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Extragalactic Distance Scale

Pulsating stars in the Magellanic Clouds

Data analysis

Results

Conclusions



Riess+2022

The extragalactic distance scale 
The three steps to H0

Geometry

St. Candles

SN Ia
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Beaton+2016

The extragalactic distance scale

Alternative route:
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Why T2Ceps are distance indicators?
• Obey to a tight Period Luminosity relation with small 

dependence on metallicity (Ngeow+2022)

• Brighter than RRLyrae and 1-1.5 mag fainter than the 
TRGB

BLHer
WVir

RVTau

RRLyr

Bhardwaj+2020



Beaton+2016

The extragalactic distance scale

Alternative route:

Type II Cepheids
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The VISTA Magellanic Clouds (VMC) survey
•VMC is an ESO public survey (P.I.  M.R.  Cioni, see 
Cioni+2011; http://star.herts.ac.uk/ ~mcioni/vmc)

•The sensitivity limit is Y = 21.1 mag, J = 21.3 mag and Ks = 
20.7 mag with a signal-to-noise ratio S/N = 10.

•Total surveyed area ~ 180 deg²    (LMC = 116 deg²;  SMC = 
45 deg² ;  Bridge = 20 deg²)

•Specifically designed to have a good sampling of RR Lyrae
and Cepheid light curves 

•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) 

Cepheids: Ripepi+2012,2014,2015,2016,2017,2022
RRLyrae: Muraveva+2018,Cusano+2021



06/06/2023 TERESA SICIGNANO 8

Examples of light curves
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VMC data
Sample of T2Cep and ACep (identification and periods taken from OGLE 
IV+Gaia).

539 stars with VMC time series photometry: 200 ACs (135 F-mode and 
65 1O-mode); 339 T2Cs (106 BLHer, 121 WVir, 33 pWVir and 79 RVTau ).

Band Number of 
epochs

Y 5 ± 2

J 6 ± 3

Ks 17 ± 6
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Template fitting to the data
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Template fitting to the data
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Complemetary optical photometry

• 𝐺𝐵𝑃 , 𝐺, 𝐺𝑅𝑃 bands from Gaia

• I, V bands from OGLE

• Reddenning maps by Skowron+2021, and Cardelli law (1989) with 𝑅𝑉 = 3.23
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Observed PL relations in LMC
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Observed PW relations
LM

C
 

SM
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PL/PW/PLC derivation with the Least 
Trimmed Squares algorithm (Cappellari +2013)

𝑚𝜆0 = 𝛼 + 𝛽 ⋅ log 𝑃 𝑃𝐿

𝑚𝜆1,0 = 𝛼 + 𝛽 ⋅ log 𝑃 + 𝛾 ⋅ 𝑚𝜆1 −𝑚𝜆2 0
𝑃𝐿𝐶

𝑤 𝜆1, 𝜆2 = 𝛼 + 𝛽 ⋅ log 𝑃 𝑃𝑊
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PL/PW/PLC 𝑚𝜆0 = 𝛼 + 𝛽 ⋅ log 𝑃
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PL/PW/PLC 𝑚𝜆0 = 𝛼 + 𝛽 ⋅ log 𝑃
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PL/PW/PLC 𝑚𝜆0 = 𝛼 + 𝛽 ⋅ log 𝑃
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PL/PW/PLC 𝑚𝜆0 = 𝛼 + 𝛽 ⋅ log 𝑃
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PL/PW/PLC 𝑤 𝜆1, 𝜆2 = 𝛼 + 𝛽 ⋅ log 𝑃
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Wavelength dependence of the PL coefficients 
in the LMC

𝑚𝜆0 = 𝛼 + 𝛽 ⋅ log 𝑃 BPVK GRPIYJ
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Absolute Calibration with Gaia parallaxes

Dataset collected in Gaia DR3 (Ripepi et 
al.2023), complementary optical 
photometry from literature:
1635 Galactic T2C (579 BLHer, 795 WVir,  
262 RVTau).

