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Extragalactic stellar astronomy 

Properties of stellar populations
Evolution of galaxies
Chemical abundances, ages
Interstellar extinction, dust properties
Star formation
Distances, Hubble constant

Quantitative stellar spectroscopy of individual stars 

                                       and integrated stellar populations

                                              in galaxies beyond the Local Group



NGC 300 : blue and red supergiant stars

Spectroscopy of individual stars

Kudritzki et al. 2008
Gazak et al. 2015



supergiants ð beacons in the Universe
Brightest stars at visual and IR light: 105..10 6 Lsun    
                                          
                         BSG: -7 Ó MV Ó - 10 mag
                           RSG: -8 Ó MJ  Ó - 11 mag              

Å chemical compos.
Å distances  

of galaxies 

long term project:

spectroscopy of individual
supergiants  using 
Keck/VLT

  2 to 3 nights per galaxy
  70+ nights total so far

RSGBSG

ideal for  



NGC 4258                                      

VLBI of central water maser orbits (Reid et al., 2019)
         Ą d=7.58± 0.11 Mpc         æd/d = 1.5 % 

perspective :
key galaxy for H 0 

  -  calibrate Cepheid PLR (metallicity)  

   -  test alternative distance indicators     

Kudritzki et al., 2024                     



Keck/LRIS slit  1.2  wide                     

HST ACS BVI                      

NGC 4258

  7.6 Mpc                               

Kudritzki et al., 2024                     



NGC 4258                                      

Galactic template

NGC 4258 supergiant

Galactic template

Kudritzki et al., 2024                     



BSG targets                     

KPNO 0.9m

B- band                      

NGC 4258

  7.6 Mpc                               

Kudritzki et al., 2024                     



Kudritzki, Urbaneja, 
Bresolin, Macri, 
Yuan, 
Li, Anand, Riess, 
2024 

NGC 4258: 
      BSG spectra
      Keck LRIS
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[Z] = -1.3 é +0.3[Z] = log Z/ Zsun 

Detailed NLTE calculations by Norbert Przybilla, Joachim Puls and Miguel Urbaneja  

                                              some 105 metal lines in NLTE

                low resolution spectrum fit method by RPK Ą Teff , log g, [Z]



Kudritzki, Urbaneja , Bresolin
        Macri , Yuan, Riess, 2024 

NGC 4258: metal line fits
         



Kudritzki, Urbaneja , Bresolin
        Macri , Yuan, Li, Anand, Riess, 2024 

NGC 4258: Balmer line fits  Ą log g
         



red : blue supergiants

grey : HII -regions
         Z94 calibration
         this calibration was used
         by Riess et al., 2016
         to estimate Cepheid [Z]

metallicity vs galactocentric distance
         

Kudritzki, Urbaneja, 
Bresolin, Macri, Yuan, 
Li, Anand, Riess, 
2024 



red : blue supergiants

grey : HII -regions
         PP04 calibration
         this calibration was used
         by Riess et al., 2022
         to estimate Cepheid [Z]

Kudritzki, Urbaneja, 
Bresolin, Macri, Yuan, 
Li, Anand, Riess, 
2024 



red:  BSG metallicity
confirms Riess+2022
         PLR = f([Z])

crucial for H 0  

Cepheid PLR zero point depends on metallicity 



supergiants ð beacons in the Universe
Brightest stars at visual and IR light: 105..10 6 Lsun    

                                          
                        BSG: -7 Ó MV Ó - 10 mag
                        RSG: -8 Ó MJ  Ó - 11 mag
                                 
                                                              

RSG

RSG 
NIR spectral analysis

Davies, Kudritzki, Figer , 2010
Davies, Kudritzki et al. 
2013,2017
Gazak, Kudritzki, Davies 
et al. 2014, 2015
Lardo, Davies, Kudritzki 
et al., 2015
Patrick et al. 2015, 2016, 
2017

NLTE line formation
       Fe, Ti , Si, Mg

 Bergemann, Kudritzki et al.
        2012, 2013, 2015

BSG



NGC 300 : blue and red supergiant stars



ESO/VLT KMOS



NGC300 
KMOS RSG J-band spectra

final fits 
detailed NLTE models
by Bergemann, Kudritzki et al. 2012

                                       2013

                                       2015

Gazak, Kudritzki, Davies et al., 
2015, ApJ  805, 182

Fe Fe Ti
Mg MgFe

Ti Ti
Fe

Si Si

1.17 1.21



NGC 300 : blue and red supergiant stars
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Kudritzki, Urbaneja , Bresolin  et al. 2008, ApJ  681, 269
Gazak, Kudritzki, Davies et al., 2015, ApJ  805, 182 

[Z] = log Z/ Zsun 

Â  BSG

  ·   RSG



Antennae galaxies at 20 Mpc: KMOS SSC spectra

Lardo, Davies, Kudritzki, Gazak et al. 2015



Antennae galaxies at 20 Mpc: KMOS SSC spectra

[Z] = 0.11 ±  0.07

[Z] = 0.09 ±  0.08

[Z] = 0.01 ±  0.07

Lardo, Davies, Kudritzki, Gazak et al. 2015



N3621status of BSG/RSG
supergiant project

M101

SMC

WLM

SexA

IC1613 N6822

70+ nights
Keck/LRIS/MOSFIRE
VLT/FORS/KMOS

N4258

LeoA

to 
N4038

to 
N1365



Mass-Metallicity Relationship of galaxies

Urbaneja, Bresolin, Kudritzki, 2023
Kudritzki, Urbaneja, Bresolin, Macri, Yuan, Li, Anand, Riess,  2024
Bresolin, Kudritzki, Urbaneja, Sextl , Riess, 2025

Rosetta stone to 
understand galaxy 
formation and chemical 
evolution!

   solely based on         
stellar spectroscopy

galaxy evolution model: 
Kudritzki et al.,                               
2021a, ApJ  910, 87       
2021b, ApJ  922, 274



Leo A 
extremely metal poor dwarf 

galaxy
[Z] = - 1.35 ± 0.08

Urbaneja , Bresolin , Kudritzki 2023 



Sextl , Kudritzki, Burkert et al., 2024

spectroscopy 
of 

integrated stellar populations 

example: NGC 1365 


