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Abstract. A brief overview on standard big bang nucleosynthesis (shortly, SBBN) is pre-
sented. First, we describe the outcome of the SBBN concerning the abundances of the
light elements up to 7Li. A comparison with observations reveals a Lithium overpro-
duction, which is not understood yet and is termed as “Cosmological Lithium Problem”.
Resolving that problem is not easy, since many aspects are involved which nuclear, as-
trophysical and even a non-standard scenario may be invoked. These items are described
in some details owing to the limited available space.

1 Introduction

The standard big bang nucleosynthesis (SBBN) is well understood in the context of the standard model
of particle physics. It predicts that the universe is composed of about 75% of Hydrogen and 25% of
4He and small amounts of D, 3He, 7Li and 6Li [4]. The most important nuclear reactions intervening
in SBBN are given in Fig.1, while a comparison between SBBN calculations and observations is given
in Table 1. It is clear that all abundances agree with observations except for Lithium which is higher by
a factor of 3 than observations. This discrepancy constitute now one of the most intriguing problems
in cosmology. In addition, Lithium was shown to have a constant behavior as function of metallicity,
so called "Spite Plateau"[17]. Such a behavior is now in conflict with recent observations at very low
metallicity which makes the Lithium problem more complicated. Solving the Lithium problem by
taking into considerations accurate measurements of nuclear cross sections seems not possible [4]. In
addition, the possibility of an astrophysical solution is also unlikely [13] because it will be constrained
by the plateau at high metallicity.

2 Non-Standard Big Bang Nucleosynthesis

Including new particles/physics and changing fundamental constants were extensively studied to see
the effect of these scenarios on SBBN or to constrain them by SBBN predictions. In addition, some
non-standard scenarios were included for the aim to decrease the Lithium abundance. We mention a
promising attempt by [7] where modifying the velocity distributions of nuclei during BBN have led
to a decrease in Lithium to match observations.
In the following we give an example of non-standard scenario by adding extra dimension like dark
component [1] and introducing a variable number of neutrinos and their chemical potential (β). In-
creasing the number of neutrinos and/or adding β will increase the standard radiation density ρrad

�e-mail: trm03@mail.aub.edu

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

EPJ Web of Conferences 184, 02009 (2018) https://doi.org/10.1051/epjconf/201818402009
9th European Summer School on Experimental Nuclear Astrophysics



Figure 1. The most important nuclear reactions for big bang nucleosynthesis.

Table 1. Comparison between SBBN predictions and observations.

Predictions Observations
Yp 0.2457 0.2449 ± 0.0040 [2]

D/H × 105 2.6719 2.8+0.8
−0.6 [10]

3He/H × 105 1.0193 1.1 ± 0.2 [3]
7Li/H × 1010 4.3003 1.58+0.35

−0.28 [14]

shown in Eq.1. A second effect of β is altering the neutron to proton ratio at the freeze out temper-
ature and this effect is limited to the electron neutrino owing to the involved weak interaction rates.
The dark component will modify the expansion rate by additional effective dark fluid ρD (Eq.1).The
expansion rate is related to the Hubble constant (H) via a modified Friedmann equation [1]:
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with ρD given by:

ρD (T ) = kρρrad (T0)
(

T
T0

)nρ
(2)

where T0 is chosen to be 1 Mev=1.16×1010K , kρ is the ratio of effective dark fluid density over the
total radiation density at T0 and nρ characterizes the adiabatic expansion of the fluid. Modifying the
energy density of the universe which is radiation dominated will alter the standard-time temperature
relation, t(s) = 1.39 × k−0.5

(T (Mev))2 [9], and consequently light element abundances. Note that k is the
effective number of relativistic degrees of freedom due to photon, neutrino, electron and positron de-
grees of freedom. In Table 2 (second and third columns) we present the effect of dark component
along with neutrino chemical potentials β (assumed to be equal for all species) where the calculated
abundances agrees with observations. This is to confirm that SBBN is a rich ground for many non-
standard physics.
On the other hand, it could happen that non-equality between chemical potential still exist. For ex-
ample, hypothetical neutrino-majoron coupling can reopen the window of allowing large muon/tau
neutrino asymmetry together with a small electronic asymmetry ([5]). In addition, one can assume
one neutrino species mixes with a sterile neutrino resulting in chaotic amplification of electron neu-
trino chemical potential ([15]) or assuming just a non-vanishing electron neutrino chemical potential
([16]) in a Linearly Coasting Cosmology. In a universe preferring large lepton asymmetry([6], [8]),
it is important to allow neutrino chemical potential to be different in the aim to understand the SBBN
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Table 2. Effect of including non-standard neutrino properties and dark component.

nρ = 6.3, kρ = 0.1 nρ = 0, kρ = 0
Nν = 3, β = 0.2 Nν = 4, β = 0.25 βνe = 0.23 , βνµ,τ = 2

Yp 0.2515 0.2471 0.2319
D/H × 105 2.7029 2.9517 3.6530
3He/H × 105 1.0243 1.0569 1.1430
7Li/H × 1010 4.3602 3.8121 2.6550

and to investigate their effect on Lithium abundance. In this way we obtain constraints on these chem-
ical potentials shown in Eq. 3 which lead to significant reduction of Lithium as shown in the fourth
column of Table 2.

0.18 ≤ βνe ≤ 0.3, 2 ≤ βνµ,τ ≤ 2.3 (3)

As in most successful attempts to resolve the Lithium problem beyond the SBBN, in the present work
the decrease in Lithium abundance is achieved at the expenses of increasing Deuterium. A remaining
open scheme that is worth to investigate is the possibility of reducing Lithium abundance without
much increase in Deuterium by including for example new particles/interactions. More detailed anal-
ysis of these non-standard physics will be presented in an upcoming paper by [18].
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