
Lorentzian Quintessential Inflation

1905.03731 Eur.Phys.J. C80 (2020) no.5, 480

2004.00339 awarded 2nd prize in Gravity Research Foundations
International Journal of Modern Physics D 2042002

2006.04129 Eur.Phys.J. C80 (2020) no.6, 577

http://arxiv.org/abs/arXiv:2006.04129


Problems with the early universe theory

• The Flatness Problem: k = 0.

• The Horizon Problem



Signs for Dark Energy

• “Pantheon” - Type Ia Super Nova

Riess 2018,2019

• Quasars

• Cosmic Chronometers

• Baryon Acoustic Oscillations

• Perturbations  (CMB, DES, 
DESI,LSST)

G. Risaliti  and E. Lusso Nature Ast. 2019



Inflaton field
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• We can address the “dark energy” equation of state, by the slow roll 
approximation:
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• The Slow Roll parameters and the number of e-folds read:
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Quantum Fluctuations
• Perturbed inflaton field: 𝜙 𝜂, 𝑥 = 𝜙 𝜂 +

𝑓(𝜂,𝑥)

𝑎(𝜂)

• Mukhanov-Sasaki equation for the FT of the modes at early times:
ሷ𝑓𝑘 + 𝑘2𝑓𝑘 = 0, 𝑘 𝜂 ≫ 1
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Starobinsky inflation

• Quantum corrections to GR are important for the early universe.
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In the Einstein Frame:

Starobinsky, A. A. (December 1979). Journal of 

Experimental and Theoretical Physics Letters



Predictions of Inflation

Y. Akrami et al. [Planck Collaboration], arXiv:1807.06211

For Starobinsky Inflation



Quintessential Inflation
• Quintessential inflation P.J.E. Peebles, A. Vilenkin Phys.Rev. D 59(1999 )063505

• Guendelman et al. 2015

http://inspirehep.net/author/Peebles%2C%20P.J.E.?recid=479681&ln=en
http://inspirehep.net/author/Vilenkin%2C%20A.?recid=479681&ln=en


Slow-roll condition

• For a general homogenous solution:
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Physics Letters B 517 (2001) 243–249



• The potential reads:

ሶ𝑎2 + 𝑈 𝑎 = 0

• For ΛCDM:

Dashed yellow - Λ,

Dashed green – Cold DM, blue - ΛCDM

The Scale Factor Potential Approach to Inflation
D. Benisty ,E. I. Guendelman, E, N. Saridakis
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𝑉(𝜙) is not 𝑈(𝑎)

• The relations between those potentials read:

• The 𝑈(𝑎) continues to the right hand side, where the 𝑉(𝜙) can go 
forward and back.



Scale factor approach to inflation

The end of inflation corresponds to a minimal point. 𝑈′ 𝑎𝑓 = 0



Lorentzian Slow Roll

• We avoid the singularity with a small modification: 𝜖 𝑁 =
2𝜉

𝜋

Γ

4𝑁2+Γ2
. 

• 0 < 𝜖 < 3 yields Γ < 2𝜉/3𝜋
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The vacuum energy

• The vacuum energy term has an 

integration constant. 

• With cosmological see-saw mechanism:



The observables

• A uniform prior

N ∈ [50; 70], ξ ∈ [100; 200], Γ ∈ [0; 1]

yields:



The potential



CSSM: Simpler potentials 

• A take: 

• The See Saw Mechanism is applied.

L. Aresté Saló, D. Benisty, 
E. I. Guendelman, J. d. Haro

2102.09514accepted in JCAP



Reheating

• No oscillations in the potential.

• We introduce a new field with 𝜙
dependent mass:

𝑚𝜎
2 = 𝜇2 exp[−2 𝛼 𝜙]

ሶ𝜙0 is the velocity of the field

Where ሶ𝑚𝜎 ∼ 𝑚𝜎
2

• After the analysis, the total 
density reads:

• The particle creation does not 
produce exactly a thermal 
spectrum yet.

Eur.Phys.J. C80 (2020) no.6, 577

David Benisty, Eduardo I. Guendelman
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Data Fit

• CMB distant priors (chen 2019)

• Hubble Diagram of: Type IA 
supernova, Quasars, Gamma ray 
Bursts

• Cosmic Chronometers

• Baryon Acoustic Oscillations 
collation (Benisty & Staicova A&A 647, A38 

(2021))



Data Fit        
2102.09514

L. Aresté Saló, D. Benisty, 
E. I. Guendelman, J. d. Haro



Standard problems in Cosmology

• The cosmological constant problem

• The origin of inflation

• Hubble tension (?)

• Do Inflation and Dark Energy connect? L. Verde, T. Treu, A. 
Riess, 1907.10625 



Summary
• An approximate Resonance function for the Slow roll parameter 

predicts a good quintessential inflationary potential: especially for a 
Lorentzian.

• The slow roll parameters small and fit with the Planck 2018 data. 

• Cosmological See-Saw Mechanism.

• Reheating mechanism comes from additional scalar field.


