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Brightest stars at visual and IR light:

Ideal for

of galaxies

spectroscopy of individual
supergiants using
Keck/VLT

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



NGC 4258

callbrate Cepheld PLR (metaII|C|ty)
test alternatlve distance indicators

i ey fitzki et al., 2024
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BSG targets

NGC 4258
7.6 Mpc
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Normalized Flux
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NGC 4258:
BSG spectra
Keck LRIS

Kudritzki, Urbaneja,
Bresolin, Macri,
Yuan,

Li, Anand, Riess,
2024



Detailed NLTE calculations by Norbert Przybilla, Joachim Puls and Miguel Urbaneja
some 10° metal lines in NLTE
low resolution spectrum fit method by RPK A T, log g, [Z]
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. blue supergiants

grey: HIl -regions

0.2 Z94 calibration

this calibration was used
by Riess et al., 2016
-0.0 to estimate Cepheid [Z]
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. blue supergiants

grey: HIl -regions
PPO04 calibration
this calibration was used
by Riess et al., 2022
to estimate Cepheid [Z]
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10 days (mag)
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Cepheid PLR zero point depends on metallicity

Cepheid Metallicity vs Geometric Anchors

M} = -5.899 (20.017) -0.250 (x0.037)[O/H] (mag) _ BSG r_netalhmty
SMC confirms Riess+2022

$ : PLR = f([2])

crucial forH |

-0.2 -0.4
[O/H] (dex)



Brightest stars at visual and IR light:

Davies, Kudritzki, Figer, 2010
I Davies, Kudritzki et al.
60M, 4" e - 2013,2017
Gazak, Kudritzki, Davies
et al. 2014, 2015
Lardo, Davies, Kudritzki
etal., 2015
Patrick etal. 2015, 2016,
2017

NLTE line formation
Fe, Ti, Si, Mg

Bergemann, Kudritzki et al.
2012, 2013, 2015
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Gazak, Kudritzki, Davies et al.,
2015, ApJ 805, 182

1.19
Wavelength [um]




[Z] [dex]

X v.Kudrit.z'kl Urbanejaf_”’"” 008, ‘ApJ 681 [269
Gazak, Kudritzki, Da‘ ApJ 805, ..

. i Sl [Z] = Iog Z/ Z 3.



Antennae galaxies at 20 Mpc: KMOS SSC spectra
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Antennae galaxies at 20 Mpc: KMOS SSC spectra
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status of BSG/RSG S - /
supergiant project - 2701 T N4033

M 4945 . M a3

Circinus
[ ]

N5123'r~151|32 .

NGC H128 e
. 5253
N1313 ) Group

to I IC 4652
N1365 .

NE2S Sculptar 1 1 N31(

o Group K300

7733 & NS Lﬂﬂalﬁfﬂtg . SEXA + ol
hd5 . LME&K . o el
+ M2E3 o, v N2 WLI . )
+ IC1613  Way 6822 ot Ne3s
1-4" e ow . i,
s LeOA H4Z14
i / i 2
70+ nights N'IEEEI. M V:live

Keck/LRIS/MOSFIRE \ AN s

3420 | bums +*MEE1“°“F' NE204 - vl e
VLT/FORS/KMOS . I T T .
M404 T i 3077, + M4E05
Malfeille  yiesg Ny oo T
. NEED3
Maffei |

N754
* Chwingelon 1



Mass-Metallicity Relationship of galaxies

M?f’ Wl Rosetta stone to
et understand galaxy

MQ;N:O% formation and chemical
evolution!

solely based on
stellar spectroscopy

® [2]irom BSG galaxy evolution model:
® [Z]from RSG/SSC K d t k t |
—— models (Kudritzki+2021) udaritzki et al.,

2021a, ApJ 910, 87
2021b, ApJd 922,274

logM /M

star sun

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



Leo A

extremely metal poor dwarf
galaxy
[Z]= -1.35% 0.08

9h59™m358 255
RA ()2000)
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