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Cosmic MicroWave Data
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Context | ACDM Works
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Context | 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

Bl BOSS+KV450 (Troster et al. 2020)
DES Y1 3 x 2pt (DES Collaboration 2018)

SHOES (2019) | | BN KiDS-1000 3 x 2pt

B Planck 2018 TTTEEE+lowE
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Two approaches | Hubble-Lemaitre Constant
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Model & High redshift anchoring

Redshifts & Distances
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Type 1a Supernova Cosmology
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Type 1a Supernova Cosmology

™ SCp
CANDELS
+CLASH

To get Ho: Independent distance

measurements for some SNela
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Parallaxes | D.E.B. | Maser
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“Geometry”

100 Million - 1 Bill

Direct Distance Ladder | Riess et al. 2022

Get independent distances for SNe Ia

“Calibrators”

Cepheids

distance

”SNE Ia.” Scolnic et al. 2018
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THE MODEL

\C ONTRAINS H

Indirect determination of Hy

Test the concordance

model ACDM

|

Change the parameters, change Hy

Planck et al. 2020

Ho=67.4 £ 0.5 km s Mpc1

— based on ACDM —
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Hy Tension | SHoES vs. Planck
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EOODS

Are Supernovae & CMB in tension ? No!

H(z) from Planck
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Inverse DiStance Ladder BOSS DR12 | Alam et al. 2017

Get independent distances for SNe Ia

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

distance

- “SNe Ia” “BAO.”
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BOSS DR12 | Alam et al. 2017

Hy=67.3+1.0 km s-1 1\/Ip(f'1 See also e.g.:

Aubourg et al. 2015 ® Macaulay et al. 2018

12

RIGAULT



RIGAULT

II~ACDMII

Direct

H)y Tension | Early vs. Late

6/.3+1.0

—
BOSS DR12 (2017)

¥arly
Late
73.0+x1.0
_
Riess et al. 2022
06 68 70 712 74 76
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Hy Tension | Change the model ?

H, Tension | osTension | 2.50

Universe’s expansion is too fast Structures are too small

SHOES (2019)

Bl BOSS+KV450 (Troster et al. 2020)

DES Y1 3 x 2pt (DES Collaboration 2018)
BN KiDS-1000 3 x 2pt
B Planck 2018 TTTEEE+lowE
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Time Delay Cosmology
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H)y Tension | Systematics in strong lensing

II~ACDMII
Inverse distance ladder

DIRECT:

SNela & Cepheids

Strong Lensing

67.3+x1.0
e

BOSS DR12 (2017)

Lens profile from

stellar dispersion

(@nisotropy and profile
constraints from SLACS)

N\

73.0x1.0

e
Riess et al. 2022

Power-law & star
constant M/L

& Dark matter halo
(See Suyu 2009)

/

See also e.g.:

Etherington et al. submitted
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H)y Tension | +Mega-masers & KiloNova

systematics actively studied

Strong Lensing I

Nearby so
Sensitive to
peculiar velocity
correction
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Direct Distance Ladder | [RGB Freedman et al. 207

Get independent distances for SNe Ia

Calibrate the “Period-Luminosity” relation

“Geometry”

Parallaxes | D.E.B. | Maser

Composite Milky Way Globular Cluster CMD

Source: eso

M,
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Measure “Lsn”

“Calibrators”

TRGB

Freedman 2021
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Hy=69.8 + 0.6 (stat) + 1.6 (sys) km s1 Mpc-!
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Hy Tension | TRGB vs. Cepheid

Strong Lensing
systematics actively studied

Nearby so
Sensitive to
peculiar velocity
correction

|

67.3+1.0

—
BOSS DR12 (2017)

69.8+1.7

—{ ——
Freedman 2021

73.0x1.0

+
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62.5

65.0 67.5 70.0 725 75.0 77.5
Ho [kms~!tMpc™1]

80.0

82.5

SNela’s (Lqy) calibrated by:

BAO (z~1) | 7

TRGB (z~0) | geometry

Cepheids (z~0) | geometry
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The Progenitor issue | Astrophysical biases

Constant ?

Scolnic et al. 2018
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Fainter

\4

Brighter

Rigault et al. 2020
Nicolas et al. 2021

1/ 77 ‘ b B . 1. 2 22
No High fraction of riday et al. 20

> Ginolin et al. in prep
young stars young stars

Amplitude: A, = 0.16 £ 0.03 mag

Hubble Residual

~14 ~13 12 | =0

log(1sSFR)

# Young Stars
# Old Stars

IsSFR

22



Astrophysical Bias atffecting Hy Rigault e 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
1.04 km s-1 Mpcl

“Calibrators” “SNe Ia”
|

Cepheids

—
-

SHOES “corrected”
~71 + 1.5 km s'1 Mpc?

—_—
—_—

—
DO

Rigault et al. i prep. | Rigault et al. 2015, 2020
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“If we mimic the Cepheids selection
Riess et al. 2009

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

(Lsn)

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

RIGAULT 23

Riess et al. 2022 | Riess et al. 2016, 2019




Zwicky Transient Facility (ZTF) is acquiring ~1000 SNela per year at z<0.1 since 2018

LSST

L1F EEE

HSC




Zwicky Transient Facility (ZTF) is acquiring ~1000 SNela per year at z<(.1 since 2018

LSST

. . : L1F o 1
We will be observing during O4

Localization of GW170817 e..
was smaller than ZTF FoV ‘
HSC

Abbot et al. (2017), PRL 119, 161101



Z.TF | Changing the scale of SN Cosmology — sminrigctal inprer
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Z.TF Sample | Toward a self-consistant /H

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 is way easier

distance

27



Many more points (e.g. 2022)

SNela->SNII: de Jaeger+2022 | 75+5%
Geometry+Cepheids: Kenworthy+2022 | 73+4%
BAO+BBN: Schoneberg+2022 | 68 = 0.5%

Strong Lensing
systematics actively studied

Sensitive to
peculiar
velocity
correction

62.5

The Hubble Tension

6/.3x1.0

_._
BOSS DR12 (2017)

69.8+1.7

—_—
Freedman 2021

73.0x1.0

——
Riess et al. 2022
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e
Birrer et al. 2020

65.0 67.5 70.0 72.5 75.0
Ho [kms=tMpc~!]

m.rigault@ipnl.in2p3.fr

77.5

80.0

82.5

SNela calibrated by:

< BAO (z~1) | 7

< TRGB (z~0) | geometry

< (Cepheids (z~0) | geometry

Z.TF is about to change
the SNela field

Rigault


https://ui.adsabs.harvard.edu/search/q=author:%22Kenworthy%2C+W.+D'Arcy%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/?q=author%3A%22Sch%C3%B6neberg%2C+Nils%22

