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The Hubble tension

LP and F. Skara (review in progress)

Q.: What is the feature that distinguishes the two 
Groups of H0 values?

Is it cosmic time or is it the assumption of 
distance ladder effects and fixed low z-high z  

gravitational physics?



Measuring H0-H(z) with a standard ruler: 
early time calibrators 

Sound Horizon at Recombination Standard Ruler (Early Universe):

measured

rs=147.6 Mpc from Planck and BBN
values of ρb, ργ and ρCDM

calculated

inferred

comoving

Degeneracy between rs and H0 and E(z).

Depends on ρb, ργ and ρCDM



Measuring H0–H(z) with standard candles: 
late time calibrators 

Fit SnIa Standard Candles for H0 , z<0.1:

measure measure locally (z<0.01, 40Mpc) using 
relative distance indicators (eg Cepheids) 

fit with kinematic expansion (z<0.1)

fit
Degeneracy between M (measured at z<0.01) 

and H0 (fit at z>>>>>>>  0.01).

Parametrize H(z):

Minimize:

Fit for H(z) and cosmological parameters (Ω0m) zmax~2.



SnIa luminosity and effects of gravity

Measured parameter combination by uncalibrated SnIa:

What could be the cause of a possible  M variation with 
redshift?

Modified gravity:



The Hubble Crisis Approaches

How can H(z) derived from late time calibrators (blue 
point) become consistent with H(z) derived from early 

time calibrator (black line)?

Change SnIa Intrinsic Luminosity.
(move blue point down) 

Change sound horizon scale.
(shift black line up) 



The Hubble Crisis Approaches

How can H(z) derived from late time calibrators (blue 
point) become consistent with H(z) derived from early 

time calibrator (black line)?

Change SnIa Intrinsic Luminosity.
(move blue point down) 

Change sound horizon scale.
(shift black line up) 

Deform H(z) by eg dynamical dark energy.
(distort black line) 



Subhorizon Growth of Matter Perturbations

The dynamical linear growth of perturbations δm(z,Ωm0) :

Example:  Scalar-Tensor theories



Observational Probe of Perturbation Growth

Growth rate:

Density rms fluctuations within spheres of radius R = 8h-1Mpc

Bias free combination:

34 fσ8(z) datapoints from RSD survey measurements (each assuming different fiducial cosmology),  
18 of them robust-independent

Construct theoretically predicted fσ8(a,σ8,Ω0m): 

Construct χ2(σ8,Ω0m): 



The growth tension

Redshift Space Distortions Weak Lensing



Degenerate measurable parameter combinations

H0 measurement using sound horizon standard ruler
(inverse distance ladder):

H0 measurement using distance ladder:

No dependence on Geff.

M depends on Geff.

Growth of perturbations measurements: depends on Geff.

>

Assumptions:  P18ΛCDM E(z),  Standard expansion before zrec

Assumption:  Geff(z<0.01)=Geff(z>0.01)

Assumption:  Geff(z)=G0,N

H0 Tension

Growth Tension



Modifying the early time calibrator:
Early Dark Energy 

Decrease sound horizon using more rapid 
expansion before recombination (Dark Energy):

Measured (CMB anisotropy spectrum peaks)

Calculated:

Deduced

Increases early 
expansion rate and 
thus decreases rs. 

Initially H>>m 
(field frozen)

Assumption Modified:  Standard expansion before zrec



Early Dark Energy 

Initially H>>m 
(field frozen)

When H~m the field rolls down its potential 
(mass dominates Hubble friction). 

This happens when z=zrec (m~10-27 eV)

Field energy must dissipate faster than 
matter to avoid spoiling other data



Problem Early Dark Energy worsens 
growth tension

Higher matter density is required to compensate for 
early dark energy effect after recombination.

Higher matter density contradicts the required low 
value of matter density at late times from weak 

lensing and growth data (growth tension gets 
worse).



Modifying the late H(z) evolution:
Phantom Dark Energy

Q: Is it possible to keep the CMB anisotropy spectrum unaffected while changing H(z)?

A: Yes provided that we keep specific parameters unchanged:

These cosmological parameters fix to high accuracy the form of the CMB anisotropy spectrum

General h(z)

Demand

CMB spectrum = Planck Spectrum

This method can be used to find general degeneracy relation between fDE(z) and H0.
Fixing h(z=0)=h=0.74 gives infinite fDE(z), w(z) forms that can potentially resolve the H0 problem.

