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Hubble tension

Di Valentino+2021
Teresa Sicignano



Riess+2022

The extragalactic distance scale. 
The three steps to H0 

Geometry

Standard Candles

SN Ia

1. Geometric indicators to calibrate the 
Period-Luminosity (PL) relations of 
Cepheids

2. PL relations to calibrate the absolute 
magnitude of the peak luminosity of SN 
Ia

3. SN Ia distance + recession velocity →
H0
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Teresa Sicignano



Riess+2022

1. Geometric indicators to calibrate the 
Period-Luminosity (PL) relations of 
Classical Cepheids
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The first step to H0 

 Period Luminosity relation

Teresa Sicignano
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Period Luminosity relation

Leavitt 1912
Teresa Sicignano
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Period Luminosity in the Great Debate 

Hubble 1925
Teresa Sicignano
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Period Luminosity in the Great Debate 

Hubble, Washington, 1927
Teresa Sicignano
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Only Period Luminosity?

Hubble 1925

Sandage 1958
Log P
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• Pulsating star  𝑃 𝜌 = 𝑐𝑜𝑛𝑠𝑡
• Stefan-Boltzmann law 𝐿 = 4𝜋𝜎𝑅2𝑇𝑒

4
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The Period-Luminosity-Color relation

Madore & Freedman1991

P is a function of M, L, and Teff 
(and chemical composition)

log 𝑃 = 𝑎 + 𝑏′ log 𝐿/𝐿⊙ + 𝑐′ log 𝑀/𝑀⊙ + 𝑑 log 𝑇𝑒𝑓𝑓

Teresa Sicignano
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The Period-Luminosity-Color relation

Madore & Freedman1991

P is a function of M, L, and Teff 
(and chemical composition)

log 𝑃 = 𝑎 + 𝑏′ log 𝐿/𝐿⊙ + 𝑐′ log 𝑀/𝑀⊙ + 𝑑 log 𝑇𝑒𝑓𝑓

M is not independent

Teresa Sicignano



log 𝑃 = 𝑎 + 𝑏 log 𝐿/𝐿⊙ +𝑑 log 𝑇𝑒𝑓𝑓
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The Period-Luminosity-Color relation

Madore & Freedman1991

With observable quantities:

log 𝑃 = 𝛼′ + 𝛽′ 𝑀𝜆1
+ 𝛿′ 𝑀𝜆2

− 𝑀𝜆1

Teresa Sicignano



log 𝑃 = 𝑎 + 𝑏 log 𝐿/𝐿⊙ +𝑑 log 𝑇𝑒𝑓𝑓
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The Period-Luminosity-Color relation

Madore & Freedman1991

With observable quantities:

𝑀𝜆1
= 𝛼 + 𝛽 log 𝑃 + 𝛿 𝑀𝜆2

− 𝑀𝜆1

Teresa Sicignano



log 𝑃 = 𝑎 + 𝑏 log 𝐿/𝐿⊙ +𝑑 log 𝑇𝑒𝑓𝑓
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The PLC relation and its projections

Madore & Freedman1991

With observable quantities:

𝑀𝜆1
= 𝛼 + 𝛽 log 𝑃 + 𝛿 𝑀𝜆2

− 𝑀𝜆1

• The PLC relation holds for each individual 
Cepheid:  period + color  →  absolute magnitude →  
distance 

• The PL relation is obtained by averaging over the 
color extension of the instability strip

Teresa Sicignano



log 𝑃 = 𝑎 + 𝑏 log 𝐿/𝐿⊙ +𝑑 log 𝑇𝑒𝑓𝑓
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The PLC relation and its projections

Madore & Freedman1991

With observable quantities:

𝑀𝜆1
= 𝛼 + 𝛽 log 𝑃 + 𝛿 𝑀𝜆2

− 𝑀𝜆1

• The PLC relation holds for each individual 
Cepheid:  period + color  →  absolute magnitude →  
distance 

• The PL relation is obtained by averaging over the 
color extension of the instability strip

Standard(izable)  Candle

𝑀𝜆1
= 𝛼 + 𝛽 log 𝑃

Teresa Sicignano
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The Instability Strip

Bhardwaj+2022

• The conditions for radial pulsation define a 
locus in the Temperature-Luminosity plane 
known as the “Instability Strip”.

• When stars cross it in their evolution, they 
become radial pulsators.

• The finite width in temperature of the Strip 
causes the pulsational period to depend both 
on luminosity and temperature.

→ Pulsating variables provide extra 
observables (periods, amplitudes) that 
correlate with fundamental stellar 
properties (L, 𝑇𝑒𝑓𝑓, M).

Teresa Sicignano
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The physics behind the scenes…

Teresa Sicignano
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The Pulsation mechanism

Teresa Sicignano



Pulsating stars are intrinsic variables showing  periodic variations.
In the simplest case they are radial pulsators. 

