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Extragalactic distance 
ladder (Riess+2024)
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The LMC distance dispute

Cole,1998,ApJL,500,137
(m-M)LMC=18.50±0.10 mag
Freedman+2001(ApJ,553,47)
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Systematic uncertainties:
 use of theoretical models of hot stars to predict fluxes
 model dependent determination of the extinction
 HV5936 – semidetached configuration 
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1996:
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2001:
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Wyrzykowski+2002:
2580 EBs from OGLE-II observations in the 
Large Magellanic Cloud

5 good candidates:
red, long period, detached eclipsing binaries 
with giant stars,  V≈16-18 mag ! 



Litomyśl 10September 9, 2024



Litomyśl 11September 9, 2024

Extinction
(Skowron+2021)

D(25658):   49.03 +/- 0.53 (stat) +/- 
1.04 (syst) kpc

SOFI, NIR 
photometry The SBC

relation
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The new surface brightness - color 
calibration (0.8% precision)

Resulting distance modulus:
18.477 ± 0.004 ± 0.026 mag 
Distance:
49.59 ± 0.09 ± 0.54 kpc, (1.1%) 
(Pietrzyński+2019, Natur,567,200)

Revised eclipsing binary distance to the LMC
(Graczyk+2018, Gallenne+2018, Pietrzyński+2019)
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We applied the new SBC relation 
(Pietrzynski+2019,Nature,567,200) 
to 15 late-type eclipsing binary stars

Resulting distance modulus:
18.977 ± 0.016 ± 0.028 mag 
and distance:
62.44 ± 0.47 ± 0.81 kpc
(precision of 1.5%)

Goal: setting extragalactic distance 
scale with 1% precision

Distance to the Small Magellanic Cloud (LMC)
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Structure of the SMC



Litomyśl 15September 9, 2024

Structure of the SMC
Cepheids
(Jacyszyn-Dobrzeniecka,
2016,AcA)
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Calibration of the extragalactic 
distance scale
(e.g. Freedman 2021, ApJ, 919, 16)      
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Steer(2020,AJ,160,199):

Advantages of measuring distances with 
eclipsing binary stars:

 Near-geometric method, as long as a SBCR is used!
 Only little sensitive to the reddening, as long as …
 Well known physics used in data analysis
 Potentially a lot of candidate targets in any galaxy 

Disadvantages:

 Time expensive – observations and data analysis
 Requires large telescopes even in closest galaxies and
 limited to about 1 Mpc with present facilities
 Sensitive to unrecognized multiplicity
 Lack of precise SBCR for massive, bright stars
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Beyond Magellanic Clouds James Webb Telescope
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Beyond Magellanic Clouds
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Beyond Magellanic Clouds
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