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Context of Research | ACDM Works

Only 6 free parameters

Type la Supernovae
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Context of Research | ACDM Works, except when it doesn’t !

Only 6 free parameters |

H, Tension | 350 ATension | 40

Universe’s expansion is too fast Dark energy equation of state is evolving
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Concept

Relative flux
=> w, (2m
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Type 1a Supernova Cosmology | w Relative flux

Anchored @ z=1100
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Type 1a Supernova Cosmology | w Relative flux

Anchored @ z=1
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Concept

Relative flux
=> w, (2m
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Cosmology
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Concept

Relative flux
=> w, (2m

Absolute flux
== H0
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Direct Distance Ladder | SHOES

Calibrate the “Period-Luminosity” relation Measure “Lsn” Get Elp’ dist
1stance
“Geometry” “Calibrators” “SNe Ia” Scolnic et al. 2018
Parallaxes | D.E.B. | Maser Cepheids 44 71 CfA/CSP + Foundation sample (194 SNe Ia)

DES-SN (1635 SNe Ia)

. Median p uncertainty
on a single SN

T4
|\

Source: €so

Distance modulus
S
| ] I | | ] I | ] ] I | ] ] I | ] ] I |

? 38 ""‘ .
19 g 1u(z ; HE(Lsn))
0.I03 — = lOfl | =
Redshift

100 Million - 1 Bill

Breuval, Riess et al. 2024
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Hy Tension | SHOES vs. Planck
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Are Supernovae & CMB in tension ? No!

Scolnic et al. 2018
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Inverse Distance Ladder

Get independent distances for SNe Ia

“Transfert”
H(z=1) — H(z=0)

it SNe Ia”
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BOSS DR12 | Alam et al. 2017

Hyp=67.3 £1.0 km s'1 Mpc1

Sets the scale of the
Universe at z~1

See also e.g.
Aubourg et al. 2015 ® Macaulay et al. 2018

distance
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II~ACDMII

Direct

Hy Tension | Early vs. Late
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Flux, stretch & color

Flux | how bright

Stretch | how fast
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Type 1a Supernovae | Standardizable Candles

ZTF data | Rigault et al. 2025
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ZTF data (in prep)

Observed Hubble Residual
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Type 1a Supernovae | Standardizable Candles
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Childress et al. 2013
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The Progenitor issue | Astrophysical biases

Constant ?

“Calibrators”
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Rigault et al. 2013, 2020
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Rigault et al. 2025 | 3626 SN Ia
2018 — 2020
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distance modulus + cst
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distance modulus + cst
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Stretch Standardisation
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The “brighter-slower
stretch-magnitude
relation is non-linear

Bimodal | confirming
progenitor age origin
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https://arxiv.org/pdf/2405.20965

M — Hcosmo + AX1 + YP

Color Standardisation

® Llineara O Broken-& = Linearf ---- Brokenp

Full sample (920 SNe)
—— |ntrinsic colour + dust fit

Dustless sample (177 SNe)
Non dustless sample (743 SNe)
— — Intrisic colour + dust fit

1 1 1 I

0.0 3 0.4 0.6 0.8
Colour ¢

SNe Ia in non-dusty
environments
don’t show a red tail

The redder-fainter
relation
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https://arxiv.org/pdf/2406.02072

Ginolin et al. 2025 (a)
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distance modulus + cst
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Rigault et al. 2025
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New light-curves

Filter throughput

+ SNLS & Subaru

New Inference

New Simulations
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ZTF
Volume limited

No selection
effect

Self-consistent
calibration

Mickael RIGAULT

Measure Lgsy

Volume limited
ZTF SNela < 60 Mpc

Tip Red Giant Branch
(doable in any galaxy)

I'F SNe Ia | need JWST

Volume limited
Z'TF SNela z < 0.06
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Tension in Cosmology | the central role of Type la Supernovae

Hy | Hubble Constant A | Evolving dark energy Z.TF SN Ia DR2
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Rigault et al. 2025 | 3626 SN Ia

ZTF could be signe sample & volume limited ZTF to provide fully independent results Current data : ztfcosmo.in2p3.1r
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