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Introduction

COSMOS 2018

Planck 2016 results

direct astrophysical observations of light 
elements

latest evaluation from particle physics 
experiments

Yp =
4nHe

nb

Cosmic Microwave Background  
+  

Big Bang Nucleosynthesis 

Independent evaluation of 
the neutron lifetime
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BBN: theoretical predictions

COSMOS 2018

Pisanti et al., Comput. Phys. Commun. 178 (2008) 956

Cyburt et al., Rev. Mod. Phys. 88 (2016) 015004
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BBN: theoretical predictions

COSMOS 2018

Pisanti et al., Comput. Phys. Commun. 178 (2008) 956

Cyburt et al., Rev. Mod. Phys. 88 (2016) 015004

(LCDM)

Standard BBN

Ne↵ = 3.046

⌧n = (880.3± 1.1) [s]
K.A. Olive et al. (Particle Data Group), Chin. 
Phys. C, 38, 090001 (2014)
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Cosmic Microwave Background

COSMOS 2018

Planck 2015 results. A&A 594 (2016) A13

Acoustic peaks:
froze-in of photon-baryonic 
fluid oscillations.

!b = ⌦bh2increase of 

higher amplitude of odd peaks

Planck TT spectrum

Damping tail : 
related to the thickness of 
LSS. Damping of anisotropies 
on scales smaller than this 
thickness. 

Helium recombination :
it affects free electrons fraction.
• Effects can be seen on the damping 

tail: increase of the diffusion damping.

increase of 

higher suppression at high 

Yp

`
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CMB and BBN: Planck

COSMOS 2018
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�(Y BBN
p ) = 0.0003

from uncertainty on 
neutron lifetime:

yDP = 105
nD

nb

�(yDP) = 0.06

D(p, �)3He
from uncertainty on

:

(95% c.l.)

(PArthENoPe code)
Pisanti et al., Comput. Phys. Commun. 178 (2008) 956

Planck Collaboration

A&A 594 (2016) A13



Laura Salvati 5

Particle Data Group

COSMOS 2018

⌧n = 879.6± 0.7 [s]
bottle method beam method

PDG 2018 http://pdg.lbl.gov

⌧n = 888.0± 2.0 [s]⇠ 4� discrepancy

⌧n = 879.6± 0.8 [s]
bottle method

beam method

⌧n = 880.3± 1.1 [s]

PDG 2014

⌧n = 888.0± 2.0 [s]

⇠ 4� discrepancy
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Neutron lifetime

COSMOS 2018

CMB:             + !b, Yp Yp(!b, Ne↵, ⌧n)BBN: 

based on: Salvati et al. 
JCAP 1603 (2016) no.03,  055

Aver 2015 Yp = 0.2449± 0.0040
Aver et al., JCAP 1507 (2015) no.07,  011

Peimbert 2016 Yp = 0.2446± 0.0029
Peimbert al., Rev. Mex. Astron. Astrofis. 52 (2016) 419
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Neutron lifetime

COSMOS 2018

PArthENoPe
PRIMAT

Pisanti et al., Comput. Phys. 
Commun. 178 (2008) 956

Pitrou et al., arXiv:1801.08023 [astro-ph.CO]

based on: Salvati et al. 
JCAP 1603 (2016) no.03,  055



(68% c.l.)

�(Yp) = 0.0002Required precision for 
astrophysical observations
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Neutron lifetime

COSMOS 2018

based on: Salvati et al. 
JCAP 1603 (2016) no.03,  055
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Conclusions

COSMOS 2018

current 
cosmological data

current 
cosmological and 
astrophysical data

�⌧n ' 60 s �⌧n ' 15 s

future 
cosmological data

future 
cosmological and 
astrophysical data

�⌧n ' 7 s �⌧n ⇠ s

Updates in the 
Planck 2018 

analysis.. 
COMING SOON!



Back up
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Varying Neff

COSMOS 2018



Laura Salvati II

4He: primordial abundance

COSMOS 2018

4He abundance from HeI emission lines in HII extragalactic regions
Astrophysical sources of uncertainties
• Reddening

• Underlaying stellar absorption in HeI lines

• Collisional excitation of HeI lines

• Fluorescence of HeI lines

• Collisional excitation of Hb lines

• Non standard emissivity

• Temperature and ionisation structure of HII regions

single ionised 4He
double ionised 4He

total abundance mass fraction

linear regression to zero metallicity
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4He: primordial abundance

COSMOS 2018

• 15 HII regions

• optical lines + IR line

• 5 HII regions

• optical lines

• different evaluation of physical properties 

• different extrapolation to zero metallicity

Yp = 0.2449± 0.0040

Aver 2015
Aver et al., JCAP 1507 (2015) no.07,  011

Yp = 0.2446± 0.0029

Peimbert 2016
Peimbert al., Rev. Mex. Astron. Astrofis. 52 (2016) 419