Small amount of this has NIR photometry
(Wielgorski et al. 2022). Ripepi et al. 2023
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Absolute Calibration with Gaia Parallaxes

Is the slope of the PL/PW the 
same in LMC and in the Galactic
field?

― Slope LMC
•   Galactic T2C

𝑊𝐺,𝐺𝐵𝑃−𝐺𝑅𝑃 =

𝑚𝐺 − 1.90 ⋅ 𝑚𝐺𝐵𝑃
−𝑚𝐺𝑅𝑃

+ 5 log 𝜋 − 10
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Calibration with different techniques:

ABL

𝜛100.2 𝑤𝐺 −2 = 100.2 (𝛼+𝛽𝐿𝑀𝐶⋅𝑙𝑜𝑔 𝑃)

ZP: −1.09 ± 0.02 𝑚𝑎𝑔

Photometric Parallax

𝜛 = 10−0.2⋅(𝑤𝐺− 𝛼+𝛽𝐿𝑀𝐶⋅𝑙𝑜𝑔 𝑃 −10)

ZP: −1.04 ± 0.02 𝑚𝑎𝑔

wG = mG − 1.90 ⋅ mBP −mRP
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Calibration with different techniques:

ABL

𝜛100.2 𝑤𝐽𝐾 −2 = 100.2 (𝛼+𝛽𝐿𝑀𝐶⋅𝑙𝑜𝑔 𝑃)

ZP: −1.32 ± 0.03 𝑚𝑎𝑔

Photometric Parallax

𝜛 = 10−0.2⋅(𝑤𝐽𝐾− 𝛼+𝛽𝐿𝑀𝐶⋅𝑙𝑜𝑔 𝑃 −10)

ZP: −1.29 ± 0.03 𝑚𝑎𝑔

wJK = mKs − 0.71 ⋅ mJ −mKs
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Calibration with different techniques:

ABL

𝜛100.2 𝑤𝑉𝐾 −2 = 100.2 (𝛼+𝛽𝐿𝑀𝐶⋅𝑙𝑜𝑔 𝑃)

ZP: −1.26 ± 0.03 𝑚𝑎𝑔

Photometric Parallax

𝜛 = 10−0.2⋅(𝑤𝑉𝐾− 𝛼+𝛽𝐿𝑀𝐶⋅𝑙𝑜𝑔 𝑃 −10)

ZP: −1.24 ± 0.03 𝑚𝑎𝑔

wVK = mKs − 0.13 ⋅ mV −mKs
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Application of PL/PW/PLC relations:

From LMC, apparent PW:

𝑤𝐺,𝐺𝐵𝑃−𝐺𝑅𝑃 = 17.445 − 2.436 ⋅ 𝑙𝑜𝑔𝑃

𝑤𝐾𝑠,𝐽 −𝐾𝑠 = 17.251 − 2.501 ⋅ 𝑙𝑜𝑔𝑃

𝑤𝐾𝑠,𝑉 −𝐾𝑠 = 17.282 − 2.475 ⋅ 𝑙𝑜𝑔𝑃

From galactic T2C, absolute PW:

𝑊𝐺,𝐺𝐵𝑃−𝐺𝑅𝑃 = −1.041 − 2.436 ⋅ 𝑙𝑜𝑔𝑃

𝑊𝐾𝑠,𝐽 −𝐾𝑠 = −1.291 − 2.501 ⋅ 𝑙𝑜𝑔𝑃

𝑊𝐾𝑠,𝑉 −𝐾𝑠 = −1.244 − 2.475 ⋅ 𝑙𝑜𝑔𝑃

𝐷𝐿𝑀𝐶 𝑊𝐺,𝐺𝐵𝑃−𝐺𝑅𝑃 = 18.49 ± 0.03 𝑚𝑎𝑔

𝐷𝐿𝑀𝐶 𝑊𝐾𝑠,𝐽 −𝐾𝑠 = 18.54 ± 0.03 𝑚𝑎𝑔 * 

𝐷𝐿𝑀𝐶(𝑊𝐾𝑠,𝑉 −𝐾𝑠) = 18.52 ± 0.03 𝑚𝑎𝑔

* Same as Wielgorski et al. 2022

Large Magellanic Cloud Distance
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Application of PL/PW/PLC relations:

