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Non-metricy
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Torsion
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Curvature
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Non-metricy
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Symmetric teleparallel gravity
f(Q) gravity
Coincident gauge - Q= 6H?>

Flat FLRW

[Gomes+ 2311.04201]
[Heisenberg+ 2311.05495]
[Guzman+ 2406.11621] 9 jqmm



Symmetric teleparallel gravity
f(Q) gravity
Coincident gauge - Q= 6H?>

Flat FLRW

Pathological f(Q):

strongly coupled fo = ((llg; >0

or propagating ghost d.o.f.

[Gomes+ 2311.04201]
[Heisenberg+ 2311.05495]

[Guzman+ 2406.11621] 10 H



Logarithmic f(Q)

Logarithmic family of models

Q) =5 V@ Q) +5Q

Friedman eq.

38H? + 3aHoH = Kk%p

self-accelerating

[Ayuso+ 2111.05061]
DGP = Dvali, Gabadadze, Porrati (5D gravity) 1 jqom



Logarithmic f(Q)

Logarithmic family of models

3 branches

f(Q) = %\/@11’1 (v Q) + BQ sLog
a=Qpo+ Qo —f
a <0

Friedman eq. DGP
3ﬁH2‘|‘30fH0H:H:2p B=1land a <0

A-nDGP
self-accelerating B=1land o >0

[Ayuso+ 2111.05061]
DGP = Dvali, Gabadadze, Porrati (5D gravity) 12 jqom



H Qm
H = 2[;) [\/45( a30)+a2a]

sLog model: varying f3
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Linear perturbations

Newtonian gauge

ds? = —(1 + 20)dt? + a?(1 — 2®)6! dz'dz;

Parametrization
effective gravitational coupling  p(a, k)

effective gravitational slip Y(a, k)

[Goncalves, Atayde, Frusciante 2404.01742]
14 [c] iags



Linear perturbations

Newtonian gauge

ds? = —(1 + 20)dt? + a?(1 — 2®)6! dz'dz;

Parametrization . ) . .
quasli-static approximation

effective gravitational coupling  p(a, k) 1
a) = —

effective gravitational slip E(a,, k) Hia) fo
YX=pu

[Goncalves, Atayde, Frusciante 2404.01742]
15 [c] iags



Linear perturbations

sLog model: varying 3, fixing v = 0.1.
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MGCAMB = Modified Growth with Code for Anisotropies in the Microwave Background 16 jqE®



A-—nDGP model: varying ~, fixing « = 40.7 and 8 = 1.
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MGCAMB = Modified Growth with Code for Anisotropies in the Microwave Background
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Cosmological study of a symmetric teleparallel gravity model

Tiago B. Goncalves, Luis Atayde, and Noemi Frusciante,
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Self-accelerating branch
Interesting features for S8 tension

No branch with all favourable characteristics

18 [c] ial8



M. C. Escher

19 [c] iaB8



%

| Lispod |

This work has been supported by Fundacao para a Ciéncia e Tecnologia through the PhD grant PRT/BD/153354/2021, and research grants
PTDC/FIS-AST/0054/2021 (https://doi.org/10.54499/PTDC/FIS-AST/0054/2021), UIDB/04434/2020 (https://doi.org/10.54499/UIDB/04434/2020 )

UIDP/04434/2020 (https: //dOI 0rg/10.54499/UIDP/04434/2020), PTDC/FIS-OUT/29048/2017, and CA21136.
UNIRO EUROPEIA NORTE
PORTUGAL «*x e CSMPETE 20206
s 2020 @m0 ’
2020 2R eT

FCiéncias'® —g REPUBLICA
UNIVERSIDADE ] a aCICncian Fundagio roxrucusss A9 9()20
DE LISBOA DESERVOLYIMENTO SR para a Ciéncia ENCI, TECNOLOGIA
DE CIENCIAS 1oPASC 11D\

e a Tecnologia EENSINO SUPERIOR

instituto de astroﬁs:ca
e ciéncias do espago

\SION,
SRSONs

 NOMALe

., o
49010Ws°

g
“Ospoves™


https://doi.org/10.54499/PTDC/FIS-AST/0054/2021
https://doi.org/10.54499/UIDP/04434/2020

Action

S = /\/—_gd4117 [—T;f(Q) +£m(9mxé)}

Non-metricity and conjugate tensors
Q — v 1 1 - )
any aJuv PQ#V - _ELQP‘«V T 1 (Qa Q&) Juv — 3 ELQV)

Disformation tensor

L&,u,y — %(Qa,u,y - Q(Jm,)a)
2 independent contractions of non-metricity tensor
Qo = 9" Qapy and Qn = " Qpay
Non-metricity scalar

Q — _Qa;.wP&p‘V
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Metric eq.
2

V=9

Connection eq. (not independent),
when matter Lagrangian is independent of the connection (no hypermomentum)

Vuvv (\/_—ngpuv&) =0

Coincident gauge (coordinate choice)
Flat FLRW
ds* = —dt® + a(t)?6;;dz"dz’

Non-metricity scalar

Q =6H"

|
—=Va (V=9faP™) + 58" f + [P Quap = T",
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Newtonian gauge

ds? = —(1 + 20)dt? + a?(1 — 20)6! dz'dz;
Linear perturbation egs.
k2
—a—lIJ = 4Gy p(a, k) [pA + 3(p + p)o]

i — (P + V) = —4nGpN X(a, k) [2pA + 3(p + p)o]

a?2

Gauge-invariant density contrast
aH
PA=pd+ 35 (p+p

Density contrast eq.

o+ 2HS + 4G na’pu(a, k)5 =0
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- Strong coupling problem
- interactions so strong that perturbative methods fail

- e.g. Vainshtein mechanism screening extra d.o.f.s at large distances; still problematic at small scales

- Ghost instability
- unphysical d.o.f.s
- wrong sign of kinetic term
- negative energy states
- unbounded energy from below
- unstable vacuum

- runaway solutions, field grows indefinitely

24 [c] iaB8



[Submitted on 7 Nov 2023]

On the pathological character of modifications of Coincident General
Relativity: Cosmological strong coupling and ghosts in f (@) theories

Débora Aguiar Gomes, Jose Beltran Jiménez, Alejandro Jiménez Cano, Tomi S. Koivisto

[2311.04201]

[Submitted on 9 Nov 2023]
Cosmological teleparallel perturbations

Lavinia Heisenberg, Manuel Hohmann, Simon Kuhn

[2311.05495]
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[Mozart]
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Pithoprakta (1955-56), mesures 52-59 : graphique de Xenakis

Source : Iannis Xenakis, Musique. Architecture, Tournai, Casterman, 1976, p. 167
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