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soup of e±, protons, neutrons, photons, neutrinos, in equilibrium

∼ 10 min ∼ 30 keV: no more available n and a gap at mass 8

∼ 1 s ≈ 0.8 MeV
≈ ∆m(n → p + e−+ ν̄e)


n + p↔ d + γ,

d(p,γ)3He,
3H(α, γ)7Li,

... + 100



relative abundance of He and D as a function of the
baryon density (Planck 2018)

⇓

ωb
∣∣

BBN
= ωb

∣∣
CMB

as Cosmological Standard Model dictates

relative abundance of deuterium to hydrogen as a
function of time (Steigman 2007)

the abundance depends on the number of baryons:
• ↑ ωb ⇒ D production sets in earlier;
• ↑ ωb ⇒ lower D/H at the end;



Agreement of numerical computa-
tions and observations is impres-
sive!

Not quite so for Li...

(Fields 2012)



(Steigman 2007); [Li]=12+ log(Li/H)

D: only destroyed (small binding
energy);

4He: produced in stars by burning
hydrogen; keep track of metallici-
ty/look at extragalactic regions;

7Li: more involved. . .
• burned in inner layers of

stars;
• may survive in outer layers

of coolest stars;
• produced in hotter interiors

(super red giants), collisions
of cosmic ray nuclei
(unfortunately including α-α
fusion);



Solutions:
1 modify the astrophysics;

2 check the involved nuclear
reactions;

3 invoke Beyond Standard
Model physics;
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Why should the fundamental constants that we use in our daily physics be the same as those 109 years ago?

Coc, Nunes, Olive, Uzan, Vangion
2007 (also Coc, Descouvemont,
Olive, Uzan, Vangioni 2012,. . . )

GUT: ∆v = S∆h, ∆ΛQCD ∼ R∆α

Berengut, Flambaum, Dmitriev
2009 (also Dmitriev, Flambaum,
Webb 2004 . . . )



SF, and M. Mosquera (2107.xxxxx):

independent variation of GN and α (and 〈v〉) at BBN (AlterBBN, Arbey 2018)
+ statistical analysis to obtain the best fit of the yields

∆α/α[10−2] ∆〈v〉/〈v〉[10−2] GBBN/GN χ2
min

Fit 1 −2.83± 0.24 −− 1.167+0.015
−0.016 1.95

Fit 2 −3.35± 0.45 −1.50± 0.20 1.170± 0.020 0.70

D/H [10−5] YP
7Li/H [10−10]

Fit 1 2.605± 0.040 0.2472± 0.0016 2.09± 0.12

Fit 2 2.545± 0.058 0.2561± 0.0050 2.03± 0.22

Observational weighted mean value 2.541± 0.022 0.2542± 0.0014 2.01± 0.14

Standard computation 2.547± 0.050 0.2466± 0.0001 4.60± 0.32

(Observational data from the last decade)



Motivations for a varying α

Webb, King, Murphy, Flambaum, Carswell and Bainbridge
2011 (QUASAR absorption spectra from Very Large Tele-
scope and Keck telescope)

SQED program, Jegerlehner 2018;

KLOE-2
Collaboration 2017,
e+e−→ µ+µ−γ

running coupling
constant in QFT



A varying GN? Motivations from GUTs, but more simply from QFT in curved spaces.

Quantum contributions to the gravitational action! For free
fields,

Γscalar[g ] =
1
2

Trs log
(

∆ + ξR + m2
s

)
, (1)

render the gravity action non-local,

Γ[g ] = Γloc[g ] +
m2

2(4π)2

∫
d4x√g B(

∆
m2 )R

+
1

2(4π)2

∫
d4x√g

{
Cµναβ C1(

∆
m2 ) Cµναβ + R C2(

∆
m2 ) R

}
,

infinities lead to renormalization/running GN (SF, Paula-Netto,
Shapiro, Zanusso, 2019).

However effects suppressed by MP . Two bypass:

• a phenomenological approach, e.g.
Running Vacuum Models (Solà
Peracaula+ 2021); running of
cosmological constant and GN so that

ρvac(H) =
3

8πGN

(
c0 + νH2 + ν̃Ḣ

)
; (2)

• reinterpret the variation of GN at BBN as
extra relativistic degrees of freedom ∆Neff:

∆G
GN
≈

7
43

∆Neff . (3)
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∆Neff implies a change in H...