From LMC, apparent PW:

𝑤𝐺,𝐺𝐵𝑃−𝐺𝑅𝑃 = 17.445 − 2.436 ⋅ 𝑙𝑜𝑔𝑃

𝑤𝐾𝑠,𝐽 −𝐾𝑠 = 17.251 − 2.501 ⋅ 𝑙𝑜𝑔𝑃

𝑤𝐾𝑠,𝑉 −𝐾𝑠 = 17.282 − 2.475 ⋅ 𝑙𝑜𝑔𝑃

From galactic T2C, absolute PW:

𝑊𝐺,𝐺𝐵𝑃−𝐺𝑅𝑃 = −1.041 − 2.436 ⋅ 𝑙𝑜𝑔𝑃

𝑊𝐾𝑠,𝐽 −𝐾𝑠 = −1.291 − 2.501 ⋅ 𝑙𝑜𝑔𝑃

𝑊𝐾𝑠,𝑉 −𝐾𝑠 = −1.244 − 2.475 ⋅ 𝑙𝑜𝑔𝑃

𝐷𝐿𝑀𝐶 𝑊𝐺,𝐺𝐵𝑃−𝐺𝑅𝑃 = 18.49 ± 0.03 𝑚𝑎𝑔

𝐷𝐿𝑀𝐶 𝑊𝐾𝑠,𝐽 −𝐾𝑠 = 18.54 ± 0.03 𝑚𝑎𝑔 * 

𝐷𝐿𝑀𝐶(𝑊𝐾𝑠,𝑉 −𝐾𝑠) = 18.52 ± 0.03 𝑚𝑎𝑔

* Same as Wielgorski et al. 2022

Large Magellanic Cloud Distance

0.01 ± 0.04 𝑚𝑎𝑔

0.06 ± 0.04 𝑚𝑎𝑔

0.04 ± 0.04 𝑚𝑎𝑔
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Application of PL/PW/PLC relations:
 Calculation of the distances for Galactic Globular Clusters hosting T2Cep.

Distances

Intensity-averaged magnitudes

Reddening

Baumgardt &Vasiliev 2021

Bhardwaj 2017,2022 ; Braga 2020

Harris 2010
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Comparison between our distances (mag)  and 
those by Baumgardt &Vasiliev 2021

The distance moduli of GGCs are overestimated.

Δ𝜇 = 𝜇𝐿𝐸𝑇𝑇 − 𝜇𝑇𝑊

Δ𝜇 = 𝟎. 𝟎𝟏𝟕 ± 𝟎. 𝟎𝟎𝟒 𝑚𝑎𝑔 Δ𝜇 = 𝟎. 𝟎𝟒 ± 𝟎. 𝟎𝟏 𝑚𝑎𝑔 Δ𝜇 = 𝟎. 𝟎𝟔 ± 𝟎. 𝟎𝟏 𝑚𝑎𝑔
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Summary Future developments
 Construction of PL/PW/PLC for T2Cs (in 

different combinations) in the optical and 
NIR bands based on accurate intensity-
averaged magnitudes from a sample of 539 
starmetry observed in the context of the 
VISTA Magellanic Clouds survey .

 Study of the wavelength dependence of the 
PL\PW\PLC coefficients.

 Distance of LMC from our PW relations in 
agreement with geometric distance by 1σ.

 Application to Galactical Globular Clusters 
hosting T2Cs suggests an overestimation of 
the literature distances by some 2-5%.

 Exploitation of PL/PW/PLC for ACs (in different 
combinations) in the optical and NIR bands.

 Comparison of the distance scale for Classical , 
Type II and Anomalous Cepheids .
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