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~4-6s discrepancies
Systematic errors? New physics? 

Hubble tension
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Attempts to reconcile CMB with local measurements:
New Physics!

If there is an extra contribution to the energy density
(=faster expansion rate) with respect to LCDM around
the recombination era then in order to keep θ fixed
requires a larger value of H0

New relativistic degrees of freedom, early dark energy, decaying dark
matter,...
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Models abound:
In the Realm of the Hubble tension − a Review of Solutions       2103.01183
E. Di Valentino, O. Mena, S. Pan, L. Visinelli, W. Yang, A. Melchiorri, D. F. Mota, A. G. Riess, J. Silk
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Early dark energy (EDE) 

Main idea: some amount of dynamical dark energy (= scalar field)  
that contributes a non-negligible amount of energy density at around
recombination (changing the expansion rate) and decaying away
afterwards.  [Karwal and Kamionkowski (2016) + ...]

Very generally the two relevant parameters are: 
. The redshift where EDE contribution peaks (zc) 
. The fraction of EDE at the peak (fEDE = rEDE / rTotal at zc)
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Rebouças et al (arXiv:2302.07333)

fEDE ~10% in 
order to ease
Hubble tension
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Early dark energy

Prototypical scalar field model: “axion-like” potentials:

φ (1-cos(φ/f))
Model fixed by:
n: n=1 for usual axion models
m: small energy scale related to explicit breaking of shift symmetry
f: large energy scale related to spontaneous breaking of a global 
symmetry [in axion case, m= /f]
Initial conditions for the field
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Early dark energy “decay” 

The power “n” in the potential is related to the equation of state when 
the field is coherently oscillating about the minimum of the potential:

w = (n − 1)/(n + 1)
rEDE ~ (1+z)3(1+w)

For n>2 EDE decays faster than radiation and quickly becomes
negligible: one usually assumes n=3.
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Early dark energy “coincidence problem” 

Why EDE becomes relevant at around the recombination epoch?

Usual answer: fine-tuning of model parameters.

Not really satisfactory.

Recently a generalization of this model was proposed to address the
“why now?” problem: neutrino-assisted EDE 
[Sakstein and Trodden, PRL (2019);  González, Liang, Sakstein and M. Trodden, JCAP (2020)]
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Neutrino-assisted early dark energy - nEDE

nEDE postulates a coupling between neutrinos and the EDE scalar field
(coupling constant denoted by b)

Two main effects:
. EDE field acquires an effective (time-dependent) potential
. The coupling to neutrinos induces a kick in the field
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Neutrino-assisted early dark energy - nEDE

The neutrino kick happens because the coupling turns out to be
related to (rn – 3 Pn): it is zero for relativistic particles (zero coupling) 
and turns on when neutrinos transition to non-relativistic.

This kick happens at the neutrino mass scale – around O(eV) 

We assume in the following three degenerate neutrinos with

S mno = 0.3 eV
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Neutrino-assisted early dark energy - nEDE

We investigate this model in more details, assessing to what extent
the coupling to neutrinos can help in the fine-tuning problem.

We developed an implementation of the νEDE model in CAMB at the 
background level to analyse the evolution of the EDE scalar field in the 
time-dependent effective potential given some initial conditions and 
model parameters.
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Neutrino-assisted early dark energy - nEDE
We study two cases for the initial conditions:
. the field starting at some arbitrary value (field initialy frozen by 
Hubble friction).
. the field starting at the minimum of the effective potential (field is 
dynamical and relaxed to the minimum).

In the second case the neutrino transition would move the field from 
the minimum and solve the fine-tuning issue.
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nEDE: results

Example of the EDE energy density contribution:
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nEDE: results
Example of the EDE field evolution in the effective potential for 
different initial conditions (field initially frozen):
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z = 105



nEDE: results
Example of the EDE field evolution and contribution to the energy 
density:
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fEDE ~10%  around
recombination but it is NOT 
due to coupling to neutrinos!
Coupling does not play a
significant role in this case.



nEDE: results
Example of the EDE field evolution when the field has already relaxed 
and is tracking the minimum of the effective potential at high redshift 
– avoid initial condition issue (natural initial value).
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nEDE: results
In this case the neutrino coupling is relevant and produces a large 
enhancement in the EDE density:
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nEDE: results
However, the amount is insufficient to ameliorate the Hubble tension:
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nEDE: conclusions

We conclude that νEDE models do not seem to naturally provide a 
significant amount of early dark energy which is one of the criteria 
usually required for the model to ease the Hubble tension.

However, one should perform a more detailed study using a full 
Bayesian analysis to take into account not only the peak contribution 
of EDE in this case. Also, other type of potentials and couplings should 
be studied.
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