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C s BBN in a nutshell 1a==

(or in a pressure cooker)
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[see also Sandro Moreira’s talk tomorrowl]
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Modified Hubble expansion 1ass
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[Kneller & Steigman astro-ph/0406320; Steigman 0712.1100; Steigman 1208.0032]
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Table 1. Summary of primordial abundance of elements inferred from observations [5] and the corresponding theoretical

predictions (Egs. (9)—(11) based on Ref. [42]), using 7719 = 6.104 4= 0.058 from CMB (with no BBN correction) [5], and the
recent measurement 7, = 877.75 + 0.50 s [39]. Constraints on a modified Hubble parameter as given by ¢ are obtained

by equating observations with predictions.

Yp D/H x 10° 7Li/H x 1010
Observations 0.245 4+ 0.003 (2.547 +0.025) (1.6 £0.3)
. B (2.6040.16) - E-11?
Predictions (0.2471 £ 0.0006) + 0.1600 (¢ — 1) (L017£0010) (e 1) (4.82 +£0.48) [(1.017 £ 0.010) et
¢ 0.987 + 0.019 1.00 £0.19 19403
[Lithium problem: see
[5] PDG Review - Sec. 24 ‘Big Bang Nucleosynthesis’ (2021 update) also Bruno Carrazedo’s
[39] F. M. Gonzalez et al. [UCNT] 2106.10375 talk tomorrow]

[42] Kneller & Steigman astro-ph/0406320; Steigman 0712.1100 & 1208.0032

’ Tiago B. Goncalves (IA-U.Lisboa) | tgoncalves@alunos.fc.ul.pt BBN in f(R,T) Gravity |4




C]stasr Modified Hubble expansion lase
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sBBN
. 1/1.6
Y, — (0.2374 £ 0.0006) (2.60 + 0.16) x 10
106 (€ — 1) = —6

0.0016 (D/H)
[Kneller & Steigman astro-ph/0406320; Steigman 0712.1100; Steigman 1208.0032]
[Particle Data Group Review - Sec. 24 ‘Big Bang Nucleosynthesis’ (2021 update)]
[Bhattacharjee et al. 2004.04684]

E=099 £0.05

AN, =43 (£* 1) /7= 015175 G'/Gy = &% =0.9840.10
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T e Modified Gravity

" accelerated
L expansion |
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T e Modified Gravity

Ljocl%
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scalar
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i Modified Gravity

Lok + LyocfR)
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€] st f(R,T) gravity iass
LR+ LyocflR) > Loc fIR,T)

curvatire }\ frace
scalar stress—eneirjn/

[Harko+ 1104.2669]

S =5 | HRI)V=gds+ [ Loy =gd's
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Clte Scalar-tensor f(R,T) gravity 1ags
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[Rosa 2103.11698]

* Define two scalar fields & potential
=Y p=Y Vig, p)= IR, T) + R+ YT

S= 1 [[pR+ T — Ve, )] v=gd'z + f Lo/ =g

T2k
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C] s Modified Einstein equations

GMV — SWGNTMV

insti

Tiago B. Goncalves (IA-U.Lisboa) | tgoncalves@alunos.fc.ul.pt

BBN in f(R,T) Gravity | 11




e ciéncias do espago

1
SOG/M/ — 87TGNTw/ ¢(Tuv — =g + @;u/) + (Q,LWD — V,uvu)@ + §Q,LWV
of of o7’
== =i — gPo P9 — \V°
¥ = OR w— oT @/Lu—g 59,“1/ U=V va

Tiago B. Goncalves (IA-U.Lisboa) | tgoncalves@alunos.fc.ul.pt BBN in f(R,T) Gravity |12




C] e Modified Friedmann equation 1azs

* FLRW metric
e Perfect fluid
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C] e Modified Friedmann equation 1azs

* FLRW metric
e Perfect fluid

[Goncalves et al. 2112.02541]

H? =

1 | 87G . 1 1 k
E WBNp—HgOnLE(p——P)nL V]——
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C] e Modified Friedmann equation 1azs

* FLRW metric
e Perfect fluid

[Goncalves et al. 2112.02541]

H? =

1 | 87G : 1 1 k
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C] e Modified Friedmann equation 1azs

* FLRW metric
e Perfect fluid
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C] s Modified Friedmann equation 1ass
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ey fIR,T)=R+BT

= 8C,(~0.015 % 0.074)

fIR,T)=R+CRT
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C [ Conclusion

* No clear sign of non-standard BBN/gravity
& =099 =£0.05

* Constraints of f(R,T) gravity

¢=10£01 ) =8nc,(—~0.015*0.07)

* Unresolved lithium problem

* Further analysis?
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No clear sign of non-standard BBN/gravity

& =099 £005
Constraints of f(R,T) gravity d/\/L
@=10£01 1 =8n¢,(~0.015%0.074) 0\)\
0

Unresolved lithium problem

Further analysis?
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Field Equations:

PR =590 (PR +YT = V)=(Vu V=g 0)p = 62T — (T +O )
Variation of the action w.r.t. ¢ and :

Vo=R

Vip =T
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f(R,T) =R+ AR* + BT” + CR'T°

p=1+aAR* 1 +~CRT?
= BBT" ' + 6CRYT°!

V=(a—1)AR*+ (8 —1)BTP + (y+ 6 —1)CR'T?
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