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Gieren et al. (2001, Msng, 106, 15): 

“There are, however, still a number of important systematic uncertainties 

affecting both Cepheid variables and other secondary methods of distance 

measurement which have so far prevented a truly accurate calibration of the 

extragalactic distance scale.” 

“The astrophysical consequence of such limitation include a larger 

uncertainty on the Hubble constant than we hope for (...).” 

The Araucaria Project: 
Over 25 years of history… 

credit: W. Gieren

“The currently weakest link in the whole process of setting up the distance scale is our limited capability to measure truly accurate 

distances to nearby galaxies which provide the zero point calibration for the extragalactic distance scale. Our difficulties (...) are 

best reflected by the current dispersion of the distance values derived for the LMC (...). “ 

“As an added benefit, we will significantly improve our knowledge of many astrophysical properties of the object classes used for 

distance determination.”
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The Araucaria Project: 

The main goal of the Araucaria Project is to improve the 

calibration of the cosmic distance scale in the local 

Universe. We trace down environmental dependencies 

on the brightness of various standard candles by 

comparing distances to their host galaxies and clusters, 

obtained with different methods. We also seek to 

reduce systematic uncertainties in the extragalactic 

distance scale.



The Araucaria Project: 
Measuring distances in the universe

Pietrzyński et al. (2019), Fig. 3



The Araucaria Project: 
Measuring distances in the universe

Pietrzyński et al. (2019), Fig. 3
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Cosmic distance ladder:

Pietrzyński et al. (2019), Fig. 3



Cosmic distance ladder:

● eclipsing binaries 
(surface brightness - 
color relation), 

● Baade-Wesselink 
method.

● period - luminosity relations 
(PLR) for pulsating stars, 

● tip of the red giant branch 
(TRGB),

● J-AGB stars.

H0



Eclipsing binaries: 
Surface brightness - color relation (SBCR) 

Surface brightness - color relation (SBCR) - a simple relation being a powerful 

tool for predicting the angular diameters of stars. It describes how surface 

brightness (brightness per unit area) of a star changes with color.  

Surface brightness: 

where V
0
 is the V band magnitude corrected for the reddening and φ is the 

stellar angular diameter.

When the distance (or the trigonometric parallax) to a particular star is known, 

application of an SBCR immediately gives its radius. When the radius of a star is 

known, an application of SBCR gives a robust distance. 

credit: chatGPT



Eclipsing binaries: 
Surface brightness - color relation (SBCR) 
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The following relation was obtained from a least-squares fit: 

S
V
 = (1.330 ± 0.017) × [(V−K)

0
 − 2.405] + (5.869 ± 0.003)  mag

Pietrzyński et al. 2019  (Nature 567, 200), Fig. 1 



Eclipsing binaries: 
Surface brightness - color relation (SBCR) 

Pietrzyński et al. (2019), Fig. 1
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Distance:
 

 d = 9.2984 × R (R
☉

) / 𝜃 (mas),
 

where 𝜃 = 100.2(Sv-V0) 

Final distance:

49.59 ± 0.09 (statistical) ± 0.54 (systematic) kiloparsecs 

18.477 ± 0.004 (statistical) ± 0.026 (systematic) mag 



Eclipsing binaries: 
Surface brightness - color relation (SBCR) 

1% accuracy!!!



Baade - Wesselink method (BWM): 

SBCR

Credit: ESO

Distance determination method for 
stellar objects, for which the 
photosphere can be approximated as a 
spherically moving (expanding) shell.



Baade - Wesselink method (BWM): 

Fig. 6
Fig. 6



Period - luminosity relation (PLR): 
Cepheids, Type II Cepheids, RR Lyr stars 

PLR method base on an assumption that 
pulsating stars serve as standard candles.  



Period - luminosity relation (PLR): 
calibration, application, systematic errors… 

Fig. 2
Fig. 3

Fig. 3



Tip of the red giant branch (TRGB): 

TRGB

Górski et al. (2018), Fig. 1

Górski et al. (2018), Fig. 4



Tip of the red giant branch (TRGB): 
Górski et al. (2018), Fig. 1

Górski et al. (2018), Fig. 4

Freedman et al. (2019), Fig. 17



J-Type Asymptotic Giant Branch (JAGB) - they are thermally pulsating AGB stars with the 

convective envelope, which is being enriched in carbon, brought to the surface via 

thermal pulses from the helium-burning shell. Carbon stars have their masses in a small 

range, which translates to their constant luminosity, making them useful standard 

candles. 

J-AGB stars: 

Madore & Freedman et al. (2020), Fig.1 Madore & Freedman et al. (2020), Fig.5



J-AGB stars: 

Zgirski et al. (2021), Fig. 2 Zgirski et al. (2021), Fig. 10



Other projects: 

Górski et al. (2020), Fig. 5

Reddening maps
Physics 
of stars

peculiarities and side projects

Netzel et al. (2026), 
submitted 2012, Nature, 484, 75

http://adsabs.harvard.edu/abs/2012Natur.484...75P


Rolf Chini Cerro Murphy Observatory:

Talk of 
Paulina Karczmarek! 

credit: G. Vecchia



● Summer practice for bachelor and master students. 

● Observational practice in the OCM for CAMK’s PhD students.

Who we are hiring next year?: 

● 1 PhD position, 

● 2 postdoc positions,

● 1 student. 

What we offer?: 



Thank you for your attention! 

Questions?

credit: W. Promper, object: M8, source: OCM 1.5 m telescope


