
A better use of  SNeIato 
addressthe Hubble tension

Pilar Ruiz-Lapuente

IFF-CSIC (Madrid, Spain)

ICC-UB (Barcelona, Spain)

DSU 2024, Corfu



TheH0 tension

(credit Quanta Magazine)



TheH0 tension:  recentJWSTdata
Freedman et al. (2024)

Calibrator

TRGB H0 =  69.85 ± 1.75 (stat) ± 1.54 (sys)  Km s-1 Mpc-1

Cepheids H0 =  72.05 ± 1.86 (stat) ± 3.10 (sys)  Km s-1 Mpc-1 

JAGB H0 =  67.96 ± 1.85 (stat) ± 1.90 (sys)  Km s-1 Mpc-1

Riesset al. (2024)

TRGB H0 =  72.1 ± 2.2  Km s-1 Mpc-1

Cepheids H0 =  73.4 ± 2.1  Km s-1 Mpc-1

JAGB H0 =  72.2 ± 2.2  Km s-1 Mpc-1

?



TheH0 tension

ÅValuederivedfrom the CMB (Planck2020, assumingtheɽCDM 
cosmologicalmodel):                                                                                                           

H0 = 67.4 ± 0.5 km s-1 Mpc-1

ÅLocallydeterminedvalue(SH0ES2024, Cepheids+ SNeIa):

H0 = 73.0 ± 1 km s-1 Mpc-1

whichisa discrepancyat the 5.6̀ level

OLD !



TheH0 tension

ÅThereare, however, other methodsto determine distancesto galaxies
in the Hubble flow that giveH0 valuesintermediatebetweenthe
Planck and the SH0ESvalues:  

(from Freedman et al. 
2024)



TheH0 tension

Tipof the Red Giant
Branch(TRGB) stars
(Freedmanet al. 2019):  
H0 = 69.8 ± 0.8 (stat) ± 1.7 
(sys) km s-1 Mpc-1

Carbon/J band Asymptotic
GiantBranch (JAGB) stars(Lee 
et al. 2024): H0 = 67.96 ± 1.85 
(stat) ± 1.90 (sys) km s-1 Mpc-1

Cepheids(Riesset al.; 
SH0ES2022, 2024): H0 = 
73.0 ± 1  km s-1 Mpc-1

CMB temperatureand polarization
anisotropymaps(Planck collaboration
2020):  H0 = 67.4 ± 0.5 km s-1 Mpc-1



TheH0 tension: Cepheids

Basically, [ŜŀǾƛǘǘΩǎlaws

Issues:

Dependenceon metallicity

Crowdingin the images(advantageof JWST overHST) 

[ŜŀǾƛǘǘΩǎlawsin variousfilters at 
the HST WFC3



TheH0 tension: Cepheids

Cepheidin NGC 7250
Left: HSTimage Right: JWSTimage



TheH0 tension:  TRGB and JAGBstars

VeryschematicH-R diagramshowingthe evolution
of a 1 M star. TheAGB stageismarkedin red. 
Markedin purple is the RGB. In yellowis the
Horizontal Branchstage, of central He burning

Internalstructureof and AGB star



TheH0 tension: TRGBstars

Low-massstars, after H burning, growanelectron-degenerateHe core. Duringthis stage, luminosity
and radiusincreaseas well as the central temperature.

Whenthe central temperaturereaches~ 100 million K, He is ignitedand then luminosityand 
radiusstart decreasing. Thismaximumin luminosityis the Tipof the Red GiantBranch.

At that point, the He corehas a fixedmass= 0.47 M
So, ignitionhappensat a well-determinedluminosity, whichmakesthe TRGB a standard candle



TheH0 tension: TRGB stars

Isochronesfor red giantstarswith a constant
ageof 10 Gyrand a metallicityspread (upper
panel) and with a constantmetallicityand 
agespread 4-10 Gyr(lower panel)

Colour-magnitudediagram(left panel), 
luminosityfunction (middlepanel) and edge-
detectionresponse (right panel) for the
outer región of the LMC

(from Freedman et al.  
2019)(from Freedman et al, 2020)



TheH0 tension: J-band AGB stars

A classof luminous,   
C-richAGB starswhich
show a smallintrinsic
luminositydispersión 
in the nearIR (J-band)

(from Madoreand Freedman2020)



SNeIalight curves

With light-curve fitting , distance
moduli are obtainedwith an
error of µ̀ =  0.11 mag

Byfitting spectraof twin SNeIa, distancemoduli are obtainedwith an error of µ̀ = 0.04 magonly

Ruiz-Lapuente & González Hernández 2024, ApJin press
arXiv2312.10334



Twin SNeIa

(from Fakhouriet al. 2015)

Usingtwin SNeIa, 
Fakhouriet al. (2015) 
wereableto standardize
SNeIain the redshift
rangeлΦло Җ zҖ лΦлу 
within 0.06-0.07 mag

Twinsestimatedistanceswith
parameterscorrespondingto 
the spectraldiversityof the
SNeIa

Here, instead, we use twin
SNeIain all phases, from the
earlyto the late, nebular 
phases, what we callάtwins
for lifeέ

Ruiz-Lapuente & González Hernández 
(2024)
Ruiz-Lapuente & González Hernández 
(2024)



Spectralsequenceof  a 
TypeIasupernova (Branch
& Wheeler2017)



Standard method

In all the precedingmethods:

Calibrationof the primary
distanceindicators (Cepheids, 
TRGB, JAGBΧύ ƛƴ nearbygalaxies

