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@ Introduction to BBN



soup of et, protons, neutrons, photons, neutrinos, in equilibrium

~ 1s= 0.8 MeV
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ted by DOE and NSF

~ 10 min ~ 30 keV: no more available n and a gap at mass 8
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relative abundance of deuterium to hydrogen as a

function of time (Steigman 2007)

the abundance depends on the number of baryons:
® 1 wp = D production sets in earlier;

® 1 wp = lower D/H at the end;
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Agreement of numerical computa-

tions and
sive!

Not quite so for Li...

is impres-
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D: only destroyed (small binding
energy);

“He: produced in stars by burning

251 B hydrogen; keep track of metallici-
_ ty/look at extragalactic regions;

l% rer Ny ‘.é.lf | i: more involve
é'i”i' 4 1t 7Li: Ived. ..

) ® burned in inner layers of
95_ é - stars;
20F - . .
@ ® may survive in outer layers

of coolest stars;

[Li]

Tiol
ey

ot
7Y

1 ® produced in hotter interiors
1 (super red giants), collisions
of cosmic ray nuclei
(unfortunately including c-cv
Y -3.0 25 -20 -15 -1.0 fusion);

[FelH]

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




Solutions:

@ modify the astrophysics;

@® check the involved nuclear
reactions;

© invoke Beyond Standard
Model physics;

A Probable stellar solution
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® Variation of constants



Why should the

Mass fraction
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that we use in our daily physics be the

—

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

GUT: Av = SAh, ANgcp ~ RAa

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

0.260

0assk

0250

0345

d/H x107°

TLifH x 1071

0.00

mgfmy

003



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

independent variation of Gy and « (and (v)) at BBN (AlterBBN, Arbey 2018)
+ statistical analysis to obtain the best fit of the yields

Aa/a1072]  A(v)/(v)[10-7] Gepx /Gy X
Fit 1 —2.83+£0.24 —— 1.16774 %% 1.95
Fit 2 —3.35+0.45 —1.50 £0.20 1.170 £ 0.020 0.70
D/H[1079] Yp TLi/H[10719]
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 a
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A varying Gy? Motivations from GUTs, but more simply from QFT in curved spaces.

Quantum contributions to the gravitational action! For free
fields,

1
b(,aldr[g] *T‘I‘ |og (A-‘FER-"-ITI ) (1)
render the gravity action non-local,

Mgl = Noclel + 57— 2(4 7 /d“ fB(—)R

1 4 vaB A A
+W/d X\/E{CH e Cl(?)cuuaﬁ‘l'RC}(?)R}v

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

However effects suppressed by Mp. Two bypass:

® a phenomenological approach, e.g.
Running Vacuum Models (Sola
Peracaula+ 2021); running of
cosmological constant and Gy so that

pvac(H) = % (Co +uH? + ﬁf—l) ; (2)

® reinterpret the variation of Gy at BBN as
A Negr:

AG 7
T ~ EANefF (3)
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® The Hy problem
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ANeg implies a change in H...

Can we translate our AGy to a AHy?

Consider

® two different universes, one with Nes = 3 and
another with Neg arbitrary;

® both of them should have the same rsHp, to avoid
disagreements with observations;

I

Ho(Neff) ~ H0(3) 0.595 + 0.135N,fr .

as given by Planck 2018

our result ANy~ 1

Di Valentino+ 2021
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® Revisit the lithium problem with the latest observations.
e Joint variation of o, Gy (and (v)) could provide a solution.

® Well-motivated?

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

— AGy: interpretation in terms of AN ~ 1.
related to Hp! Lithium as Hubblemeter?
sterile neutrino?

interactions to avoid og constraints?



rfermion[g] = —Tr¢ |0g (ID + mf) 5 (4)

1
procalg] = 5 Trv log (00V + VuV” + R +6m?) (5)
B(z) 4y Y 1 4 ( 1)(4\/ 1 5) 6
z 152 o2 52 65 ¢ 6 32 2 36) (6)

and the relevant R divergent term is

R P ) g

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

Seenle] = 2(':;)2 /d4x\/§ (72 (g - é) é +B(2) + 5“) R

(8)

/ d*x/g bi(2)R

2
If we fix by(p3) = b%o) = (167Gp) ! = % with Gy = 6,710 33Ac°MeV 2 the DPG measured value of Newton's

constant measured at an energy scale po, or the Planck mass M, ~ 2.4 10'MeV, then

B 1\ 1 2(4)?
a=2(¢-3 )7 B0+ g ©)



This fixes b; to be

m? 1
() = | 5 (B = BU) + o | (10)
and the associated beta function would be
L 2
Bbl notqugenght m ,uoa B(}L%) (11)

- 2(47)% By,

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

Ba; =

1 62{3(2)73(0)}7 ”

gt . 0. [B(2) — Bo(2)]- (12)

m2
= ——z
(4m)?
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Mutual information: the system
develops new minima but for larger
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Alcaniz, Bernal, Masiero, Queiroz 2020



Right Ascension (hours)
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FIG. 5. Supplementary figure. Same all-sky illustration as in Fig. 1 showing the combined Keck and VLT Aa /o measurements
Squares are VLT points. Circles are Keck points. Triangles are quasars observed at both Keck and VLT. Symbol size indicates
deviation of Aa/a from zero, i.e. Aafoao= Acos®. The blue dashed line shows the equatorial region. The grey shaded area
shows the Galactic plane with the Galactic centre indicated as a bulge. More and larger blue squares are seen closer to the
a-pole (red filled area) and more and larger red circles are seen closer to the a-antipole.

Webb, Flambaum+ 2011




I CMB+BBN
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Korn+ 2006
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Figure 2: 68% and 95% confidence levels on €1, and Hj with various data sets: BAO+BBN
for galaxy BAO (blue), Lyman-o BAQ (green), and combined (red). Additionally displayed
is the Riess et al 2019 measurement (orange), and the Planck 2018 measurement (purple).
Left: Minimal ACDM model. Right: The ACDM model extended with Nug .

Schéneberg+ 2019

The tension between
CMB and late measure-
ments can be rephrased
as a tension between
BBN and late measure-
ments
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Figure 1:  Simplified BBN nuclear network: 12 normally important reactions
shown in blue, and proposed/tested new reactions in red.

Fields 2012
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Degeneracy parameters £ = pu/T
can hide the ANeg
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Sensitivities of the yields on several
variations

Variant Y, | D/H |*He/H|"Li/H|°Li/H
n (6.1x10719)|0.039|-1.598|-0.585 | 2.113 |-1.512
N, (3.0) 0.163]0.395 | 0.140 |-0.284|0.603
Gy 0.354]0.948 | 0.335 [-0.727|1.400
n-decay 0.729(0.409 | 0.145 | 0.429 | 1.372
p(n,vy)d 0.005(-0.194| 0.088 | 1.339 |-0.189
3He(n,p)t 0.000| 0.023 [-0.170 |-0.267| 0.023
"Be(n,p)"Li  |0.000]0.000 | 0.000 |-0.705|0.000
d(p,y)*He  [0.000]-0.312| 0.375 | 0.589 |-0.311
d(d,y)"He  [0.000]0.000 | 0.000 | 0.000 | 0.000
"Li(p.a)*He [0.000{0.000 | 0.000 |-0.056|0.000
d(e,7)%Li  ]0.000]0.000 | 0.000 | 0.000 | 1.000
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