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Why tweak gravity?
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How to tweak gravity?
Einstein-Hilbert action:
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How to tweak gravity?
Einstein-Hilbert action:

f(R,T) gravity [Harko & al. 1104.2669]:
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The f(R,T) tweak
Geometrical representation [Harko & al. 1104.2669]

Scalar-tensor representation [Rosa 2103.11698]
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The f(R,T) tweak
Modified equations:
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What happens after tweaking?

[Gonçalves & al. 2112.02541] [Gonçalves et al. 2203.11124]



Tiago B. Goncalves | tgoncalves@alunos.fc.ul.pt                     Tweaking Gravity |17

Future singularities
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Future singularities

[Barrow gr-qc/0403084 & 0409062; Nojiri & al. hep-th/0501025]
E.g. sudden singularities in Generalized Hybrid Metric-Palatini Gravity [Rosa & al. 2103.02580]
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Future singularities
Sudden singularities f(R,T) gravity [Gonçalves et al. 2203.11124]:

Assuming:
● FLRW metric
● Perfect fluid
●

●
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BBN in a nutshell
(or in a pressure pot)
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BBN with tweaked Hubble expansion

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

BBN with tweaked Hubble expansion



Tiago B. Goncalves | tgoncalves@alunos.fc.ul.pt                     Tweaking Gravity |24

BBN with tweaked Hubble expansion
GR, assuming:

● FLRW metric
● Perfect fluid
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BBN with tweaked Hubble expansion

● FLRW metric
● Perfect fluid
●

[Gonçalves et al. 2112.02541]

f(R,T), assuming:

● T = 0 during BBN?
● Numerical predictions still the same?
● Inferring abundances observationally changed by modified gravity model?
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BBN with tweaked Hubble expansion
f(R,T):
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BBN with tweaked Hubble expansion
f(R,T):
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Testing tweaking



Concluding remarks
Where to go?

Do we add more particles or change gravity? Or both?

What links are there between gravity and particles?

How can we explore them?

            Acknowlegments: UIDB/04434/2020 & UIDP/04434/2020, PTDC/FIS-OUT/29048/2017, PTDC/FIS-AST/0054/2021, PRT/BD/153354/2021.
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Background evolution
Cosmology in scalar-tensor f(R,T) gravity [Gonçalves et al. 2112.02541]:
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Background evolution
Cosmology in scalar-tensor f(R,T) gravity [Gonçalves et al. 2112.02541]:
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[Kneller & Steigman astro-ph/0406320;  Steigman 0712.1100; Steigman 1208.0032]
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Modified Hubble expansion

  [5] PDG Review –  Sec. 24 ‘Big Bang Nucleosynthesis’ (2021 update)
[39] F. M. Gonzalez et al. [UCNτ] 2106.10375
[42] Kneller & Steigman astro-ph/0406320;  Steigman 0712.1100 & 1208.0032

[Lithium problem: see 
also Bruno Carrazedo’s 
talk tomorrow]
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Modified Friedmann equation
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