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Hubble tension

Di Valentino 2021



Riess+2022

The extragalactic distance scale. 
The three steps to H0

Geometry

St. 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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Type II Cepheids

BL Herculis W Virginis RV Tauri

Low mass Low mass Intermediate-mass

t>10 Gyrs t>10 Gyrs t>1-2 Gyrs

Post-HB AGB stars Post AGB stars

1-4 days 4-20 days 20-150 days

L > RRLyrae L> BLHer L> WVir

* pWVir
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Anomalous Cepheids
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≈1.3-2.3 M


Giants with partially He-degenerate core 

0.5-2.5 days/ 0.4 – 1 day

F, 1O

L(T2Cs)<L(Acep)<L(CCs) 

Z<10−4

Teresa Sicignano



Distance indicators
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Monelli+2022

Period Wesenheit (PW)
     Defined to be a reddening-free 
quantity:

𝑾 ≡ 𝑽 − 𝑹𝑽 ⋅ 𝑩 − 𝑽
𝑾 = 𝑽𝟎 − 𝑹 𝑩 − 𝑽 𝟎

      (Madore+1982)
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PERIOD–LUMINOSITY RELATION

PRESENCE IN ANCHORS

• 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



TYPE II CEPHEIDS
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OBSERVED PERIOD – LUMINOSITY RELATIONS  

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

LIGHT CURVES



ANOMALOUS CEPHEIDS
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OBSERVED PERIOD – LUMINOSITY RELATIONS  

Sicignano+2025, A&A,
 in submission.

LIGHT CURVES

Teresa Sicignano



TYPE II CEPHEIDS
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FITTED  PERIOD – LUMINOSITY RELATIONS  



ANOMALOUS CEPHEIDS
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FITTED PERIOD – LUMINOSITY RELATIONS  

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



Riess+2022

The first step to H0
1. Geometric indicators to 

calibrate the Period-
Luminosity (PL) relations of 
Cepheids
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Freedman+ 2021
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UNCERTAINTES: TO BE OR NOT TO BE PLZ?
TYPE II CEPHEIDS:
THEORY? OBSERVATIONS?

Di Criscienzo+2007

• Metallicity spanning of Pop II stars in 
the LMC.

• Predicted PL dependence on 
metallicity.

• 7 Galactic T2C show a dependence
              & No dependence in GGCs. 



4MOST 
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High resolution limit in the G band ~ 17 mag

Low resolution limit in the G band ~ 20 mag
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Synergies:
GAIA DR5         2030
LSST                    starting from 2026   

Reclassification and
discoveries for variable stars

Sicigano+,in prep.



Thanks to F.Ficara

4MOST MS Sun-like    1 kpc

WST MS Sun-like          3 kpc

4MOST Red Giant 8 kpc

WST Red Giant 20 kpc

Gaia DR3 Spectroscopy

WST MOS

High resolution mode up to mag V= 20 mag

Low resolution mode up to mag V= 22.5 mag
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4 hours of observation (1800s*8), 
Low resolution

4MOST up to magV~19 mag

WST up to 
magV~22.5 mag

Carina, Fornax , 
Sextans, Leo I 
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4 hours of observation (1800s*8), 
High resolution

4MOST up to magV~17 mag

WST up to 
magV~20 mag



Not only distance indicators
Stellar formation:
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Adapted from Ripepi+2024



Summary:
• 4MOST, LSST AND GAIA DR5 ARE CRUCIAL STARTING POINTS FOR WST.

• LOW RESOLUTION 
• 4MOST WILL ALLOW US TO DERIVE PLZ UP TO THE LMC 
• WST UP TO LEO I (250 kpc)

• HIGH RESOLUTION:
• 4MOST WILL ALLOW US TO OBTAIN GALACTIC SPECTRA OF T2CS AND ACS
• WST UP TO THE LMC
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teresa.sicignano@inaf.it

Thank you for your attention!
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Low resolution



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 )
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T2Ceps as distance indicators:
• Obey to a tight Period Luminosity relation with small dependence on metallicity

(Ngeow+2022).

• Brighter than RRLyrae; 1-1.5 mag fainter than the TRGB.

BLHer

WVir
RVTau

RRLyr

Bhardwaj+2020

CCs
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mos = wst.moshr
wave,dw  = 8500,50
spec = wst.get_spec
    moon = 'brightsky
    seeing = 0.7,
    airmass = 1,
    ndit = 6,
    dit = 1800,

mos = wst.moshr
wave,dw  = 6500,50
mag = 17
obs = dict(
    moon = 'brightsky
    seeing = 0.7,
    airmass = 1,
    ndit = 6,
    dit = 1800,
    spec_type
    ima_type = '

mos = wst.moshr
dspec = dict
name='pickles/f6v', 
             wave_center
mag = 17
obs = dict(
    moon = '
    seeing = 0.7,
    airmass = 1,
    ndit = 6,
    dit = 1800,
spec_type
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mos = wst.moslr['blue’] 
wave,dw  = 5200,50
mag = 17
obs = dict(
    moon = 'brightsky',
    seeing = 0.7,
    airmass = 1,
    ndit = 1,
    dit = 1800,
    spec_type = 'cont',
    ima_type = 'ps',
)
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A self-consistent stellar route to the Hubble constant
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PERIOD –
LUMINOSITY 
RELATION

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{
{

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, 
resulting in a new Hubble constant evaluation.

Calibration through Gaia DR4 parallaxes.



Future prospectives
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PERIOD –
LUMINOSITY 
RELATION

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{
{

SN Ia HOST
LSST

Sicignano+, in prep.



