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Modern Cosmology | Hy
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Type Ia Cosmology
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“Geometry”

Parallaxes

Detached Eclipsing Binary
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Direct Distance Ladder

Get independent distances for SNe Ia
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Direct Distance Ladder | SHOES

Get independent distances for SNe Ia

Calibrate ”Period-Luminosity” relation Measure “Lsn” Get Ho~ distance

“Geometry” “Calibrators” “SNe Ia” Scolnic et al. 2018
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Planck Results
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Indirect determination of Hy

Planck 2018
Test the concordance
model ACDM
Change the model, change Hy
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Hy Tension | SHOES vs. Planck
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CMB & SNela in disagreement ? No!

Planck 2018
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Inversed Distance Ladder | Lsy anchored by CMB
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H)y Tension | Cepheid — SNe Ia ?

67.4+1.1
ACDM —

SN+BAO+BBN

Early Universe

direct

Late Universe

_._

Riess et al. 2021

73.0+1.0

66 68

Mickael RIGAULT

70 75
Ho [kms=tMpc—1]

74

14



Direct Distance Ladder | SHOES

Get independent distances for SNe Ia

Calibrate “Tip” Amplitude Measure “Lsn”

“Geometry” “Calibrators”

Maser TRGB

Composite Milky Way Globular Cluster CMD

Parallaxes | D.E.B.

g
)

1.4

= Zoom on TRGB

1.0

Freedman 2021 TRGB

i
i

4o
DO

o
Q0

0.8

o
@)

M,

0.6

")
e

0.4

Distance Modulus (mag)
O
LD

0.0 Vil s,

6

Mickael RIGAULT
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H)y Tension | Cepheid — SNe Ia ?
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H) Tension | Cepheid — SNe Ia ? Or not...
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Tensions In Cosmology | Changing the model

Planck 2018
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Then what about New Fundamental Physics ?

Knox & Millea et al. 2019
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Then what about New Fundamental Physics ?

Knox & Millea et al. 2019
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H) Tension | Cepheid — SNe Ia ? Or not...

If systematics, it must be multiple sources of systematic uncertainties
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H) Tension | Cepheid — SNe Ia ? Or not... Or not only ?

If systematics, it must be multiple sources of systematic uncertainties
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Bias that could affect the “Cepheid to SNe Ia” step

Systematics in the SN Distance-Luminosity relation

Measure “Lon” Get _Ho~ distance
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-~ Astrophysical Biases | The progenitor issue
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Astrophysical Biases | The progenitor issue

Scolnic et al. 2018
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GLOBAL

Spiral, Star Forming,
host galaxies
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SNela Luminosity
with respect to average
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SNela Astrophysical dependencies

Low-Z | SNf
Rigault et al. 2020
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The Age Step & Hy

Impact on HO of difference in SN Population
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Astrophysical Bias atfecting Hy

Rigault et al. 2015, 2020

Systematics in the SN Distance-Luminosity relation Impact on HO of difference in SN Population

Measure “Lsn” Get “Ho~ distance

fraction of Young SNela = Magnitude offset
“Calibrators” “SNe Ia” Scolnic et al. 2018 1 \ /
|
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N
D
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Up to 3% bias on Hy

would reduce Ho down to ~71 km/s/Mpc

Remark that Riess et al. submitted only selects “Star Forming Hubble Flow hosts” | We will come back to that
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Astrophysical Bias affecting Hy | Amplitude claimed by SHOES

Baseline SHOES analysis: Hubble Flow SNela all from Spirals hosts Riess et al. submitted

Table 5. Fits for Hg

Fit Variant x?i = N Hy b Y M 19V M % ap

1 Baseline 1.03 3445 73.04 1.01 -3.299 0.015 -0.217 0.046 -5.894 -19.253 0.714158

Hubble Flow Sample Variants §6.8

I33 all host types 0.0233 < z < 0.15 1.03 3652 73.320.99 -3.298 0.015 -0.216 0.046 -5.891 -19.246 0.714479
34 highz:all host types 0.0233 < 2z < 0.80 1.00 4483 73.68 0.98 -3.298 0.015  -0.216 0.045 -5.891 -19.244 0.716225
35 skip local alltypes 0.06 < z < 0.15 1.04 3318 73.351.06 -3.298 0.015 -0.217 0.046 -5.891 -19.245 0.714311

36 highz:skip local alltypes 0.06 < 2 < 0.8 1.00 4149 73.901.01 -3.298 0.015 -0.217 0.045 -5.891 -19.242 0.716991
37 highmass:hubble flow host logmass> 10 1.04 3304 72.971.04 -3.298 0.015 -0.217 0.046 -5.891 -19.251 0.713297

fraction of Young SNela = Magnitude offset Magnitude difference of SNe Ia excluded.