Define: 
h(z)=H(z)/100km/(sec Mpc),

h=h(z=0)

Fix to Planck best fits
allow to vary

Derive fDE(z)

Fix h=0.74 (SnIa)



Special case  I :  wCDM

H(z) for wCDM

For h=0.74 this gives w=-1.22
This value of w corresponds to h=0.74 

and CMB spectrum identical with 
Planck/ΛCDM. 



A  general H(z) deformation (CPL)

H(z) for CPL

The χ2 problem of H(z) deformations
Poor fit to BAO+SnIa

2 2 2
min 18CPL Pχ χ χ−∆ = −

Hubble tension 
deformation:

CPL parameters consistent with 
both CMB+local H0.



The growth problem of H(z) deformations 



The M problem of  H(z) deformations



A w-M Transition

H(z) for w-transition

Χ2 problem is resolved.
Growth tension is not worse.
What about the M problem?



The χ2 is resolved but the M problem worsens

w-transition model

cpl-along the w0-w1 line

Mbf-z>  0.01

Mbf-z<0.01



The M transition cures the M problem

Q: What could cause an M transition?

A: A transition in Geff.



The Gravitational Transition

A 6% transition of Geff is required for the 
reproduction of the required ΔΜ=0.1.



The Pure M-transition model

A 12% transition of Geff is required for the 
reproduction of the required ΔΜ=0.2 for 
a pure Planck/ΛCDM background.

SnIa luminosities in the context of a 
Planck/ΛCDM background

Χ2 problem is resolved.
Growth tension resolved.
M problem resolved

The reduced value of
Geff allows for a 
larger value of Ω0m
thus resolving the 
growth tension



Tully-Fisher Data

Tully-Fisher relation: Baryonic mass of galaxies proportional to power (s~4) of rotation velocity

Q: Is there a hint for a transition of the best fit value of AB at some zt<0.01 (D<40Mpc)?

Tully-Fisher dataset: Updated SPARC database (Lelli et al. 2019,2016), 118 (D,MB,vrot) datapoints 

Split in two subsets: Σ1: D>  Dc, Σ2: D<Dc. 
Find σ-between the best fit parameters of each subset. 



Tully-Fisher Data: Hints for transition

Split in two subsets: Σ1: D>Dc, Σ2: D<Dc. 
Find σ-between the best fit parameters of each subset. 



Tully-Fisher Data: Hints for transition
Split in two subsets: Σ1: D>Dc, Σ2: D<Dc. 
Find σ-between the best fit parameters 

of each subset. 

Galaxies further away have 
higher AB by 20% 

and thus 
lower Geff by about 10% 

(3σ distance).



Conclusion

Late time H(z) deformation approaches to the Hubble tension suffer from 3 
problems: the χ2 problem, the growth tension worsening and the M problem.

These problems are avoided if the H(z) deformation is replaced by a sudden 
diming of the SnIa intrinsic luminosity occurring less than 150 million years 

ago (zt<0.01).

Such a diming may be due to a sudden increase of the strength Geff of 
gravitational interactions by about 10% at zt<0.01. This is a viable and 

testable conjecture.

There are hints for such a transition in recent Tully-Fisher data which probe the 
dynamics of galaxies at low z.



Viability of a gravitational transition

Marginally viable if GN=Geff and assuming

Any of these may need to be modified (more studies are needed)

Search for hints of gravitational transition in other astrophysical data



The large scale tensions of the 
standard model

1. The Hubble crisis (5σ): Local direct measurements of H0 are in 5σ tension with CMB 
indirect measurements of H0. (Planck CMB: H0=67.4, SnIa+Cepheids: 74.03 (5σ, 9%))

2. The growth tension (2-3σ): Direct measurements of the growth rate of 
cosmological perturbations (weak lensing, peculiar velocities, cluster counts) indicate 
a lower growth rate than that indicated by Planck-ΛCDM  (lower matter density).

3. CMB anisotropy anomalies (2-3σ): Lack of power on large angular scales, small vs 
large scales tension (different best fit values of cosmological parameters), cold spot 
anomaly, hemispherical temperature variance asymmetry, preference for odd parity 
correlations etc.

4. Cosmic Dipoles (2-4σ): Fine structure constant dipole (quasar spectra), quasar 
density dipole, large scale velocity bulk flow.

5. The Lithium problem (2-4σ): Measurements of old, metal-poor stars in the Milky 
Way’s halo find 5 times less lithium that BBN predicts.



Structure of talk

7.  Conclusions – The road ahead

1. The Hubble tension, measurable degenerate parameter 
combinations  and the three classes of models
2. The growth tension

3. The sound horizon scale modification class and the growth tension

5. The SnIa luminosity transition and the three problem resolution.

4. The H(z) deformation class and its three problems

6.  Gravitational transition in the Tully-Fisher data? 
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