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TheH, tension

‘ Prediction Webb datao ‘ Hubble and Webb data
[Planck Collaboration, 2020) [Freedman et al.,, 2024) [Riess et al, 2024)
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TheH, tension recentJWS data

Freedman et al. (2024)

Calibrator

TRGB H, = 69.85+1.75 taf) + 1.54 6y9 Km $ Mpc?

Cepheids H, = 72.05+1.86 ftat) £ 3.10 6y Km 3 Mpc?

JAGB H, = 67.96+1.85 ftat) £ 1.90 6y Km s Mpc?

Riesst al. (2024) ?
TRGB Hy = 72.1£2.2 Km3$Mpct

Cepheids H, = 73.4£2.1 Km3$Mpct

JAGB Hy, = 72.2£2.2 Km3$Mpct



TheH,tension

AValuederivedfrom the CMB Planck2020,assuminghe  CDM
cosmologicamodel):
Hy,=67.4+£0.5 km s Mpct

ALocallydeterminedvalue(SHOEQ024,Cepheids- SNel:
Hy,= 73.0£1 km stMpct

whichisadiscrepancyat the 5.6 level

OLD'!



TheH, tension

AThereare, however other methodsto determinedistancedo galaxies
in the Hubbleflow that giveH, valuesintermediatebetweenthe
Planckandthe SHOES8alues

CCHP JWST Hjy Values
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(from Freedman et al.
2024)



TheH, tension




TheH, tension Cepheids

Basicallyf S I dadwd 0 Q4

Issues

Dependencen metallicity
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Crowdingn the images(advantageof JWSDver HS)

[ S| dawdiniverdusfilters at
the HST WFC3



TheH, tension Cephelds

Cepheidn NGC 7250
Left HSTimage Right IWSTmage



TheH,tension TRGB andiAGBtars

Planetary Nebulae C-0 core

He burning shell

H burning shell
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H envelope

White Dwarf

VeryschematidH-R diagramshowingthe evolution Internal structure of and AGBtar
of a 1M star TheAGBstageis markedin red.

Markedin purpleisthe RGB. lyellowisthe

HorizontalBranchstage of central Héburning



TheH, tension TRGBtars

Lowmassstars after Hburning growanelectrondegenerateHe core. Duringthis stage luminosity
andradiusincreaseaswell asthe centraltemperature

Whenthe centraltemperaturereaches~ 100million K Heisignitedandthen luminosityand
radiusstart decreasingThismaximumin luminosityisthe Tipof the RedGiantBranch

At that point, the Hecorehas afixedmass= 0.47M
So.ignition happensat awell-determinedluminosity whichmakesthe TRGE standardcandle



TheH, tension TRGBtars

Irpep = 14.595

Magnitude
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Colourmagnitudediagram(left panel),
luminosityfunction (middle panel) andedge
detectionresponse right panel)for the
outer region ofthe LMC

Isochronedor red giantstarswith a constant
ageof 10Gyrand ametallicity spread (pper
panel) andwith a constantmetallicityand

agespread 410 Gyr(lower panel) (from Freedman et al.
(from Freedman et al, 2020) 2019)



TheH, tension Jband AGBtars

A classof luminous
Grich AGBstarswhich
show asmallintrinsic St g -+
luminositydispersion . nzety

I i e ..;'"‘ v S ¥ .'. ‘ ’ = ma
In the nearIR (-band) ARG e, W 4 = 18.49 mag

(from Madoreand Freedmar2020)



SNeldight curves

With light-curvefitting, distance
moduli are obtained with an
errorof | = 0.11mag

as measured

5 log(h/65)

M-

light-curve timescale
“stretch-factor” corrected

log(h/65)

My-5

Kim, et al. (1997)

Byfitting spectraof twin SNeladistancemoduli are obtainedwith anerror of ~ , = 0.04magonly

