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The Hubble Tension

Status and Perspectives
https://plancksatellite.org.uk/science/ and https://science.nasa.gov/mission/webb/multimedia/images/#first-images
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in this talk:

● What is the Hubble tension?

– The CMB side

– Local distance ladder and standard candles

● Probes of the Hubble tension

– BAO+BBN

– Other probes of the expansion rates

● What can we expect in the future?
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The CMB
M. Bartelmann: Observing the Big Bang 
(lecture Notes, University of Heidelberg)
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The CMB

There is a difference between CMB and local 
distance ladder derived measurements

Angular scale of 
first peak

Damping tail

Even/Odd ratio

First peak 
height

Sachs-Wolfe 
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Overall amplitude

Overall tilt
Other peak 
heights (ℓ>20)
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The CMB

There is a difference between CMB and local 
distance ladder derived measurements
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The Hubble Tension

     Planck 2018

95.4% (2σ) limits

68.3% (1σ) limits
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Observed

(standardized)

Final distance

Intrinsic brightness

Standard candle  ≅
object that the intrinsic brightness 

can be estimated of
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● All you need is to 

– Have a measurable object (not too faint)

– Be able to estimate its intrinsic brightness

● Use correlation of intrinsic properties!

– correlated to pulsation period (Cepheid, Mira)

– correlated to line velocity broadening (HII galaxies)

– correlated to rotational velocities (Baryonic Tully Fisher)
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Standard Candles

Sadly, this is not where the issues stop

Even when we find objects with good intrinsic 

properties that allow for estimation of the intrinsic 

magnitude and also give their redshift, there is still 

one more hurdle !
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Issues of Standard Candles

● Calibration of M requires nearby objects of known 

distance

● Measurement of H(z ) requires faraway objects (in the 

Hubble flow, peculiar velocities)

● Nearby objects are faint at large distance

● Faraway bright objects are uncommon in the local 

universe
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Issues of Standard Candles

● Calibration of M requires nearby objects of known 

distance

● Measurement of H(z ) requires faraway objects (in the 

Hubble flow, peculiar velocities)

● Nearby objects are faint at large distance

● Faraway bright objects are uncommon in the local 

universe

The solution:

Build a ladder!
Calibrate bright faraway objects 

using faint nearby ones
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The Hubble Tension

4.4σ

1 in 100 000

     Planck 2018

     SH0ES 2020
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This is probably just...

● Not understanding Supernovae Ia…

● Not understanding Cepheids…

● Not understanding the Planck experiment…

● Not understanding the CMB properly...
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Short Interlude:

What about the TRGB?

● TRGB = tip of red giant brach

● Red giants accumulate Helium

in their cores

→ Helium flash and carbon burn
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Short Interlude:

What about the TRGB?

Estimate the intrinsic magnitude 

from where population of stars 

abruptly ends

Issue:

What is abruptly ?

 Sung Jang+2020 (2008.04181)  Scolnic+2023 (2304.06693)
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Model-dependence!

Verde,Schöneberg,Gil-Marin (upcoming review in ARAA)
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What to do?

Given that the CMB appears to be 

– model dependent

– only inferring H0 very indirectly

we might use independent confirmation!
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BAO+BBN – a closer look
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General idea:

1) BAO determines Ωm and H0 rs

2) BBN determines Ωb h2

3) Their combination directly relates 
H0 rs → H0

Different z → We measure H0

BAO and the sound horizon

Δθ
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arXiv:1907.11594 → JCAP 10 (2019) 029 
Nils Schöneberg, Julien Lesgourgues, Deanna C. Hooper
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BAO + BBN

Galaxies

Combined

arXiv:1907.11594 → JCAP 10 (2019) 029 
Nils Schöneberg, Julien Lesgourgues, Deanna C. Hooper

Lyman-α
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BAO + BBN

SH0ES

Combined Planck

arXiv:1907.11594 → JCAP 10 (2019) 029 
Nils Schöneberg, Julien Lesgourgues, Deanna C. Hooper

Lyman-α

Galaxies

Combined
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arXiv:2209.14330 → JCAP 11 (2022) 039
Nils Schöneberg, Licia Verde, Héctor Gil-Marín, Samuel Brieden
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more 
baryons

arXiv:2209.14330 → JCAP 11 (2022) 039
Nils Schöneberg, Licia Verde, Héctor Gil-Marín, Samuel Brieden
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Ωmh2
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arXiv:2209.14330 → JCAP 11 (2022) 039
Nils Schöneberg, Licia Verde, Héctor Gil-Marín, Samuel Brieden



  Nils Schöneberg nils.science@gmail.com

Ωmh2

Constraints equivalent to full LSS modeling, 

but more robust

→ Possible extensions in the future

arXiv:2209.14330 → JCAP 11 (2022) 039
Nils Schöneberg, Licia Verde, Héctor Gil-Marín, Samuel Brieden
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Ωmh2

