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The lepton asymmetry can be expressed in terms of the

dimensionless chemical potential of neutrinos, &, = 1, /T, also
known as degeneracy parameter.
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A non-zero neutrino chemical potential impacts the early Universe
physics, by changing the value of V_

30 (&) 15 (&)
_ pJtot __arstd o S - -
ANeff(fy) — Neff(é:l/) Neff - Z 7 ( 7 > " / ( d >

a=e,u,T

[C. Pitrou et al., 1801.08023]

0 -

]
NOTE: we always assume a constant N;EP = 3.044, but N;?ft(éy) will vary.
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Current Constraints
PArthENoPE Rates
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PCHIP FORMALISM

[Fritsch et al., 1980; S. Gariazzo et al., 1412.7405]
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[Adapted from P. Ghedini et al., 2512.16781]
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COSMOLOGICAL SCENARIOS

We consider two different neutrino scenarios:

3k Case 3v: three degenerate neutrinos with Z m,=0.06 eV

3k Case (1+2)v: one light neutrino, m, ~ O(107) eV, and
two degenerate neutrinos, Z Myegenerate — 0-06 €V
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COSMOLOGICAL SCENARIOS

We consider two different neutrino scenarios:

3k Case 3v: three degenerate neutrinos with Z m,=0.06 eV

3k Case (1+2)v: one light neutrino, m, ~ O(107) eV, and
two degenerate neutrinos, Z Myegenerate — 0-06 €V

For each case, we assume:

* gp, constant- W€ consider it as a free constant parameter

* 'g'y, pPCHIP: We assume it to be time-varying and we
reconstruct it with the PCHIP method
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BASELINE
(SPA + DESI)

2k CMB: we consider temperature,

polarisation and lensing
measurements from Planck18,

ACT DR6 and SPT-3G D1

[N. Aghanim et al., 1807.06205; L. Pagano et al., 1908.09856;

T. Louis et al., 2503.14452; E. Camphuis et al., 2506.20707;
F.J.Quetal., 2304.05202; F. Ge et al., 2411.06000]

2% BAO: we consider BAO
measurements from DESI DR2

[M. Abdul Karim et al., 2503.14738]

Pietro Ghedini

PASCOS 2026



BASELINE
(SPA + DESI)

2k CMB: we consider temperature,

polarisation and lensing
measurements from Planck18,

ACT DR6 and SPT-3G D1

[N. Aghanim et al., 1807.06205; L. Pagano et al., 1908.09856;

T. Louis et al., 2503.14452; E. Camphuis et al., 2506.20707;
F.J.Quetal., 2304.05202; F. Ge et al., 2411.06000]

2% BAO: we consider BAO
measurements from DESI DR2

[M. Abdul Karim et al., 2503.14738]

DATA

BBN POST PROCESSING '

[A. Matsumoto et al., 2203.09617; E.Aver et al., 2601.22238; PDG]

3k EMPRESS: a ~ 30 lower value for Yy, is reported
Yie = 0.2370%) 0033 with respect to the standard value,
Yi2PN = 0.24709 £ 0.00017

or

3 LBT: the newest and most precise measurement of Y. to
date, Y. = 0.2458 £ 0.0013

+

2% PDG: we use the Deuterium value reported
by the PDG, D/H = (25.08 + 0.29) x 107°

’}’We also include the theoretical errors of
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INFERENCE

2% Modified version of CLASS as Boltzmann solver (o s eeal, 1104203

2% Cobaya forthe MCMC analysis 1. Torrado et al, 2005.05290

3¢ getdist for plotting and statistical analysis (A tewis 1910.13970

2% PArthENoPE 3.0 for BBN predictions and tables (s cariazzo etal, 2103.050271

2 MCEvidence for computing the (log) Bayes factor a teavens ctal, 170403472

TAvailable upon reasonable request.
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TAKE HOME MESSAGES

2% Current data are not able to place tight constraints
ong¢, astheycandoong,

3k A higher value of H,, is allowed since we get an increase in N

2% We confirmed that BBN epoch is the time
providing tightest constraints on &,
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PCHIP FORMALISM

h. = xj+1 — X f =X — X [Fritsch et al., 1980; S. Gariazzo et al., 1412.7405]
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5(1—|—2) v, constant

€(1+2)v, PCHIP
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