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O Why primordial synthesis ?

1. Stellar nuc thesis : there are no neutrons...
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2. Primordial nucleosynthesis : there was plenty of neutrons !

p _I_ " NS D _I_ ‘:& 2.2 MeV
O + O = o0 - e

When does it happen ? How many neutrons were available ?




1 Neutron/proton conversions
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 If enough interactions, then statistical equilibrium
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Neutron Abundance

Evolution of neutrons

— 12% of neutrons
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Nuclear network
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1 Evolution of abundances

dni

T + 3Hn; = J; — Source from nuclear reactions
dnb .

' +3Hn, =0, Baryons are only diluted

Y, = ni/nb » Removes dilution

. Two-body reactions of the type %+ J <+ k + 1

\72‘ 2 NEMYkl—i5 — NG Yij—kl Yii—kl = <0v>z‘j—>kl .

Average of cross-section over

Maxwell-Boltzmann distribution
 General form
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Public BBN codes:

6 AlterBBN
== % PArthENoPE




D/H

6]

"LiH (x 109)

—
— r

RN
o

N

58 6. 6.2 64
1010,7 /

2 3 4 5678910
10‘10,7
Baryons abundance

Aver et al. 2020

‘Deuterium

D/H = (2.527 £+ 0.030) x 107°
Cooke et al. 2016
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Beyond the instantaneous decoupling approximation

o Overlap between decoupling and e* annihilations

= smaller T’ and increased T,
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J Interaction Hamiltonian
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CKM angle Axial current coupling

Weak-Magnetism



O BORN approximation

Simple integral on electron momentum :

rn—)p — rn—>p+e+rn+e—>p

_ K / " pPdpix-(E) + x4 (~E)

_ AGEV4(1+ 3g3)
(2m)°

K

CKM angle Axial coupling

Via = 0.97420(20) ga = 1.2723(23)



Neutron lifetime as a proxy

K =1/(tpAom2) Ao =~ 1.75474
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d BORN approximation rates vs Hubble rate
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1 Radiative corrections
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[ Total corrections
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D/H (x 10°)
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A new tension in the cosmological model from primordial
deuterium?
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Primordial Deuterium after LUNA: concordances and
error budget

Ofelia Pisanti, Gianpiero Mangano, Gennaro Miele, and Pierpaolo
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after the LUNA results, the value
of Deuterium is quite precisely fixed, and points to a value of the baryon density in excellent
agreement with the Planck result,






Main reactions for deuterium

wo-&
0~ ec+® —>¢.}.+¢.
&




Final deutertum sensitivity

A(D/H) —_032 x A<Ov>d(p,y)3He _0.54x A<Gv>d(d,n)3He _0.46x A<GV>

D/H <GV>d(p,,,)3He <Gv>d(d,n)3He <Ov>d(d,p)3H

d(d,py’H

D(p,y)®He, D(d,n)*He and D(d,p)3H reaction rates need to be
known at a few % level to match the 1.6% precision on
observations!
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The Impact of New d(p,7)*He Rates on Big Bang Nucleosynthesis
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Finally, we note that the observed deuterium abundance continues to be more precise than the

BBN+CMB prediction, whose error budget is now dominated by d(d,n)*He and d(d, p)*H.
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Ratio (Coc+ 2015)
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’H(d,n)’He / *H(d p)’H
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D/H (x 10°)

Conclusion

Weak interactions (hence neutrons, hence helium) under control

Need to measure d+d rates in the BBN range of energies

Independent measurment of D abundance needed
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Combined constraints
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 Dependance on number of neutrino species
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