{ / Table 9: Af, = 1 —276/482 = 43%
log(H,"") = log(H,)) — gAfy XA,

Rigault et al. 2015

— A, = 0.02 mag
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Amplitude of Astrophysical steps | Many host measurements...

local mass | 0.07 + 0.02 mag

local photo. sSFR | 0.05 + 0.02 mag
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Explaining the various Step | an accuracy issue

Step means: 2 populations

Step form = best description of data (Childress 2013)

Consequence of mis-classification on the derived step

—_—
1

Tracer “inaccuracy”

Magnitude (a.u.)
|

|
7
]

Amplitude of measured step

classified ‘b’

t(ﬂlt
Tracer (t)

classified ‘a’

\

A{g) = 0.99
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Dec (deg)
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+39.24°

55.61° 55.60° 55.59°

Briday et al. 2021

Example of mis-classification
aka “inaccuracy”

Host-SN2007kk =

-1.0-0.50.0 0.5 1.0 1.5
RA (deg) kpc

« Spiral means Young Progenitor »
— wrong here —
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Explaining the various Step | an accuracy issue

: Briday et al. 2021
Step means: 2 populations /

Step form = best description of data (Childress 2013)

Consequence of mis-classification on the derived step
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Explaining the Step discrepancies | an accuracy issue

Accounting for astrophysical tracer accuracy, it all makes sense !
All Literature are consistant with a ~0.13 £ 0.02 mag bias driven by the progenitor age

0.200

IZ Wik

step value v [mag]
o
2

&4 LsSFR
(Rigault et al. 2020)

T~

U—V [3 kpc]
(Roman et al. 2018)
U — R [4 kpd]
(Kelsey et al. 2021)

(O local sSFR [spectro.] O local mass
(O local sSFR [photo.] @ global mass

O localu—r @ morphology

global mass
(Roman et al. 2018)

(Smith et al. 2020)

T~ local mass
O\ (Jones et al. 2018)
¢ \ .| (Kelsey et al. 2021)
L

local photo-sSFR ‘

(Jones et al. 2018) morphology
(Pruzhinskaya et al. 2020)

40 60 30 100
contamination [%]

Briday et al. 2021
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Explaining the Step discrepancies | an accuracy issue

Accounting for astrophysical tracer accuracy, it all makes sense !
All Literature are consistant with a ~0.13 = 0.02 mag bias driven by the progenitor age

Briday et al. 2021

0.200
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Astrophysical Bias atfecting Hy

Rigault et al. 2015, 2020

Magnitude difference of SNe Ia excluded.
Table9: Af, =1-276/482=43%

Systematics in the SN Distance-Luminosity relation

Measure “Lsn” Get _Ho~ distance

SHOES observed bias Ay ~ 0.02 mag

“Calibrators” “SNe Ia” Seolmic ot al 2018 because of inaccurate tracer
1

IIIIIIII r 1 1 1ihi
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S
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INLS Expected True Astrophysical bias
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Rigault et al. in prep | very preliminary
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Testing the SN Age “two populations model”

Stretch (x;): Type Ia Supernova
Lightcurves “evolution rate”

Nicolas et al. 2021
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Type 1a Supernovae Properties Evolve with redshift !

Age the SN-progenitor age model is in perfect agreement with the Data !

Nicolas et al. 2021

- Age-drift model —— Mean stretch

mean X;

~0.4 -

102 = -
redshift

Mickael RIGAULT
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Hy Tension | Systematics

Astrophysical bias with Sample Selection

non-zero at ~60 level | ~0.15 mag

Younger

Rigault et al. 2015, 2020
(See Briday et al. 2021)

log(1sSFR)

“Cepheid host galaxies are highly star forming”

~95% “Young” ~50% “Young”

in Calibrator VS in Hubble Flow
SN sample SN sample

— Ho would be overestimated by 3% (~71)

Mickael RIGAULT

Calibration Issues (Sample construction)

“Horelies on a sample made of 8 photometric systems”

with limited overlap between the calibrator
and the Hubble flow samples

Systematic effect hard to estimated (unknown unknown)
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/Zwicky Transient Facility (ZTF)

3 filtres (g, 1, 1)
FoV 47 deg?
surveys 3750 deg?/h
20.5 mag 5 o depth
| arcsec/pixel

dedicated spectroscopy

Funding
ZTF 1: 40% NSF + 20% CalTech <+« 40% Partners
ZTF 2: 50% NSF ¢ 20% CalTech <+ 30% Partners
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Typical Type 1a Supernova data | pre-Z1TF
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Z.TF | Type 1a Supernova data

Number of Supernovae

/‘.
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= \ lightcurves
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= lightcurves
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# of Spectra

flux
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>1 Spectrum / target
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Wavelength [A]

Mickael RIGAULT

Dhawan et al. 2021
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Current
Samples

Z.TF Sample | A Revolution

Mickael RIGAULT

ZTF-1 |la Statistics
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Rigault et al. in prep

/TF

Samples
1 year ago
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Mickael RIGAULT

Z.TF Sample | Toward a self-consistant Hy

Measure “Lsn” (Gef 2

Calibrator Sample

Hubble Flow Sample

Volume limited ZTF-SNela < 50 Mpc Volume limited ZTF-SNela z<0.06 Mpc

ZTF detect, 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 500 acquired

No selection function since both volume limited samples

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

distance
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Z.TF Sample | Toward a self-consistant Hy

Measure “Lsn” (Gef 2

distance

Calibrator Sample

Hubble Flow Sample

Volume limited ZTF-SNela < 50 Mpc Volume limited ZTF-SNela z<0.06 Mpc

ZTF detect, 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 500 acquired

No selection function since both volume limited samples

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

erc - Mickael Rigault | m.rigault@ipnl.in2p3.fr Action Dark Energy | 16th of December 2021
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Hy Tension | SHOES vs. Planck

Riess et al. submitted
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