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Introduction

Cosmic Microwave Background [ Independent evaluation of

* the neutron lifetime
Big Bang Nucleosynthesis

+ Planck 2016 results

4+ direct astrophysical observations of light > | Y, =
elements

+ latest evaluation from particle physics
experiments
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BBN: theoretical predictions

Cyburt et al., Rev. Mod. Phys. 88 (2016) 015004
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BBN: theoretical predictions
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T/ 0.728 ,
Y, (s, ANegr, ) = ( ) - [0.2311 +0.9502 - wp — 11.27 - w2+

Pisanti et al., Comput. Phys. Commun. 178 (2008) 956
o +ANeg - (0.01356 + 0.008581 - wp, — 0.1810 - w?)+

+ANZ - (—0.0009795 — 0.001370 - wy + 0.01746 - w?)]

|

Standard BBN

4 Nog=3.046 (LCDM)
4+ 7, = (880.3 +1.1) [s]

K.A. Qlive et al. (Particle Data Group), Chin.
Phys. C, 38, 090001 (2014)
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Cosmic Microwave Background

Planck TT spectrum
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Planck 2015 results. A&A 594 (2016) A13 /

Damping tail :

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

Helium recombination : increase of Y,

it affects free electrons fraction. *
- Effects can be seen on the damping

tail: increase of the diffusion damping. higher suppression at high /¢
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CMB and BBN: Planck  [iykooaoaer
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Particle Data Group

bottle method
Tn = 879.6 + 0.8 [s]

T, :Pg;g((;,;; (;;2.1 5] ’ ~ 4o dis%repan(?y

beam method
T, = 888.0 £ 2.0 [s]

PDG 2018 http://pdg.lbl.gov

VALUE (s) DOCUMENT ID TECN COMMENT

880.2+ 1.0 OUR AVERAGE Error includes scale factor of 1.9. See the ideogram below.
880.2+ 1.2 1 ARZUMANOV 15 CNTR UCN double bottle ®
887.74+ 1.2+ 1.9 2 YUE 13 CNTR In-beam n, trapped p ®
882.5+ 1.4+ 1.5 3STEYERL 12 CNTR UCN material bottle ®
880.7+ 1.3+ 1.2 PICHLMAIER 10 CNTR UCN material bottle ®
878.5+ 0.7+ 0.3 SEREBROV 05 CNTR UCN gravitational trap @
889.2+ 3.0+ 3.8 BYRNE 96 CNTR Penning trap ®

882.6+ 2.7 4 MAMPE 93 CNTR UCN material bottle ®

bottle method beam method

T = 879.6 4 0.7[s] | o diserepancy = 98 0+ 2.0
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= - based on: Salvati et al.
NeUtron Ilfetlme JCAP 1603 (2016) no.03, 055

CMB: wy, Y, + BBN: Y, (wy, Negt, ™)
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Aver 2015 Y, = 0.2449 + 0.0040
Aver et al., JCAP 1507 (2015) no.07, 011
Peimbert 2016 Y, = 0.2446 £ 0.0029

Peimbert al., Rev. Mex. Astron. Astrofis. 52 (2016) 419
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= = based on: Salvati et al.
NeUtron Ilfetlme JCAP 1603 (2016) no.03, 055

beam methodf--------- ----------- ----------- ---------- m ----- ---------- ----------- -----------
bottle method}|---------- ----------- ----------- --------- a ---------- ---------- ----------- -----------
PDG data:collection | ' '
: : —0 9k : : :
Planck 4+ Peimbert 2016} -------- s e —— e s e
5 L e 5 5
Planck + Aver 2015}--------- e SRR ——— o R SRR
L : : . : : L
Planck + BAO + Lensingf--------- S : ey : —_—
- : : —® : PRIMAT Pitrou et al., arXiv:1801.08023 [astro-ph.CO]
Planck------== : : 11 ' ' : =---PA|[thENoPe Pisanti et al., Comput. Phys,
| | | I | | | Commun. 178 (2008) 956
800 820 840 860 880 900 920 940 960
T. [sec]
Datasets Y, PN Tn [8]
Planck (PArthENoPe) 0.246 = 0.013 |878 =65

Planck + Lensing + BAO (PArthENoPe) || 0.248 +0.012 |890 £ 58

Planck + Aver2015 (PArthENoPe) 0.2451 £ 0.0040|873 =19

Planck + Peimbert2016 (PArthENoPe) ||0.2447 £+ 0.0029 871 + 14
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= - based on: Salvati et al.
NeUtron Ilfetlme JCAP 1603 (2016) no.03, 055
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Conclusions

cosmaogeniant| | | Udates n the
' Planck 2018
cosmological data —» | astrophysical data | | —» aanac:ySis
07, =608 07, = 1958 COMING SOON!

future
cosmological and
—p | astrophysical data

future
cosmological data

Or, =278 Or, ~ 8
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Back up



Varying Ne

PIanck+Aver2015—----------------5--:--------i‘ ------ A O .
il : :

P|anck+|zot0v2014- ................ ...... '_.~_1 .................
: N : :
o 0 - :

Plaan+Aver2013_ """""""" ___- ..____ """"" ’ """""""""

Planck+1zotov2013F il A S 20 SO SO
E = = : :

Planck+BAO+lensing}- i o B fIRESER R sn e TSP PSR L
il T :

800 850 900 950 1000 1050
T, |[sec]
Dataset YPBBN Negr Tn 9]
Planck TT, TE,EE 0.263 £0.018 | 2.76 = 0.30 | 986 = 109

Planck TT,TE,EE + BAO + lensing 0.258 £0.014 | 2.83 +£0.25 | 953 +£ 84
Planck TT,TE,EE + Izotov et al. (2013) | 0.2542 £ 0.0029 | 2.84 +0.23 | 933 4+ 24
Planck TT,TE,EE + Aver et al. (2013) | 0.2505 £ 0.0085 | 2.90 +0.25 | 911 4+ 52
Planck TT,TE,EE + Izotov et al. (2014) | 0.2552 £ 0.0022 | 2.83 £+ 0.23 | 939 + 22
Planck TT,TE,EE + Aver et al. (2015) | 0.2458 +0.0040 | 2.95 +0.24 | 884 + 28
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4He: primordial abundance

4He abundance from Hel emission lines in Hll extragalactic regions

Astrophysical sources of uncertainties

Reddening

Underlaying stellar absorption in Hel lines
Collisional excitation of Hel lines

Fluorescence of Hel lines

Collisional excitation of Hb lines

Non standard emissivity

Temperature and ionisation structure of HIl regions

total abundance mass fraction
_ Ay(1 - 2Z)

y = (y* +y*7) - ICF(Het + He*™) > | Y =
| - 1+ 4y

5 He |
single ionised 4He
double ionised “He

linear regression to zero metallicity
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4He: primordial abundance

Aver 2015 Peimbert 2016
Aver et al., JCAP 1507 (2015) no.07, 011 Peimbert al., Rev. Mex. Astron. Astrofis. 52 (2016) 419
Y, = 0.2449 £ 0.0040 Y, = 0.2446 + 0.0029
* 15 Hll regions * 5 HIl regions
* optical lines + IR line * optical lines

* different evaluation of physical properties
* different extrapolation to zero metallicity
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