RuizLapuente & Gonzalez Hernandez 202@dJin press
arXiv2312.10334




TwinSNela

Usingtwin SNela
Fakhouriet al. (2015)
were ableto standardize
SNelan the redshift

rangen ®nzaoK X dny
within 0.06-:0.07mag
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— SNF20070531-011 Twinsestimatedistanceswith

iR parameterscorrespondingo
the spectraldiversityof the
SNela

\,_ 0.5 days
Herg instead we usetwin
SNelan all phasesfrom the
earlyto the late, nebular
(92 days phaseswhat we call &wins
il for lifeg

3.4 days

w_ 11.1 days

RuizLapuente & Gonzalez Hernanc
15.9 days (2024)

5000 6000 7000
Wavelength (A) in AA

(from Fakhouriet al. 2015)



Spectrakequenceof a N
TypelasupernovaBranch 94:\.1,,/,.“\ VAN
& Wheeler2017)
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Standardnethod

In all the precedingmethods

Threestepsof the
cosmologicatlistanceladder
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(from Riesset al. 2024)



Standardnethod

Bil“.ﬂi"i":f}“ Ill["‘}__"l _l'_ir} ["‘FI _l) - JﬁL—I i—HUllil l[}le.JUr —111r||i
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. Hy. go) = 5 logig] —F—
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where 1, 18 the observed distance modulus, m, the peak magnitude in the
z band and P the absolute magnitude M, of a SNIa with zero (B-V) color.
color stretch spy = 1 and in a host galaxy with stellar mass M = Al




Standardmethod M "**andH,

>ops =My G PP+ P(Sgy-1) + P(Say G 12 +1 (Bq V) 1, (log, gy M/M - - M)

where >, .isthe observeddistancemodulus m, isthe peakmagnitudein the x band and
F° the absolutemagnitudelVl, of aSNlawith zero(B¢V)color, colorstretchs,, - =1 and in
a host Galaxwith stellarmassM = M,

Pl isthe linear coefficientand P> a quadraticcoefficientin (sz, ¢ 1);1 isthe slopeof the
color correction Visthe apparentpeakmagnitudeat V, K-corrected andh,, isthe slope
of the correlationbetweenpeakluminosityand hoststellarmassM.

Theapparentmagnitudes amaximumare computedby fitting the light curveswith SNooPy
providingthe time of maximum the light-curveshapes;,, andthe magnitudeat maximumfor
eachfilter.

Thesequantitiesare then providedas inputs to dMarkovChainMonte Carlosamplerthat
simultaneoushprovidesthe correctedmagnitudedfor all the correctionfactorsPt, P, h,, andi .

TheMCMCsamplerthen providesthe correctedmagnitudes, asvell asthe full covariance
matrix, whichis usedwhendeterminingH, andits errors



TheH, tension

Resultgecentlyobtainedwith
the JIWST

Relative Probability

[y B T e e B Pt TR [ B -y

We seethe distribution of Mg
valuesfrom different distance
calibrators
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<Mg> =-19.29mag(JWST
Cepheid$
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<Mg> =-19.34mag(JWST TRGB)

<Mg> =-19.38mag(JWST JAGB)

Distribution of M, values

JWST Cepheid calibrators
Pantheon+ SNe
=Mp > = -19.29

JWST TRGB calibrators
Pantheon+ SNe
=Mpg > = -19.34

JWST JAGB calibrators
Pantheon+ SNe

=Mp > = -19.38

o = 0.06
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(from Freedmaret al. 2024)
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Thedistribution of Hy values
resultingfrom the new JWSdata,
dependingon the three different
methodsusedto derivethem.

Thefirst valuecomesfrom the
Bayesiarproductof the 3 PDFsand
the secondone from the Frequentist
sum ofdistributions
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Distribution of Hy Values for 3 JWST Methods
H; = 69.96 + 1.05 (stat) = 1.12 (sys)

] AT
— TREGCE

mm Cepheids

e Poyesion product of POFs

Froguentist

. ]

1Y)

[

N

(from Freedmaret al. 2024)



TheH, tension

Theweighted(unweighted meandifferencebetweenthe JAGBninusCepheid
distancemoduliis0.086+ 0.028 (0.083%0.031)magor 4% (Freedman et al. 2024