Ωmh3

Constraints equivalent to full CMB modeling, 

but more robustarXiv:2209.14330 → JCAP 11 (2022) 039
Nils Schöneberg, Licia Verde, Héctor Gil-Marín, Samuel Brieden
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Verde,Schöneberg,Gil-Marin (upcoming review in ARAA)
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The third family

Standard candles which aren’t candles
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RXJ1131
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Strong Lensing

● Strong lensing gives the distance to the lens

● Redshift of lens and source typically known from 

spectral features

● Together this gives H0
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Verde,Schöneberg,Gil-Marin (upcoming review in ARAA)
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Standard Sirens

● Idea: Use GW to measure distance

Mukherjee+2019 (arxiv:1909.08627)

constants

measured

multi-pol. observations + others

electromagnetic counterpart → z
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Verde,Schöneberg,Gil-Marin (upcoming review in ARAA)

GW170817
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Standard Sirens

● Idea: Use GW to measure distance

Mukherjee+2019 (arxiv:1909.08627)

constants

measured

multi-pol. observations + others

electromagnetic counterpart → z

Hotokezaka+2019 (1806.10596)
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Verde,Schöneberg,Gil-Marin (upcoming review in ARAA)
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Quick Reminder

● Each individual object in Hubble flow is subject to 

peculiar velocities

● If we have many object, we can hope velocities 

average out/treat them as scatter

● If we have only one object, this is a source of 

uncertainty

● However, we can estimate it (from surrounding 

structure)
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● Each individual object in Hubble flow is subject to 

peculiar velocities

● If we have many object, we can hope velocities 

average out/treat them as scatter

● If we have only one object, this is a source of 

uncertainty

● However, we can estimate it (from surrounding 

structure)

+ high redshift = more Hubble flow compared to peculiar velocities

Redshift of supernovae Ia:          0.15 – 2.0

Redshift of GW170817:               0.01
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Acceleration

● Masers are an important tool to get distances

Blueshift/redshift = orbital velocity
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Dark Sirens

● Electromagnetic counterpart → Standard siren

● No EW → No Hubble?    Not so fast!

● We might not get individual distances, but we can 

estimate stochastic distances
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Dark Sirens

● Use electromagnetic observations (light) from 

galaxies to estimate their distribution

● This is assuming binary coalesences are 

associated to objects in galaxies and assuming we 

know the rate of merges in galaxies

(and that the galaxy catalogue contains the merger event source) 

(e.g. 2212.08694, 2310.13695)
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Dark Sirens
Alfradique+2023 (2310.13695)

Not yet 

competitive, 

but with 

O(1000s) 

events it might 

become

Talk by Simone
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Future Expectations

● If I could see the future, I would not be a physicist!
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Future Expectations

● More CMB data (ACT DR6)

● More LSS data (Euclid, DESI → BAO but also power 

spectrum shape H0)

● JWST local distance ladder (+TRGB discussions)

● Alternative methods reaching decent precision

(FRB, GRB, QSOs, time delay, chronometers)

● Will GW cosmology be a part of that?
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Takeaways:

● CMB determination of H0 is model-dependent

● BAO+BBN excellent alternative (calibrated rs)

● Standard candle ≅ object of which intrinsic 

magnitude can be estimated

● Many alternate measurements

● GW could be a part of the search for an answer!
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Backup Slides
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BBN and the baryons

General idea:
1) BAO determines Ωm and H0 rs

2) BBN determines Ωb h2

3) Their combination measures rs 
(and H0 rs)

→ We measure H0
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BBN and the baryons

General idea:
1) BAO determines Ωm and H0 rs

2) BBN determines Ωb h2

3) Their combination measures rs 
(and H0 rs)

→ We measure H0
Ωbh2 determines time of decoupling from photons
→ Strong influence on Deuterium
More baryons → earlier decoupling → higher temperature → more 
efficient deuterium burning → Less deuterium, slightly more Helium
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BAO + BBN

it works!
→ Is it a robust result?
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BAO + BBN

+DR

arXiv:1907.11594 → JCAP 10 (2019) 029 
Nils Schöneberg, Julien Lesgourgues, Deanna C. Hooper

H0 rs → H0
?
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+DR

arXiv:1907.11594 → JCAP 10 (2019) 029 
Nils Schöneberg, Julien Lesgourgues, Deanna C. Hooper

H0 rs → H0



  Nils Schöneberg nils.science@gmail.com

BAO + BBN

+ zrec 
shift

H0 rs → H0
?
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BAO + BBN

H0 rs → H0

+ zrec 
shift
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Early Dark Energy
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Early Dark Energy


