

   Theory:
• efficient mixing 
   mechanisms 
             homogeneity
   (e.g. Edmunds 1975,
    Roy & Kunth 1995)range in abundance

uncertainty

Chemical (In)Homogeneity from Cosmic Abundance Indicators
Intro
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Diagnostics
Hybrid non-LTE approach to spectral analysis
of OB stars
 LTE model atmospheres: 
     ATLAS9/12 (Kurucz)

 non-LTE radiative transfer & statistical equilibrium:
     DETAIL  

 non-LTE/LTE spectrum synthesis:
     SURFACE 

                       hybrid non-LTE:  ADS 
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Ω=1
Van Regemorter
Formula

CII

ab-initio
Schrödinger equation

LS-coupling:

low-Z Breit-Pauli Hamiltonian

Methods:
• R-matrix/CC approximation
• MCHF

+ comprehensive model atoms/
    high-quality atomic data

+ high-quality spectra
+ robust spectral analysis techniques
 multiple ionisation equilibria + hydrogen line profiles
 other constraints: SEDs, Gaia, interferometry …
 analysis of full spectrum 
  abundances:  Δlogε ~ 0.05...0.10 dex (1σ-stat.) 
                             Δlogε ~ 0.1 dex (1σ-sys.)                    

minimising
systematics !

Diagnostics

standard error:
~0.01...0.02 dex
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Chemical composition of the solar neighborhood
@ present day

Chemical homogeneity          cosmic abundance standard

1σ ~ 0.05 dex Nieva & Przybilla (2012)

Red: our work                                                                                             black: OB stars literature

X=0.715    Y=0.271    Z=0.014

He C N O

Ne Mg Si Fe

Cosmic abundances
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Cosmic abundances
Comparison CAS & Solar Standard

Element          CAS             Sun (photospheric)     Δ(CAS-⊙)
                                               Asplund et al. (2021)

8.33±0.04     
7.79±0.04
8.76±0.05
8.09±0.05
7.56±0.05
6.28±0.07
7.50±0.05
7.16±0.06
6.58±0.05
7.52±0.03

C
N
O
Ne
Mg
Al (prelim.)
Si
S (prelim.)
Ar
Fe

 8.46±0.04     
 7.83±0.07
 8.69±0.04
 8.06±0.05
 7.55±0.03
 6.43±0.03
 7.51±0.03
 7.12±0.03
 6.38±0.10
 7.46±0.04

-0.13
-0.04
 0.07
 0.03
 0.01
-0.15
-0.01
 0.04
 0.20  Keiler et al. (in prep.)
 0.06

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

• Protosun is even more metal rich (diffusion @ bottom conv. zone)
            ... no GCE over past 4.56 Gyrs ?
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Genesis of Heavy Elements over Cosmic History

α-enhancement:
delay of  SN Ia  w.r.t.  SNII

• solar-type stars (long-lived):
   constraints on 
   Galactochemical evolution
   over time

    delayed CN-production in
    intermediate-mass stars

Nieva & Przybilla (2012)

Cosmic abundances
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Genesis of Heavy Elements over Cosmic History

• comparison with 
   our data on early B stars

tight constraints !

present-day chemical composition 
of solar neighbourhood at odds
with solar composition in view
of GCE

Cosmic abundances

Nieva & Przybilla (2012)
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Place of birth of the solar system
Galactochemical evolution
over cosmic history        
                 &
Galactic abundance gradients

           radial migration of Sun in 
           Milky Way disk
           birth radius of Sun at 
           Rg~5-6 kpc

Cosmic abundances

see also:
Wielen et al. (1996)
Minchev et al. (2013),
Minchev et al. (2018),
Feltzing et al. (2020),
Frankel et al. (2020),
Tsujimoto & Baba (2020),
Baba et al. (2023),
Lu et al. (2024)



UV (HST/STIS)

• ~105 lines:  ~60 elements, 200+ ionization stages
• OB stars: UV ~50% of lines in non-LTE, rest LTE – atomic data missing, high-quality observations

Schaffenroth (2015)

Extension Work



+ B-type supergiants (Weßmayer et al. 2022,2023)
+ weak wind late O-type stars (Aschenbrenner et al. 2023)
+ early-type binary/multiple stars (Aschenbrenner et al. 2024) 

Aschenbrenner et al. (2024)

quadruple system
HD37061 in M43

• ~105 lines:  ~60 elements, 200+ ionization stages
• OB stars: complete spectrum synthesis in visual & near-IR, 100% in non-LTE

Extension Work

NASA, ESA, M. Robberto

all confirm CAS

2 epochs:
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Extension Work

HD144941 – early B star @  Z = 1/10 Z⊙ ?
Przybilla et al. 2021, A&A 654, A119 

Zeeman splitting
     15 kG 
      magnetic field
most extreme
He-strong star
fallback of HeI,
95% surface He
normal [Fe/H]

comparison with 18 Peg

exposed CN-burning layers

All confirm CAS? – The unique outliers



Extension WorkAll confirm CAS? – The unique outliers
Weßmayer et al. 2023, A&A 677, A175:
Sher 25 in NGC3603 – SN1987A lookalike 

NASA/ESA Hubble; Robert O'Connell et al. George Sonneborn (Goddard), 
Jason Pun (NOAO); NASA/ESA

 unrelated to NGC3603 – in foreground, older
 revision:
    ~60M⊙ (Smartt et al. 2002),
    50±10M⊙ (Hendry et al. 2008)

            ~25M⊙, much closer to Sk–69°202
 bipolar nebula ejection likely from merger 
   ~6600yr ago (Brandner et al. 1997) 

Weßmayer et al. 2024, A&A 687, L7:
Runaway BN-SG HD93840
–  blue cc-SN progenitor

 impostor of a ~20M⊙ star
       real mass ~8-11M⊙

 product of binary evolution,
overluminosity by factor ~7
 high μ, very advanced in 
He-burning

Sher 25

HD93840

γ Col
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Summary

• OB-type stars excellent probes for spatial distribution of 
   chemical abundances @ present day

• OB-stars in solar neighbourhood chemically hogeneous
                          Cosmic Abundance Standard

• similarities and differences with respect to solar standard
                          chemical tagging of the Sun‘s birth radius

 
• many applications for the future: 
 tight observational constraints for
   - massive star evolution
   - GCE
 
• unique outliers

Summary
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