Future prospectives
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PERIOD –
LUMINOSITY

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{MASTER
THESIS

{PHD
PROJECT

SN Ia HOST
NANCY GRACE ROMAN SPACE TELESCOPE

Beaton’s lesson,
Budapest Spring School 2023



BACKUP SLIDES
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A self-consistent stellar route to the Hubble constant
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PERIOD –
LUMINOSITY 
RELATION

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{
{

ZERO POINT CALIBRATION
RRLYRAE THEORY AND OBSERVATIONS

Adapted from
Marconi+2015

Adapted from
Bhardwaj+2023
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The extragalactic distance scale. 
The three steps to H0



A self-consistent stellar route to the Hubble constant
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PERIOD –
LUMINOSITY 
RELATION

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{MASTER
THESIS

{PHD
PROJECT

ZERO POINT CALIBRATION
TYPE II CEPHEIDS:
THEORY? OBSERVATIONS?

Gratton+2004

• Metallicity spanning of RRLyrae 
(Pop II) in LMC.



A self-consistent stellar route to the Hubble constant
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PERIOD –
LUMINOSITY 
RELATION

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{MASTER
THESIS

{PHD
PROJECT

ZERO POINT CALIBRATION
TYPE II CEPHEIDS:
THEORY? OBSERVATIONS?

Wielgorski+2022

➢ Metallicity spanning of RRLyrae (Pop 
II) in LMC.

➢ Predicted PL dependence on 
metallicity for BLHer.

➢ 7 Galactic T2C show a dependence
 & No dependence in GGCs. 



WHY TYPE II CEPHEIDS?
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Adapted from Beaton+2016



Riess+2022

The first step to H0
1. Geometric indicators to calibrate the 

Period-Luminosity (PL) relations of 
Cepheids
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Riess+2024



PULSATORS AS DISTANCE INDICATORS
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PERIOD –
LUMINOSITY

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

+ Period Luminosity (PL)
+ Period Luminosity Colour (PLC)
+ Period Wesenheit (PW) - Defined to be a reddening-free quantity:



TYPE II CEPHEIDS
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PERIOD –
LUMINOSITY

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST



TYPE II CEPHEIDS
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PERIOD –
LUMINOSITY

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{MASTER
THESIS



Evolution of Population II stars
Z ~ 10−4 to Z ~ 10−3

• Zero Age Main Sequence
• Main Sequence
• Red Giant Branch
• Horizontal Branch
• Asymptotic Giant Branch
• CO White Dwarf
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BASIC ASTROPHYSICAL CONCEPTS



Pulsation mechanism
Trapped energy becomes pulsational work.
• γ Mechanism: an initial (stochastic) contraction of 

the star leads to an increase in density. In the 
ionization regions, at the same time, there is a 
temperature increase, but less than the same 
scenario without ionization. Since the luminosity L 
goes as T 4 , its variation will also be smaller: there is 
an energy entrapment. The excess energy, during the 
next expansion phase, goes into pulsational work. 

• Κ Mechanism: In a stellar interior, normally the 
opacity decreases during a contraction, according 
to Kramer’s law (κ ∼ ρT −3.5 ) producing a loss of 
heat. In the ionization regions, due to the interaction 
of radiation with matter, small increases in 
temperature cause a large increase in opacity (the 
temperature exponent in Kramer’s law becomes 
positive). This again means trapping of energy, which 
will be converted into pulsational work. 
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PULSATING STARS IN THE MAGELLANIC CLOUDS
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Type II and Anomalous Cepheids
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PULSATING STARS IN THE MAGELLANIC CLOUDS



Period-luminosity-colour and 
period-luminosity

𝑃 ≃ 𝑀−1\2 ⋅ 𝐿3\4 ⋅ 𝑇𝑒
−3

PLC exists for every star; 
PL and PC are statistical relations.

Observationally:
𝑀𝜆1

= 𝛼 + 𝛽 ⋅ log 𝑃 + 𝛾 𝑚𝜆1
− 𝑚𝜆2 0

𝑀𝜆1
= 𝛼 + 𝛽 ⋅ log 𝑃
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PULSATING STARS IN THE MAGELLANIC CLOUDS



Template derivation

But can all observed light 
curves be fitted?
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FROM THE VISTA TELESCOPE TO THE MULTIBAND PHOTOMETRY

2. Calculate the average magnitude in each band:
A. Fitting the light curve with some analytical functions.
B. Transforming it into intensities.
C. Calculate the average in intensity.
D. Transforming the average intensity in average magnitude.



TYPE II CEPHEIDS
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PERIOD –
LUMINOSITY

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{MASTER
THESIS

Comparison between 𝝎 cen distance calculated with T2Cs and RRLyrae (photometry
from Navarrete+2017 and relations from Bhardwaj+ 2023)



IMPACT ON THE DISTANCE SCALE
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PERIOD –
LUMINOSITY 
RELATION

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{MASTER
THESIS

Comparison between our distances and those by Bhardwaj 2023

The distance moduli of GGCs appear 
overestimated up to 2%.

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



IMPACT ON THE DISTANCE SCALE
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PERIOD –
LUMINOSITY 
RELATION

PRESENCE IN 
ANCHORS

ZERO POINT 
CALIBRATION

SN Ia HOST

{MASTER
THESIS

― Slope LMC
•   Galactic T2C

𝑊𝐺,𝐺𝐵𝑃−𝐺𝑅𝑃
= 𝑚𝐺 − 1.90 ⋅ 𝑚𝐺 𝐵𝑃

− 𝑚𝐺 𝑅𝑃
+ 5 log 𝜋 − 10

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