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C st How to tweak gravity?
Einstein-Hilbert action: .
S = 53 R \/—gd4a;+/ Lo/ —gd*z
K
curvature
scalar
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Einstein-Hilbert action:
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C st How to tweak gravity?
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C st How to tweak gravity?

Einstein-Hilbert action:

1

S=— | R \/—gd4x+/£m\/7—gd4:c

QK2

curvature l
scalar

f(R)

f(R,T) gravity [Harko & al. 1104.2669]: l

2,{2 /f R, TK\/idllx‘F/ mfdél
frace

stress—eneﬁn/
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Class The f(R,T) tweak 1aze
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Geometrical representation [Harko & al. 1104.2669]

S =

= GN/\/_fRTd4x+/\/_£ dz

Scalar-tensor representation [Rosa 2103.11698]

%E%% ¢_@I \/(%SD)E—]@(R,T)HpRJr Y1

S = 16WGN/\/_ R+ YT — V(gp,w)]d4x+/\/_£ d*z
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Modified equations:

G'U,,/ = 87TGNTW,

The f(R,T) tweak
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The f(R,T) tweak iage
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Modified equations:
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C s The f(R,T) tweak ame

e ciéncias do espago

Modified equations:

1 1
Gy = 8TGNT — llb(T;u/ — §9uvT + @MV) + (QWD - VHVV)‘P + _guVV]

2
oV
F
oV
il
‘ CAN HAVE NON - CONSERVATION OF NATIER,/
1 1
of NAEOR 6T
= —= ) = L e — PO s — 70T
TR, = O =975 v RSV
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D'Im\(jr )jimdu’mf bieg Constraints

R econstruction
accfel 1] h‘.’“e i T Hessid  _ 00, .55
b={r 2 ®) &, of WTEO Hetendord
w= [—'1 , 1 ]
[Goncalves & al. 2112.02541] [Goncalves et al. 2203.11124]
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Future singularities 1ase
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[Barrow gr-qc/0403084 & 0409062; Nojiri & al. hep-th/0501025]
E.g. sudden singularities in Generalized Hybrid Metric-Palatini Gravity [Rosa & al. 2103.02580]

’ Tiago B. Goncalves | tgoncalves@alunos.fc.ul.pt

Tweaking Gravity |18




gom
-

O mn

:: R0
o3 =

¢ 5

< 2
T
HE

C st 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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Cstur Future singularities 1ms
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Sudden singularities f(R,T) gravity [Goncalves et al. 2203.11124]:

Assuming:
* FLRW metric
* Perfect fluid
* Ly =0p
- f(R,T) is C* function = R,T,p,,V,... all regular

. — Jrwest olviridive veith,
v, T* 7LO a ot @dw&a
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C s BBN in a nutshell 1a==

(or in a pressure pot)

0.3 05 0.1 o 05 }T[Me\/]
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cl==  BBN with tweaked Hubble expansion  iasf

“He: Y, = (0.2381 = 0.0006) + 0.0016 [10 + 100 (€ — 1)] + 0.0002 (7, — 881.5)

3BBN

6

1.6
=
7710—6(5—1)] <10

D/H = 2.60 (1 + 0.06) [

2
~ 31
"Li/H = 4.82 (1 +0.10) [7710 6(5 )] « 10-10

Ny
Mo = — x 10"
Ty

[Kneller & Steigman astro-ph/0406320; Steigman 0712.1100; Steigman 1208.0032]
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cl==  BBN with tweaked Hubble expansion  iasf

eeeeeeeee

$BBN
_571/1.6
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]

£ =099 £0.05

AN, =43 (&2 -1) /7= -0.1570 % G' /Gy = €% =0.98+0.10
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BBN with tweaked Hubble expansion  lazs

GR, assuming:
* FLRW metric

* Perfect fluid
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ci#=  BBN with tweaked Hubble expansion  1a==
f(R,T), assuming:
* FLRW metric
Perfect fluid
* £m =D

[Goncalves et al. 2112.02541]

8rlc , 1
H2 — N w (p_

1
— p— Hp+
%, 3

T'=0 during BBN?
Numerical predictions still the same?
Inferring abundances observationally changed by modified gravity model?
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clit= BBN with tweaked Hubble expansion

1 (887G 4
HQ:—( i N+—w>pr
%, 3 9

JRT) =R+oR + /5T+ JRT

qﬁzo ga:o

— 0.0% 0.1 /0: (- 0.015 £ 0.074) 4G,
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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?
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Cls Background evolution
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Cosmology in scalar-tensor f(R,T) gravity [Goncalves et al. 2112.02541]:

aocqel 14 2]
t={=z # ®|

w= [_ 1 | 1 ]
o

i
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Clsts Background evolution 1ass

Cosmology in scalar-tensor f(R,T) gravity [Goncalves et al. 2112.02541]:

112 }

(@ p(t)/po

o< {ef 17

)

k:{’% , # , @ } ) (1) /o : (© o(t)

w:[“", ”

{ A fwv} '
Figure 1. Energy density p (f) (top panel), scalar field §(t) (left panel) and scalar field ¢(t) (right panel), in the particular
case of a de Sitter scale factor a « ¢', for a range of values of the equation of state parameter w, setting k = 0 and A = 1.
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1.06 r

Ya ' = 0.238440.0006+0.00161,0+0.16(S —1)-

ces by

M1o

FIG. 3: BBN-predicted isoabundance curves for *He in the
expansion-rate parameter (5), baryon density parameter (n)
plane. From bottom to top, Yp = 0.23, 0.24, 0.25. The solid
curves are the BBN-predicted results, while the dotted curves
are our fits (see the text).

[Kneller & Steigman astro-ph/0406320; Steigman 0712.1100; Steigman 1208.0032]
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y Ciéncias = ol - 2 B
Csis Modified Hubble expansion 1azm
H '
H3BBN
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
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H2

p=0

g fIR,T)=R+AR

50:1.0.t0_1

C] s Modified Friedmann equation 1ass
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1 /87G 4
2—( N—|—§w)pfr

%, 3
p=1

ey fIR,T)=R+BT

= 8C,(~0.015 % 0.074)

fIR,T)=R+CRT
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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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