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Context of Research | ACDM Works

Only 6 free parameters

Cosmic MicroWave Data Type Ia Supernovae

Baryon Acoustic Oscillation
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Context of Research | ACDM Works, except when it doesn’t !

Only 6 free parameters | but “A” and “CDM”

H, Tension | osTension | 2.50

Universe’s expansion is too fast Structures are too small

KV450-fiducial

<] KiDS-450
SHOES (2019) - \ DESy1

HSC-DR1
Planck-Legacy

~ ACDM
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Type 1a Supernova Cosmology
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Type 1a Supernova Cosmology | Hy

Scolnic et al. 2018
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Direct Distance Ladder | SHOES

Get independent distances for SNe Ia

Calibrate the “Period-Luminosity” relation Measure “Lsn” Get Elp’ ,
distance
“Geometry” “Calibrators” “SNe Ia” Scolnic et al. 2018
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100 Million - 1 Bill

Riess et al. 2022

Hyp="73.0 £1.0 km s1 Mpc1
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Planck Data | 6 free parameters Planck et al. 2020
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Test the concordance
model ACDM
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Change the parameters, change Hy
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Illustrative plots from Planck 2015
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Hy Tension | SHOES vs. Planck
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direct Riess et al. 2021
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EOODS

Are Supernovae & CMB in tension ? No!

H(z) from Planck
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Inverse Distance Ladder

Get independent distances for SNe Ia

“Transfert” Sets the scale of the
H(z=1) — H(z=0) Universe at z~1

distance
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Extending the Standard Model of Cosmology

Inspired by Adam Riess
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H)y Tension | Change the model ?

H, Tension | osTension | 2.50

Universe’s expansion is too fast Structures are too small

SHOES (2019)

KV450-fiducial
KiDS-450
DESy1
HSC-DR1
Planck-Legacy
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Extending the Standard Model of Cosmology

Inspired by Adam Riess
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Direct Distance Ladder | SHOES

The SNe Ia “matching” problem

“Calibrators”

Cepheids

Distance

Measure “Lsn”
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The Progenitor issue | Astrophysical biases

Constant ?

Scolnic et al. 2018
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Childress et al. 2013
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Rigault et al. 2020

erc | USNAC
“No” _ High fraction of
young stars young stars
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Fainter

\4

Brighter

Hubble Residual

Explaining (fully?) the origin of the mass-step

Rigault et al. 2020
erc | USNAC
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Astrophysical Bias affecting Hy Rigaul t al. 2015

The SNe Ia “matching” problem 3% bias on Ho

Measure “Lgn” Get “Hp”

So a 2 km s1 Mpc! shift

distance

Total current SHOES error budget

1 -1
“Calibrators” “GNe Ia” 1.04 km s Mpc
I T T T T TT1T0]
Cepheids 46 SHOES “corrected”
44 ~71 £ 1.5 km s1 Mpc1
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SHOES rebuttal
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“If we mimic the Cepheids selection

function and only take Hubble flow
SNe Ia from Spiral hosts,
Hy reduces by 0.5%”

(Lsn)

SNela with Cepheids SNela In Hubble Flow
strongly favour Young SNela All kinds of SNe Ia

RIGAULT 21

Riess et al. 2022 | Riess et al. 2016, 2019
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Distance Modulus (mag)
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Go wide

Issue: SNe Ia are rare
O(10) SNe Ia per day at z < 0.1

Go deep

CANDELS
+CLASH

~1000 SNe Ia
u(z ; Hy(Lsx) 2, w)

~300 SNe Ia 0.10 1.0

15 optical systems
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Distance Modulus (mag)
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New generation of SNe Ia surveys
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ZTF | Changing the scale of SN Cosmology ™™ “ww
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Direct Distance Ladder | SHOES

Get independent distances for SNe Ia

SN steps | Known Issues

Measure “Lsn” Get “Hp” :
Selection Bias distance
Cepheids host favour
young environments
Amag (young, old) ~ 0.13 mag “Calibrators” “SNe Ia” Scolnic et al. 2018
A6 [T | I T T T 11T} | I T T 1011 IaO<

Rigault et al. 2015
Cepheids

Photometric Calibration

Hubble Flow & Calibrator Samples

are compilations
8 different surveys made | 15 different photometry
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Selection Function Correction

Some surveys are targeted surveys

& Observing windows varies
How to correctly account for Malmqvist bias

Riess et al. 2022

Hyp=73.0 £ 1.0 km s1 Mpc1
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Z.TF Sample | Toward a self-consistant Hyp

Measure “Lsn” (el H7

Hubble Flow Sample

Volume limited ZTF-SNela z<0.06 Mpc

Calibrator Sample

Volume limited ZTF-SNela < 50 Mpc

ZTF detects, follows and classifies
all SNe Ia in the northern sky up to
z~0.06

Technique
TRGB (doable in any galaxy)

Statistics: ~5 per year (~30 by end of ZTF)

Statistics: Already >800 acquired

No selection function since both volume limited samples

Unique photometric system, no absolute photometric calibration issue
only relative, which 1s way easier

distance
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Z.TF for Nearby Supernova Cosmology

Hy | Hubble Constant fos | Growth rate of Structure Z.TF is changing the game

SNe Ia + Anchor

log(1sSFR)

Confirmed by: Roman+2018 (SNLS), Kim+2018
(Public), Kesley+2021(DES), Briday+2021, Let’s get a pure-ZTF Hy
Nicolas+2022

Hard to find model that can explain that
without breaking something else.
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