Can we translate our ∆GN to a ∆H0?

Consider
• two different universes, one with Neff = 3 and

another with Neff arbitrary;
• both of them should have the same rsH0, to avoid

disagreements with observations;

⇓

H0(Neff) ≈ H0(3)
√

0.595 + 0.135Neff .

as given by Planck 2018

our result ∆Neff ∼ 1

Di Valentino+ 2021



Variation of constants at BBN: SF, M. Mosquera arxiv 2107:xxxxx

Riess et al.: Cepheids+SNI



Other approaches

RVM@CMB, Solà+ 2021,
∆GN/GN ∼ 10%

Neff ∼ 3.00± 0.55 (95%, TT+lowE), Planck 2018

GUT@BBN, Martins 2021
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• Revisit the lithium problem with the latest observations.

• Joint variation of α, GN (and 〈v〉) could provide a solution.

• Well-motivated?

→ ∆α: sign of ∆α seems OK.
If running: should be one order of magnitude smaller.
Consider runnings in each single reaction?

→ ∆GN : interpretation in terms of ∆Neff ∼ 1.
related to H0! Lithium as Hubblemeter?
sterile neutrino?
interactions to avoid σ8 constraints?



Γfermion[g ] = −Trf log
(
/D + mf

)
, (4)

Γproca[g ] =
1
2

Trv log
(
δνµ∇+∇µ∇ν + Rµν + δνµm2

v

)
, (5)

B(z)
z

= −
4Y
15a4

+
Y
9a2
−

1
45a2

+
4

675
+
(
ξ −

1
6

)(
−
4Y
3a2
−

1
a2

+
5
36

)
, (6)

and the relevant R divergent term is

Γloc[g ] ∼
1

2(4π)2

∫
d4x√g

{
−2m2

(
ξ −

1
6

)1
ε̄

R
}

(7)

In order to renormalize we have to introduce a counterterm or Pauli-Villar’s fields. Let’s just consider that some
counterterm δct is introduced at the level of the action for the graviton. In that case

Sren[g ] =
m2

2(4π)2

∫
d4x√g

(
−2
(
ξ −

1
6

)1
ε̄

+ B(z) + δct

)
R

=
∫

d4x√g b1(z)R
(8)

If we fix b1(µ2
0) = b(0)

1 = (16πG0)−1 =
M2

p
2 , with G0 = 6, 7 10−33~c5MeV−2 the DPG measured value of Newton’s

constant measured at an energy scale µ0, or the Planck mass Mp ∼ 2.4 1015MeV, then

δct = 2
(
ξ −

1
6

)1
ε̄
− B(µ2

0) +
2(4π)2

16πm2G0
(9)



This fixes b1 to be

b1(z) =
[ m2

2(4π)2
(

B(z)− B(µ2
0)
)

+
1

16πG0

]
(10)

and the associated beta function would be

βb1

notquiteright= −
m2

2(4π)2
µ0∂

∂µ0

B(µ2
0) (11)

There is one subtle point: the form factor associated to a3 and b1 is the same. In order to disentangle this, the first
proposal is

βa3 = −
1

(4π)2
z ∂z

[B(z)− B(0)
z

]
, βb1 =

m2

(4π)2
z ∂z
[
B(z)− B∞(z)

]
. (12)



Kreisch+ 2019

Self-interaction counterbalances
the excess of damping caused by
an additional neutrino



Mutual information: the system
develops new minima but for larger
|p|

Iliadis, Coc
2020



Light dark matter: decay process
χ′ → χ+ γ

Alcaniz, Bernal, Masiero, Queiroz 2020



Webb, Flambaum+ 2011



With depletion

Korn+ 2006



Schöneberg+ 2019

The tension between
CMB and late measure-
ments can be rephrased
as a tension between
BBN and late measure-
ments



Kawasaki+ 2021

Decaying X → γγ



Main reactions

Fields 2012



Hart and Chluba 2020

Best CMB fit of varying α



Degeneracy parameters ξ = µ/T
can hide the ∆Neff

Steigman+ 2003



Sensitivities of the yields on several
variations

Cyburt, Fields, Olive and Yeh 2015
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