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“Early” versus “late” H,

H(z)/(1+ z) [kms~ ! Mpc™!]
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I Ways to resolve the tension

Our “special” place in the universe:
we live in a big void
or
The universe is not isotropic

} 3

A “favorite” option Not excluded W

“New physics”:
an extension to the base ACDM model,
new “species”, interactions

Systematics in CMB datal Systematics in data used to construct
or the extragalactic distance ladder,
Error in CMB analysis underestimated errors
Not excluded T A likely option
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I Ways to resolve the tension

Published Hubble Constants Distribution of H“ values
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The extragalactic distance ladder

Type Ta Supemovae — redsh:ft{?)

0=0.135 mag
a2t -
= ]
T
=]
% | ]
=t
N 36 i
-8
Cepheids — Type Ia Supernovae i 4 ; , : . ]
0=0.130 mag, N=42 i 1 4 . g gl 104
uE , E o
= A 00 E
& 33fF 3 ! 5 =
8 . ] T T T 0.4
E 2F - 4 H 36 iR 42
= . SN Ia: m-M (mag)
= 3 . 3
—_—
Z
w1 30f 3
Geometry — Cepheids =k i
wfETT T T T - :
N4258 3 }ﬁ 30_4 .
e M31 E :
& 4 ++++ _:0.0 E
8 3 1-04
E, W LMC J29
E Cephfnd m- M (mag)
'9 Milky Way
7] 15F B
=
&
u 10 -
ot 3 oY .-0.4
o2k 4t 3 &
ﬂ-“'ﬁg 0 ¥ 2400 E
021F I K -1
04F 3-04
10 15 20 25 30

Geometry: 5 log D [Mpc] + 25 6 / 17



The extragalactic distance ladder -
geometric anchors

Type Ta Supernovae — redshift(z)
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The extragalactic distance ladder :
geometric anchors - LMC

The eclipsing binary distance to the Large Magellanic cloud (Pietrzyrski+2019,Natur,567,200;
Araucaria project)
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Fig. 1. New relation between surface brightness ;- and (V' — K), colour. a, Plot of 5,
versus (¥ — K), (data points) and fitted line. The r.m.s. scatter on this relation is 0.018 8/17



The extragalactic distance ladder :
geometric anchors - calibration of Cepheids
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The extragalactic distance ladder -
calibration of SN la

Cepheid: m-M (mag)
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The extragalactic distance ladder -
calibration of SN la

Riess+(2022,ApJL,934,7)
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The extragalactic distance ladder -
calibration of SN la

Riess+(2022,ApJL,934,7)
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The extragalactic distance ladder

Cepheid: m-M (mag)
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Absolute Magnitude

The extragalactic distance ladder:
standardization of SN la

W

as measured
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The extragalactic distance ladder:
standardization of SN la

color (salt2.4)
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The extragalactic distance ladder: summary

Magnitude of possible systematic effects present in different rungs of the distance scale

2" step:
Calibration
and standardization
of Cepheids

Physics:
not fully understood

!

2-3%
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The extragalactic distance ladder:
update - JWST

Riess & Breuval (2023)
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