5 x 1og(73,2/67.5) ~0.1@agis the Hubbletension



Thetwin SNelanethod

In this approach

Twostepsof the cosmological
distanceladder

RuizLapuente & Gonzalez Hernandez (2024)




Thetwin SNelanethod

Extendinghe methodto reachSNelahat are on the Hubbleflow shouldallow

to avoidusinga -H, relationandto getadirect
comparisonof distancesthat leadingstraightforwardlyto the valueof H,




Spectrakcharacterizatiorof twins
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Spectraktharacterizatiorof twins

pWs at Maximum Light (Angstrom)

SN pW1 pW2 pW3 pW4 pW35 pWo6 pW7 pW3 Project
Can H&K Si1n 4130 Mg 11 Fe 1 Suw Si 5972 Si 6355 CanlIR

CN

20070l 106(1) 22(1) 80(1) 82(1) 56(1) 16(1) 78(1) .
2008bz 86(2) 22(2) 70(1) 106(2) 88(1) 17(1) 99(1) 105(3)
2008fr 107(2) 11(1) 71(2) 109(1) 80(1) 17(1) 82(2) 72(5)
20091 140(3) 9(1) 82(3) 111(2) 72(1) 10(1) 70(1) 89(3)
2009¢z 120(1) 9(1) 92(1) 131(1) 67(1) 12(1) 81(1) 104(4)
20091e 60(2) 11(1) 104(2) 124(1) 62(1) 9(1) 86(1) 114(2)
ASASSN-14hr 135(2) 32(1) 101(2) 138(1) 67(2) 30(1) 104(2) 107(4)
ASASSN-14hu 150(2) 11(1) 97(2) 115(1) 76(1) 7(1) 83(1)
ASASSN-14kq 139(1) 11(1) 100(1) 115(1) 73(1) 11(1) 77(1) 127(3)
ASASSN-14Ip 116(3) 10(1) 93(4) 140(3) 69(1) 13(1) 70(1) 117(4)

We havemeasuredinesrelevantfor describinghe similarity of the spectra Thoseof the twins havevery
similarpseudcequivalentwidths (pW9g inthe list of lines(Morrell et al. 2024)pW1(Ca H & KpW2(Si I
4130 A)pW3(Mg 11<4481 Ablendedwith Fe I)pW46 CS  k4600lAblendedwith S I)pW56 { L L<
5400 A)pW6 (Si 15972 A)pW7(Si 1lk6355 A) angpW8(Ca Il IR).

In particularthe pwW6shouldbe verysimilarbetweentwin SNelathe dicrepancybeingby lessthan 5%.This
line correlateswith stretch (nmg, 5 Sg), beingsimilar inSNelawith similarstretchesandnearlyidenticalin
twins. Inthe pW6vspW?7 diagram twins shouldfall into almostthe sameplace




Thetwin SNelanethod

Thegainin usingthe dtwins for life€ approachisthat it providesa direct
measuremenbdf distance intrinsiccolor andreddeningby Galacticand extragalactic
dustby the use ofthe whole spectraof the SNela

It allowsthe consistentpairingof SNelahroughall phasesTheselectionof twinsis
madeof SNelawith a similarstretch, beingthen of similarluminosities but n
additionthe dwinnessT I O U 2 Midkem@¢ pfecisahe distanceestimate with a
moduluserror of 0.04magin all filters, aswe will show. Soall this makesit avery
usefultool to establishthe right distanceladder



SN 2013aa/SN 2017cbv in NGC 5643

2017cbw-2d
-=- 2013aa2d &E(B-V)=0.000 ag1=0.004

5000 6000 7000 8000
Wavelength ()

RuizLapuente & Gonzalez Hernandez (2024)

Comparisorof early (-2d) and late time (+361dpectra
of the twin SNelaSN 2013aa and SN 2017dbeth in the
galaxyNGC 5643yith the 1 , 2 and 3 contoursof the
probability distributionfor n Xdifferencein distance
modul) andnE(BV) (differencein reddening, ineach
case We useMarkovChainMonte Carlatechniquesand
the EMCEE Pythgmackageo obtain the bestvaluesand
their uncertaintiesfor the two variablesWe obtainthe
final joint resultfor the two phases



