The H,tension

George Efstathiou, Kavli Institute forCosmology, Cambridge
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H, tension
Riess etal (2019):

(1.9% measurement)

Planck (2019):

(0.9% measurement)
Discrepant by

(= 10% discrepancy, or 4.30)
As Adam Riess emphasises
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Planck 2015
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Planck 2018
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Hg in extensions to ACDM

Model Planck TTTEEE | Planck T T TEEE+BAO
ACDM 67.44 £ 0.58 67.69 & 0.42
ACDM+m,, 66.8 + 1.2 67.8+0.6
ACDM+ N, 66.4 + 1.6 67.4+1.2
ACDM+my, + N, 66.1712 67.54 1.2
ACDM+msty + Ny 67.1+0.7 67.897 35

ACDM 42, 56 + 4 67.9+0.7
ACDM+wg + wg — 64.9 + 2.1
ACDM+nrun 67.25 + 0.60 67.66 & 0.45

There is not even a hint of movement towards
the SHOES value of H,




100
(\l'_l
A'd 50
3.
I
t
~ =50
SN
-100
—150
10
| —
N
e
3.
I
Ll
l_ﬂ
8§ -5
<
—-10

? /\ = ACTDR4 '

= Planck

A.Thfﬁ'm'*L’*’+TT*'H'“*W++“**w B

{



[

S 6x1074
| -

Lol
Ll

__2x10

4 C
—2x107° L

1073 ¢

4x1074 |

8x107* [

ox104

a5

s

1000

1500 2000

3000 4000

2.9

1.5

£C 5 /1x10° [uK?]

ACCSE/1x10° [uK?]



Summary (part 1)

1 The CMB results for base ACDM are totally secure

u from CMB including
high multipole polarization spectra observed by ACT

1 Inverse distance ladder (supernovae+BAO) gives low
Ho (68 £ 1 km st Mpc?) independent of nature of
dark energy, dark matter and their interactions.

(1 Recent LUNA results on d(p, y)3He reaction rate
improve consistency between Planck, big bang
nucleosynthesis and observed deuterium abundance.



It is therefore reasonable to question
the accuracy of the distance ladder.
If there is a problem, what is it likely to

nf .‘-: + |'+ '
I Cepheids ¢~ M‘M b

Type Ia Supernovae — redshift(z)

o =
3 S
T

2
>
T

n (z,H,=73.2 90.j)

- Supernovae

be?
Cepheids — Type Ia Supernovae -
Ey
g
> %
=
5
Z
v 3
Geometry — Cepheids
' ' Na258 “F ‘ l ‘ +
».1 Anchor M31 ' . '
20 chors ¥-7 "~ ¥ yﬁﬂH% 43 -:0.0 g
g - + <
2] 20 LMC 29 30 31 2 3
E Cepheid: m-M (mag)
o L
= [Milky Way
)
o 10

qu-+ L E gl)
wff - ~fF -~ — ¢~ ——+ - - {00 &
02F 3 >

20 25

Gedmetry: 5 log D [Mpc] + 25

i-04

104

<

40

SN Ia: m;M (maé)

6Hy/Hp =-0.2 dm In10
=-0.46 &m

so we need a systematic of
~ 0.1 - 0.2 mag to match the
Planck Hg



Riess etal 2016 mIV_}/ = my — 0.41(‘/ _ ])

- Z 10910 (O/H)

mI‘/}/ — e blogw [10 days]

H!.,*lm

i ‘. ‘ \II\ L i | b ¥ 43 "(' } L
ool ||/ o% I‘ il 18 a L6 "' Il '.""‘i
| l‘I'“|||I I’ IJ

+

| ”..

||||"||E || i ]l

|||||
ey

|
IIIIIIIII
""""""

Period [days]



Removed | Model Residual

N3370 P= 46.59



Problems with the distance anchors:

Geometric distance distance (20 detached eclipsing binaries) to LMC:

Uve = 18.477 £0.026 mag  (Pietrzynski et al 2019)
Geometric distance to maser galaxy NGC4258:

MUnaoss = 29.397 £ 0.033 mag (Reid etal 2019)

(1)

(2)

Nevertheless, if | use LMC Cepheids from Riess et al (70 Cepheids with HST
photometry) and 4258 Cepheids from Riess etal (2016) and fix p ¢ to (1),

| infer a distance modulus to NGC 4258 of

Unaoss = 29.220 +0.029 LE
= -8 F
which is discrepant with (2) by 3.50. E o _
(Ap = 0.18 mag) = —i

= NGC4258
= LMC

Period [days]
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4258+LMC anchors
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L o e e e e e

80 -
76 -
72

68 -

—3.30 —3.15 —3.00

—3.45



18.56 -
18.52 -

DWT7{

1848 4

18.44 -

29.36 29.40 29.44

29.32

29.28

4258



The SHOES degeneracy

Assume that crowded HST magnitudes are biased by a constant offset 6a
relative to resolved ground based photometry:

M = M Riess - 0a

In such a model, the offset term will cancel if the NGC 4258 anchor is used to
calibrate the Cepheid PL relations of the SN host galaxies.

The offset term will not cancel if one uses local resolved calibrators, i.e. LMC,
Milky Way or M31. On this model, these local calibrators will ALL lead to biased

values of H,.

This is the SHOES degeneracy.
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Is there any evidence for such an effect?

