
Current constraints on cosmological scenarios
with very low reheating temperatures
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Evolution of the universe



Evolution of the universe
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Neutrino decoupling and e± annihilation

Expansion of the universe

Weak
processes
effective:

 in eq
(thermal

spectrum)

Collisions less 
and less 
important:
 decouple 
(spectrum 
keeps thermal 
form, CNB)

γγ→+ -ee
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BBN



Relativistic particles in the universe

Valid for standard neutrinos in the 
instantaneous decoupling approximation
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At T<me, the radiation content of the Universe is



Relativistic particles in the universe

effective number of relativistic neutrino species
(effective number of neutrinos)
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At T<me, the radiation content of the Universe is

Neff is a way to measure the ratio 

K Akita & M Yamaguchi, JCAP 08 (2020) 012
J Froustey, C Pitrou & MC Volpe, JCAP 12 (2020) 015

J J Bennett et al, JCAP 04 (2021) 073

standard 
value

https://doi.org/10.1088/1475-7516/2020/08/012
https://arxiv.org/abs/2008.01074
https://arxiv.org/abs/2012.02726


Relativistic particles in the universe
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At T<me, the radiation content of the Universe is

Neff ≠ 3

additional relativistic particles (scalars, 

pseudoscalars, decay products of heavy particles,…) 

non-standard neutrino physics (primordial neutrino 
asymmetries, totally or partially thermalised light 
sterile neutrinos, non-standard interactions with 
electrons,…)

(2018) Planck 

effective number of relativistic neutrino species
(effective number of neutrinos)

https://arxiv.org/abs/1807.06209


Very low reheating scenarios
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Cosmological scenarios with low reheating temperatures (TRH)

REHEATING (standard picture): phase ending inflation

during inflation, a non-relativistic scalar (inflaton) dominates the energy density

during reheating, the NR scalar  decays into standard particles
photons, e±, etc are populated directly

Radiation Domination (RD) begins after reheating 

neutrinos are populated via weak interactions with charged leptons

  If (last period of) reheating occurs too late:   



Expansion of the universe

Weak
processes
effective

Collisions less and 
less important:
 decouple 

γγ→+ -ee
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BBN

LOW-REHEATING SCENARIO
If latest reheating phase of the 

Universe ends in this region 

(TRH<10 MeV), interactions not 
enough to bring the standard  

neutrinos into equilibrium

Neff < 3 ?



3 in very low-reheating scenarios

neutrinos 
in full 

equilibrum

Large depletion 
of neutrino 

spectra

lower bound (95%CL)
on the reheating

temperature

(PlanckTT+ lowP)
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M Lattanzi et al, PRD 92 (2015) 123534
+ previous works since 1998

http://dx.doi.org/10.1103/PhysRevD.92.123534


Our work: a more precise calculation of neutrino 
evolution + BBN production

vacuum osc. term matter potential term

Boltzmann evolution equations (matrix form)

collision 
integrals (α GF

2)

Code: FORTran-Evolved PrimordIAl 
Neutrino Oscillations (FortEPiaNO)
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+

+ evolution of scalars

Analysis of CMB+BAO data

Effect on BBN (PArthENoPE code)
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Final value of Neff (TRH)

2015 result

current 95% CL range future 95% CL sensitivity

N Barbieri et al, arXiv:2501.01369

https://arxiv.org/abs/2501.01369
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Effect on Primordial Nucleosynthesis: PArthENoPE code 

N Barbieri et al, arXiv:2501.01369

current 68/95% CL regions from measurements of primordial D and 4He (PDG)

: effect of Neff only
: effect of f(e) on weak rates only
: TOTAL effect: D/H decreases and Yp increases for smaller TRH

https://arxiv.org/abs/2501.01369
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BBN likelihood function (TRH)

N Barbieri et al, arXiv:2501.01369

BBN only

https://arxiv.org/abs/2501.01369
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Planck+lensing+DESI likelihood function (TRH)

N Barbieri et al, arXiv:2501.01369

https://arxiv.org/abs/2501.01369


Conclusions
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✓ We solved the momentum-dependent kinetic equations for neutrinos in 
the early universe, including flavour oscillations, in a very low reheating 
scenario: neutrino spectra are depleted (Neff < 3)

✓ A consistent BBN+Planck+lensing+DESI analysis leads to the most stringent 
bound to date on the reheating temperature: 
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