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Cosmological tensions

Significant descrepancies in cosmological data obtained in different experiments!

• H0- present day Hubble parameter  

• S8-growth matter density parameter
• MB-type Ia Supernova absolute magnitude
• BAO Lyman-⍺

E.g., H0- tension: 

H0= 73.04 km s-1 Mpc -1 – Cepheid-calibrated distance ladder approach (SHOES team).
 

H0= 67.4 km s-1 Mpc -1 – CMB measurements assuming ΛCDM (Planck team). 
5 𝝈 deviation! 
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SHOES ladder:

ΛCDM Planck18

comoving angular diameter 
distance to last scattering:

H0 is estimated from this expression
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How to resolve these tensions?

This program brings together 

cosmologists to solve this problem.
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The ΛsCDM model emerges as one of the promising models for addressing major 

cosmological tensions, viz., H0, MB (Type Ia Supernovae absolute magnitude), and S8 

(growth parameter) tensions, along with some other less significant tensions, and 

stands as the most economical model with this capability.

O. Akarsu, J. D. Barrow, L. A. Escamilla, S. Kumar, E. Özülker, 

J. A. Vazquez, A. Yadav, E. Di Valentino, R. C. Nunes

Phys. Rev. D 101, 063528 (2020);

Phys. Rev. D 104, 123512 (2021);

Phys. Rev. D 108, 023513 (2023);

arXiv:2307.10899 [astro-ph.CO]

Abrupt mirror AdS-dS transition:

Λs0

-Λs0

0

0

?
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Phantom scalar field !!!

- phantom

- quinessence
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Scalar field energy density and pressure:

Equation of motion:

Equation of state parameter and speed of sound squared:



Two phantom branches:

n-phantom:

p-phantom:

n-phantom to p-phantom crossing:

Continuity equation:

For both brances!

can smoothly approach zero from below, crossing                 

in finite time without any singular behavior! 

has a pole because of

safe singularity!
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However, possible problems:

• Violation of the null energy condition                      .

• Energy density may be negative                .

• Big rip singularity                                          .

• Instability of the model for unbounded potentials                       .

the addition of ordinary matter (e.g. CDM + radiation) 

and the appropriate choice  of potential energy V

allows us to circumvent these problems.
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?
violation 
of WEC

We shall demonstrate that:

!



Potential:

Asymptotic behavior:

,

,
dictates the rapidity 
of transition
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Background model

FLRW-metric:

CDM and radiation:

Scalar field

Equations of motion:

(1)

(3)

(4)

(5)
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(2)



It is convenient to use the redshift instead of synhronous time

and introduce the dimensionless parameters:
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Equations (1)-(5):

(1)

(2)

(3), (4)

(5)
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Additional useful expressions:

Scalar field EoS:

EoS for total matter content:

Dimensionless total energy density:

Hubble parameter derivative: 

Deceleration parameter:
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Numerical integration

We assume that prerecombination universe is well described by the ΛCDM model,

and we start calculations from the redshift                              of last scattering.

ΛCDM comoving sound horizon:

Planck CMB spectra angular scale of the sound horizon:

Comoving angular diameter distance 

to last scattering:

Planck CMB spectra

We took into account contribution
from both photons and neutrinos

(*)

(**)
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is determined by CMB monopole temperature



For our phantom model with 𝐻 = 𝐻(𝑧), we fix the angular diameter distance to the

last scattering surface: 

𝑯𝟎 is selected in accordance with the SH0ES data:

This automatically determines the transition redshift value  .

Initial conditions:

ν = 100.Rapidity parameter:
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For the given 𝑯𝟎, we obtain and         .



Scenario:

Any suppression of 𝐻(𝑧) (i.e. 𝐻(𝑧) < 𝐻(𝑧)Λ𝐶𝐷𝑀 ) for 𝑧 > 𝑧† due to the negative 

phantom energy density,  must be compensate by an enhancement (𝐻 𝑧 > 𝐻(𝑧)Λ𝐶𝐷𝑀 ) 

at lower redshifts, 𝑧 > 𝑧†, to maintain consistency with (***).

This implies an increesed 𝐻0 ≡ 𝐻 𝑧 = 0  and thereby also a decreased 𝛀𝒎𝒐 
compared to the Planck- ΛCDM model. 
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Mirror                    transition :           

Potential:
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For chosen values of       and
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if
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WEC is satisfied!
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General transition models

Asymptotic behavior:

,

,
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are the inflection points of the potential            

it characterizes the moment of transition
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AdS-dS

dS-dS
0-dS
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Perturbation analysis

Perturbed scalar field:

Equation of motion:

Fourier transformation Dimnsionless units
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Effective mass squared:

!
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Numerical calculations:
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1. There is no pathological growth of perturbations during
                    crossing.
 
2. Initially small perturbations remain small.

Phantom field perturbations are stable!
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Conclusions

• Based on the theory of a phantom field with a hyperbolic tangent potential, 

    we present a physical justification for the 𝚲sCDM model: Ph- 𝚲sCDM model.

• Ph- 𝚲sCDM model is free from typical phantom field pathologies: unbounded

     energy growth, Big Rip singularities, violation of the weak energy condition.

• The numerical integration of the equations of motion is performed ensuring 

     consistency with the Planck CMB power spectra (fixing the present-day physical

     matter density                 and the angular diameter distance to last scattering               )

     and the local SH0ES measurement of          , significantly reducing the

     problem of cosmological tensions. 
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• All physical parameters (                    )  responsible for the dynamics of the 

universe are continuous and smooth with characteristic points ​​corresponding to 

the moment of transition.

• Phantom models with non-symmetric AdS-dS and dS-dS transition are also viable.

• The quintessence models with dS-dS transition  are not able to solve the 

           tension problem.
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• Phantom field perturbations are stable.



What is next?

1. N-body simulations for a full set of equations for phantom and metric perturbations 

(Gevolution code). Power spectra for matter, metric and phantom perturbations, 

comparison with the standard 𝚲CDM model.

2. Constraints on model parameters based on observational data, likelihood analysis.
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THANK YOU!
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