Hubble Constant Over Time
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TRGB Freedman etal 2019 H,= 69.8 £ 0.8 (stat) + 1.7 (sys) km/s/Mpc

BUT -- many of the systematic errors are common to the TRGB and Cepheid
measurements (SN mags, anchor distances etc). So my claim is that these

measurements are discrepa nt.



For galaxies in common between Riess etal and Freedman etal:

0.6 i I I I I | I I I I | I T T T | T T T T
e 4258 anchor for Cepheids
0.4 - e LMC anchor for Cepheids

- M101 4356 1448 | 3021
4424 1365 5584 1309

o
20

|
.t
AV}
|

Mcepheid ~— MTRGB
o
——
|
|
|
|
|
|
|
|
|
|
: |
SR
L
i
¢
o
C
; |
——]
|
|

I
<
N

I I I
A
A d

I
o
o

[AY)
©
QL
o
W L
—
oY)
(4]
o
V)

MrrRGB

Calibration difference for blue points is Wrres— Hcepheidime) = 0.14 £0.02 (70) !



The differences in H, between Riess etal and Freedman etal reflect differences in
local calibration. For example, using the Pantheon SN magnitudes

He=70.4+1.3 km sMpc!
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There is clearly a difference in the LMC calibrations of the
TRGB and Cepheid distance scales.
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Summary (part Il)

L] Differences in the distance ladder measurements of H, are
caused by differences in local calibration.

 These differences should be resolved on short timescale,
therefore establishing definitively whether the Hubble tension
exists.



W
m"; [mag]

15
16
17
18 |
19 |
20 |
21 |
22 t

M31 Cepheid

S

b =-3.30+0.03

10 100

Period [days]




W
m"; [mag]

19 ¢
20 |
21 |
22 |
23 |
24 |
25 |
26

M101 Cepheil

ds

b=-2.97+0.08
(3.90)

10

Period [days]

100




Gravitational lens time delays: Wong etal, 2020, MNRAS, 498, 1420.

— Al
. +2.9
HO . 71~073_3 mm B1608 (Suyu+2010, Jee+2019)
H.:78.9+34 RXJ1131 (Suyu+2014, Chen+2019)
0:78.2754 HE0435 (Wong+2017, Chen+2019)
Hy:71.775% 11206 (Birrer+2019)
) 154 WFI2033 (Rusu+2019)
Hy:68.9757 PG1115 (Chen+2019)

Hy,:71.6 1;
:81.173Y

probability density

but Birrer etal arXiv:2007.02941

this work kinematics-only constraints on mass profile
7 time-delay lenses (+ 33 SLACS lenses in different combinations)
+5.6
74.5%38
et
TDCOSMO-only
+5.8
L

TDCOSMO+SLACS g, (anisotropy constraints from 9 SLACS lenses)
+4.3
67 éi 47

TDCOSMO+SLACSgpss (profile constraints from 33 SLACS lenses)

67.‘?%;%

TDCOSMO+SLACSspss + 5y (@nisotropy and profile constraints from SLACS)

60 65 70 75 80
Ho [kms~tMpc!]



From Freedman etal 2020, ApJ 891, 57.

Measurements of LMC Extinction
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Inverse distance ladder

H2(z) = H% [ A(1+z)3 + B+ Cz + D(1 + z)¢]

{  SHOES
70/° i BAO

40t
Ho= 68.42+0.88 km/s/Mpc

30+
assuming Planck value of sound horizon
rq=147.27+ 0.31 Mpc
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Classes of variable stars

Instability Strip

I Main
: i Sequence

Type Period Population
Type

Long period variables (LPVs) 100-700 days LIl
Classical Cepheids 1-50 days I

W Virginis stars 2-45 days Il

RR Lyrae stars 1.5-24 hours Il

& Scuti stars 1-3 hours I

(3 Cephei stars 3-7 hours I

ZZ Ceti stars 100-1000 I

seconds

lar-type




H, revisited

George Efstathiou™

Kavli Institute for Cosmology and Institute of Astronomy, Madingley Road, Cambridge CB3 OHA, UK
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all Cepheids

outliers removed

galaxy matches (Am) (AC) (Am) (AC)
N4536 28 —0.114 £ 0.057 0.153 —0.069 £0.062 0.153
N4639 17 —0.071 £0.100 0.091 -0.071 £0.100 0.091
N3370 51 —0.105 £ 0.055 0.146 —0.090 £0.055 0.145
N3982 12 —0.178 £0.090 0.092 —0.081 £0.094 0.092
N3021 13 +0.120 £0.146 0.196 +0.1204+0.146 0.196
N1309 16 —0.087 £0.091 0.330 —0.087+£0.091 0.330
N5584 65 —0.028 £0.049 0.039 +0.001 £0.051 0.038
N4038 11 —0.239 £0.153 0.109 -0.239+=0.153 0.109
N4258 73 —0.217 £ 0.055 0.145 —0.020£0.062 0.143
(mg])RIG = (m}v}/)Rll 3 (Am), (Am) = —0.051 £0.025,
(V—IDrie = (V—1I)ru+(AC), (AC) = 0.14 £ 0.03,

&6H, = 1.8 km/s/Mpc from photometry (systematic)



From Hoffmann etal 2016 ApJ, 830, 10.
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Possibilities:

1 Difference between anchors is an unusual
statistical fluctuation.

d Systematics in one or both geometrical anchor
distances.

J Metallicity (population) differences between LMC
and SN host Cepheids

1 Offset between PL normalization for resolved
Cepheid photometry and crowded (SN host)
Cepheid photometry



