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1. Measuring distances in the Universe 



Henrietta Leavitt (1908)

Henrietta Leavitt discovered that the brightest 
Cepheids have the longest periods ! 

PL relation calibrated by Henrietta Leavitt 
(Leavitt & Pickering 1912)
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1. Measuring distances in the Universe

M = a log P + b



1. Measuring distances in the Universe

Edwin Hubble and the 2.5m telescope  
at Mount Wilson Observatory Relation between galaxies distance and velocity (Hubble 1929)
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The tension on the Hubble constant (Javanmardi & Kervella 2019)
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Abstract. One of the most fundamental cosmological parameters is the current expansion rate of the
Universe, i.e. the Hubble Constant (H0). Recent studies revealed a significant tension between the local
measurements of H0 using Cepheids plus Type Ia Supernovae (SNIa) and the measurements from the cosmic
microwave background (CMB) observations. This tension calls for thorough investigations and it is extremely
important to understand its source which could be new physics beyond the standard model of cosmology, or
systematic issues in the measurements. In this project, we aim to perform an independent accurate Cepheid
distance measurement to the SNIa host galaxies in the local Universe, a crucial step for the determination
of H0.
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1 The Local and Cosmic Measurements of H0 are in Tension

Before the CMB observations by the Planck satellite, the local (empirical) measurements of H0 have been in
agreement with the predictions from the CMB analyses. However, the results from Planck Collaboration et al.
(2014, 2016) revealed a tension between these two sets of measurements. This tension became more significant
with the reportedly precise direct measurements by Riess et al. (2016, 2018). Figure 1 shows the local and
cosmic measurements of H0 since 2001 to present.

Fig. 1. Local (blue diamonds) and CMB (red squares) measurements of H0 vs. their publication years.

2 Accurate distance measurements to SNIa hosts using Cepheids

Obtaining an accurate local value of H0 involves a series of crucial steps each of which should be performed
with utmost care. To use cepheids in distant galaxies to calibrate SNIa magnitudes, it is very important to
have an accurate period-luminosity (PL) relation for Cepheids in the Milky Way (e.g. by using Gaia parallaxes,
Breuval & et al. 2019) and the Large Magellanic Cloud (using independent and precise distance measurements,
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Late universe (empirical)

CMB (model dependent)



1. Measuring distances in the Universe

The distance scale (Credit: NASA, ESA, A. Feild (STScI), A. Riess (STScI/JHU))



2. Calibration of the PL relation  
with Gaia DR2 parallaxes 

Gaia construction at ESA



‣ Over the past 20 years, only the Hubble Space Telescope (HST) 
provided precise geometrical paxallaxes of Cepheids : 

      → Freedman et al. (2001) 
      → Sandage et al. (2006) 
      → Benedict et al. (2002, 2007) 
      → Riess et al. (2011, 2014, 2016, 2018, 2019)

Hubble Space Telescope 
(NASA, ESA)

‣ GAIA satellite : first alternative to HST parallaxes.

GAIA satellite (ESA)

‣ We need very precise distances to calibrate the PL relation.

2. Calibration of the PL relation with Gaia DR2 parallaxes



Issue 1: The large uncertainty on the Gaia DR2 parallax zero-point (ZPGDR2). 
      → large systematics in the results.

Recent estimates of the Gaia DR2 parallax zero-point (Breuval et al. 2020)

We adopt ZPGDR2 = -0.046 ± 0.015 mas

2. Calibration of the PL relation with Gaia DR2 parallaxes



Issue 2: Gaia DR2 parallaxes are derived assuming that all the stars have a constant color and a constant 
brightness. (Lindegren et al. 2018, Mowlavi et al. 2018) 

    → Without chromaticity correction, GDR2 parallaxes of Cepheids may be potentially unreliable.
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Gaia Collaboration, Eyer L. et al. (2019)

2. Calibration of the PL relation with Gaia DR2 parallaxes



Cepheids with close companions                

‣ Kervella et al. (2019b): 22 candidates. 
‣ not variable, unsaturated (~6 mag fainter than Cepheids) 
‣ not sensitive to flux contamination by the Cepheid 
‣ resolved !

Proper motion of Delta Cep and its  
companion (Kervella et al. 2019b)

Gaia DR2 parallaxes of Cepheids are affected by systematics and may be potentially unreliable. 
→ We look for stable (non-variable) and faint stars in the close neighbourhood of Cepheids.

Proper motion of the Cepheid CF Cas 
and its host open cluster NGC 7790 

(Breuval et al. 2020)

Cepheids in open clusters                

‣ cross-match between a catalog of open clusters (Cantat-Gaudin 
et al. 2018) and Milky Way Cepheids: 14 candidates. 

‣ gain in precision by averaging over the cluster members 
‣ members are not variable stars and are generally fainter than 

Cepheids

2. Calibration of the PL relation with Gaia DR2 parallaxes



Period-Luminosity relation in the KS band derived from Gaia DR2 parallaxes of companion stars 
and open clusters hosting Cepheids (Breuval et al. 2020)

KS = -3.257±0.163 (logP - 1) -5.844±0.037

2. Calibration of the PL relation with Gaia DR2 parallaxes



3. Implications on the Hubble constant H0 



3. Implications on the Hubble constant H0

Best estimates of H0 from Riess et al. (2016), based on several anchors



3. Implications on the Hubble constant H0

Riess et al. (2016) 

15 parallaxes of Milky Way Cepheids 
HST/FGS, HST/WFC3, Hipparcos

H0, R16 = 76.18 ± 2.37 km/s/Mpc

Breuval et al. (2020) 

22 parallaxes of Cepheids companions 
14 parallaxes of open clusters hosting Cepheids 

Gaia DR2

H0, B20 = ???

Rescale of the Milky Way Hubble constant:     H0, B20  = (πB20 / πR16) H0, R16 

H0, B20 = 72.76 ± 1.86 (statistics, systematics) ± 1.89 (ZP) km/s/Mpc

→ Still large errors because of the uncertainty on the Gaia DR2 parallax zero-point. 
→ New value in better agreement with the other anchors from R16

MW: 34 Gaia DR2 parallaxes (Breuval+ 2020) 72.76 ± 2.65



‣ Using Gaia DR2 parallaxes of companions and open clusters instead of Cepheids 
parallaxes allows us to : 

      → bypass the systematics on GDR2 Cepheids parallaxes  
      → calibrate the PL relation with non-HST parallaxes 

‣ We revise the Milky Way value of the Hubble constant by using our sample of Gaia DR2 
parallaxes instead of previous non-Gaia parallaxes (mostly HST). From an initial value of 
76.18 km/s/Mpc (Riess et al. 2016), we obtain 72.8 km/s/Mpc. 

‣ We need to investigate the metallicity effect on PL relations ! 

‣ We expect the Gaia DR3 to : 

     → provide a precise (and smaller) value of the parallax zero-point  
     → provide more accurate parallaxes for Cepheids (but still no chromaticity corrections)

Conclusion
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