Pulsating variable stars
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The basic driver of pulsation are changes to opacity:

𝜅 mechanism: effect of 𝜅 ( 𝜌𝑇−𝑠) variations on L 
variations  

𝛾 mechanism: effect of 𝑇 variations on L variations 
(L ∝ 𝑇4) 

Initial contraction phase → density increases →
Small increase of T  →   Small L variation  →
Energy is trapped     → Energy excess during the 
subsequent expansion phase → PULSATION

Teresa Sicignano
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• Classical Cepheids: Pop I; 3-13 𝑀⊙; 0.2-100 days;    
             fundamental, first, and second 
             overtone modes.

• RR Lyrae: Pop II, 0.5-0.8 𝑀⊙; 0.2 – 1 day, fundamental 
  and  first overtone modes.

• Type II Cepheids: BLHer & WVir Pop II; low mass; 
1-4 & 4-20 days.

RVTau t > 2 Gyr; intermediate     
mass; 20-100 days.

• Anomalous Cepheids : intermediate age; 1.3-2.3 𝑀⊙; 
  0.5-2.5 / 0.4-1 d; fundamental 
  and  first overtone modes.

Path to the Instability Strip

Bhardwaj+2022

Teresa Sicignano
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Period Luminosity relations of pulsating stars in the LMC

Data from Cusano+2021, Ripepi+2022, 
Sicignano+2024,2025 under reviewTeresa Sicignano



→ Astronomers have used PL, but… if we want 1% precision on the       
Hubble constant, we must investigate every source of dispersion and 
systematics.
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Limitations of the PL relation

Teresa Sicignano



→ Astronomers have used PL, but… if we want 1% precision on the       
Hubble constant, we must investigate every source of dispersion and 
systematics.

❑Width of the PL
❑Extinction 
❑Metallicity
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Limitations of the PL relation

Teresa Sicignano



• PL has a finite width → average 
goes with ~ square root of N.

• PL is a projection of the Period-
Luminosity-Color.
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❑Width of the PL

Teresa Sicignano
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The blue light is strongly absorbed 
and scattered by the dust, making 
the objects appear redder.

❏Stellar atmosphere

❑Extinction law

❑Instrumental filter response

❑Extinction
Skowron 2022

Teresa Sicignano
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From the PLC to the Period Wesenheit

𝑊 = 𝛼 + 𝛽 log 𝑃

Wesenheit function introduced by Madore in 1982.
Defined to be a reddening-free quantity:

𝑊 ≡ 𝑀𝜆1
− 𝑅𝑀𝜆1

𝑀𝜆2
− 𝑀𝜆1

≡ 𝑀𝜆1
−

𝐴𝑀𝜆1

𝐸 𝑀𝜆2
− 𝑀𝜆1

𝑀𝜆2
− 𝑀𝜆1

𝑊 = 𝑀𝜆10
+ 𝐴𝑀𝜆1

− 𝑅 𝑀𝜆2
− 𝑀𝜆1 0

+ 𝐸 𝑀𝜆2
− 𝑀𝜆1

 

 

 𝑊 = 𝑀𝜆10
+ 𝑅𝑀𝜆1

𝑀𝜆2
− 𝑀𝜆1

− 𝑅 𝑀𝜆2
− 𝑀𝜆1 0

+ 𝐸 𝑀𝜆2
− 𝑀𝜆1

 𝑊 = 𝑀𝜆10
− 𝑅 𝑀𝜆2

− 𝑀𝜆1 0
= 𝑊0

𝑀𝜆1
= 𝛼 + 𝛽 log 𝑃 + 𝛿 𝑀𝜆2

− 𝑀𝜆1

Riess+2018
Teresa Sicignano
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Adapted from De Somma+2024 Adapted from Trentin+2024

log 𝑃 = 𝛼 + 𝛽𝑊 + 𝛾𝑍

❑ Metallicity 

P is a function of M, L, and Teff 
(and chemical composition)

Theory Observations

Teresa Sicignano
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log 𝑃 = 𝛼 + 𝛽𝑊 + 𝛾𝑍

❑ Metallicity 

P is a function of M, L, and Teff 
(and chemical composition)

Breuval + 2024
Teresa Sicignano
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Not only Classical Cepheids…
Other pulsating stars that populate the 
instability strip can be used to 
establish an alternative first step of the 
extragalactic distance scale.

Data from Cusano+2021, Ripepi+2022, 
Sicignano+2024,2025 under reviewTeresa Sicignano



An alternative  self-consistent stellar route to the 
Hubble constant
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Exploitation of the VMC-Deep and TNG-REM photometry for Type II and Anomalous 
Cepheids.