SNeIasamplein the Hubble 
flow (zҒ лΦлм-0.03)

Threestepsof the
cosmologicaldistanceladder

Standardizationof SNeIasampleby
determininganaverageMB

max (z
still too low to measureH0)

MB
maxςH0



(from Riesset al. 2024)



Standard method



Standard method:  MB
maxand H0

P1 is the linear coefficientand P2 a quadraticcoefficientin (sBVς1); ̡ is the slopeof the
color correction, V is the apparentpeakmagnitudeat V, K-corrected, and h M is the slope
of the correlationbetweenpeakluminosityand host stellarmassM*

Theapparentmagnitudes at maximumare computedby fitting the light curves with SNooPy, 
providingthe time of maximum, the light-curve shapesBV, and the magnitudeat maximumfor
eachfilter.

Thesequantitiesare then providedas inputs to a MarkovChainMonte Carlosamplerthat
simultaneouslyprovidesthe correctedmagnitudes for all the correctionfactorsP1, P2, h M and ̡ .

TheMCMCsamplerthen providesthe correctedmagnitudes, as well as the full covariance
matrix, whichisusedwhendeterminingH0 and its errors

o˃bs = mxςP0 + P1(sBV-1) + P2(sBVς1)2 + ̡ (B ςV) + h M(log10 M*/M - M0)

where o˃bs is the observeddistancemodulus, mx is the peakmagnitudein the x band and 
P0 the absolutemagnitudeMx of a SNIawith zero(B ςV) color, color stretchsBV = = 1 and in 
a host Galaxy with stellarmassM = M0



TheH0 tension

(from Freedmanet al. 2024)

Resultsrecentlyobtainedwith
the JWST

Weseethe distributionof MB

valuesfrom different distance
calibrators

<MB> = -19.29 mag(JWST 
Cepheids)

<MB> = -19.34 mag(JWST TRGB)

<MB> = -19.38 mag(JWST JAGB)



(from Freedmanet al. 2024)

Thedistributionof H0 values
resultingfrom the new JWST data, 
dependingon the three different
methodsusedto derive them.

Thefirst valuecomes from the
Bayesianproductof the 3 PDFs, and 
the secondonefrom the Frequentist
sum of distributions



TheH0 tension

Theweighted(unweighted) mean differencebetweenthe JAGB minusCepheid
distancemoduli is0.086 ± 0.028  (0.083 ± 0.031) magor 4%  (Freedman et al. 2024)

5 x log(73,2/67.5) ~0.18 magis the Hubble tension



Thetwin SNeIamethod

Distancesto nearbySNeIa
όάanchorsέύ

SNeIatwins of the
άanchorsέ ƛƴ the Hubble 
flow (zҒ лΦлм-0.03)

Twostepsof the cosmological
distanceladder

In this approach:

Ruiz-Lapuente & González Hernández (2024)



Thetwin SNeIamethod

Extendingthe methodto reachSNeIathat are on the Hubble flow shouldallow
to avoidusinga fiducialabsolute magnitudeMB-H0 relationand to geta direct
comparisonof distances, that leadingstraightforwardlyto the valueof H0



Spectralcharacterizationof twins



Spectralcharacterizationof twins

Wehavemeasuredlinesrelevantfor describingthe similarityof the spectra. Thoseof the twins havevery
similar pseudo-equivalentwidths(pWs) in the list of lines(Morrell et al. 2024), pW1(Ca H & K), pW2(Si II ˂
4130 Å), pW3(Mg II ˂ 4481 Å blendedwith Fe II), pW4όCŜ LL ŀǘ Ғ 4˂600 Å blendedwith S II), pW5ό{ LL ά²έ Ғ ˂
5400 Å), pW6(Si II ˂ 5972 Å), pW7(Si II ˂ 6355 Å) and pW8(Ca II IR).

In particular, the pW6shouldbe verysimilar betweentwin SNeIa, the dicrepancybeingby lessthan 5%. This
line correlateswith stretch(ɲmB15, sBV), beingsimilar in SNeIawith similar stretchesand nearlyidenticalin 
twins. In the pW6vspW7 diagram, twins shouldfall into almostthe sameplace



Thetwin SNeIamethod

Thegainin usingtheάtwins for lifeέ approachis that it providesa direct
measurementof distance, intrinsiccolor and reddeningby Galacticand extragalactic
dustby the use of the wholespectraof the SNeIa. 

It allowsthe consistentpairingof SNeIathroughall phases. Theselectionof twins is
madeof SNeIawith a similar stretch, beingthen of similar luminosities, but n 
additiontheάtwinnessŦŀŎǘƻǊέ Ŏŀƴ makemore precise the distanceestimate, with a 
moduluserror of 0.04 magin all filters, as we will show. So, all this makesit a very
usefultool to establishthe right distanceladder



SN 2013aa/SN 2017cbv in NGC 5643
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Comparisonof early(-2d) and late time (+361d) spectra
of the twin SNeIaSN 2013aa and SN 2017cbv, both in the
galaxyNGC 5643, with the 1 ,̀ 2̀ and 3̀ contoursof the
probabilitydistribution forɲ (˃differencein distance
moduli) and ɲE(B-V) (differencein reddening), in each
case. Weuse MarkovChainMonte Carlo techniquesand 
the EMCEE Python packageto obtain the bestvaluesand 
their uncertaintiesfor the two variables. Weobtain the
final joint result for the two phases

Ruiz-Lapuente & González Hernández (2024)