Quantify the effect of metallicity on the zero point and slope of PL relation through 
high-resolution spectroscopic abundances from the 4MOST 1001MC survey and 
UVES spectra. 

Compare the distance scales produced for different kinds of pulsating stars and 
look into the reasons for any discrepancies.

↓
Provide a common self-consistent calibration of secondary distance indicators.

Calibration through Gaia DR4 parallaxes.

Teresa Sicignano
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TYPE II AND ANOMALOUS CEPHEIDS IN THE 
MAGELLANIC CLOUDS
• VMC is an ESO public survey (P.I.  M.-R.  Cioni)
• Observations in YJKs with VIRCAM@VISTA 4 m (Paranal, Chile)
• Data reduction with the VISTA Data Flow System (VDFS) pipeline at CASU (Cambridge Astronomical Survey Unit)
• Catalogues handling through the Vista Science Archive (VSA) 

339 T2Cs  and 198 ACs 
with VMC photometry in 
the Magellanic Clouds

Teresa Sicignano
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TEMPLATE FITTING TO THE DATA
To construct the  PL/PW it is necessary to calculate the intensity-averaged 
magnitudes, using the tecnique of templetes.

Teresa Sicignano



TYPE II CEPHEIDS
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OBSERVED PERIOD – LUMINOSITY RELATIONS  Sicignano+2024,
A&A, 685, A41.

LIGHT CURVES

Teresa Sicignano



TYPE II CEPHEIDS
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FITTED  PERIOD – LUMINOSITY AND PERIOD - WESENHEIT  RELATIONS  

Sicignano+2024,
A&A, 685, A41.

Teresa Sicignano



IMPACT ON THE DISTANCE SCALE
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The distance moduli of GGCs appear 
overestimated up to 3%.

Comparison between our distance moduli and those by Baumbgardt & Vasiliev 21

Sicignano+2024,
A&A, 685, A41.

Teresa Sicignano



Riess+2022

1. Geometric indicators to calibrate the 
Period-Luminosity (PL) relations of 
Cepheids
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Freedman+ 2021

IMPACT ON THE DISTANCE SCALE

Teresa Sicignano



ANOMALOUS CEPHEIDS
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OBSERVED PERIOD – LUMINOSITY RELATIONS  

Sicignano
+2025, A&A,
under revision.

LIGHT CURVES

Teresa Sicignano



ANOMALOUS CEPHEIDS
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FITTED PERIOD – LUMINOSITY AND PERIOD WESENHEIT RELATIONS  

Sicignano
+2025, A&A,
under revision.

Teresa Sicignano



ANOMALOUS CEPHEIDS
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FITTED PERIOD – LUMINOSITY AND PERIOD WESENHEIT RELATIONS  

Sicignano
+2025, A&A,
under revision.

FIRST TIME: FUNDAMENTALIZATION OF FIRST OVERTONE ACs 

Teresa Sicignano



ANOMALOUS CEPHEIDS
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FITTED PERIOD – LUMINOSITY  AND PERIOD-WESENHEIT RELATIONS  

Sicignano
+2025, A&A,
under revision.

Teresa Sicignano



IMPACT ON THE DISTANCE SCALE
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Comparison between our LMC distance moduli 
based on Gaia DR3 parallaxes of Galactic ACs and 
the geometric one based on eclipsing binaries 
(𝝁𝑳𝑴𝑪 = 𝟏𝟖. 𝟒𝟕𝟕 ± 𝟎. 𝟎𝟎𝟑 ± 𝟎. 𝟎𝟐𝟕 𝒎𝒂𝒈 )

Sicignano
+2025,A&A,
in press.

Teresa Sicignano



LMC/SMC RELATIVE DISTANCE
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Sicignano+2025, under review.

Teresa Sicignano



DRACO
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Sicignano
+2025,A&A,
under review.

To calibrate the zero points of our 
relations we used the distance 
modulus of the LMC as measured 
by Pietrzynski et al. (2019) based 
on eclipsing binaries 
(𝜇𝐿𝑀𝐶 = 18.477 ± 0.003 ±
0.027 𝑚𝑎𝑔 )

Teresa Sicignano



Conclusions

• The most accurate 𝐻0 coming from the Late Universe is based on 
CC+SN Ia 3 run distance scale.

• We are pursuing an alternative to it based on T2Cs and Acs.

• Same base physics but sample completely independent so we 
can check systematics and improve statistics. 
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Future prospectives
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PERIOD –
LUMINOSITY 
RELATION

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{
{

TYPE II CEPHEIDS DIRECTLY IN SN Ia HOST
LSST VERA RUBIN AND NANCY GRACE ROMAN SPACE TELESCOPES.

Sicignano+,
in prep.

Teresa Sicignano



teresa.sicignano@inaf.it

Thank you for your attention!
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