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Dynamical dark energy
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Dynamical dark energy
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Modified Gravity
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f(Q) gravity

1
S = fd4xﬁ _Z_KZf(Q) + Lm(guv'xi)

K = 87'[GN/C4 Qauv = vaguv
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Neutrino bounds

Massive neutrinos imprint distinctive signatures in the CMB and in late-time LSS that can
partially overlap with, and therefore be degenerate with, the effect induced by MG.

Because several MG scenarios can alter the expansion history and the growth/lensing sector
in ways that partially mimic (or compensate) neutrino mass effects, the inferred bounds on

Xm,, are model dependent.

ACDM + Im,, > Im, S0.12eV(95%C.L)
N. Aghanim et al. (Planck) 2020

ACDM + Xm,, > Im, < 0.14 eV (95% C.L.)

T. M. C. Abbott et al. (DES) 2026

f(Q) gravity*

L. Atayde and N. Frusciante (2023)

v

Sm, < 0.277 eV (95% C.L.)
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Effects on cosmological power spectra

Lensing angular power spectra
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Effects on cosmological power spectra
CMB TT angular power spectra
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Cosmological constraints
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Cosmological constraints
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Cosmological constraints
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DATASET |n, H, QY og Ym,
ACDM
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PBRS 0.970 £ 0.008 [67.97153710.306 & 0.011 |0.839 & 0.035 | < 0.219

PBRSD  [0.97370000s  |68.0813:5°10.30410017 [0.822700%% < 0.277
f(Q)-inverse power

PLK18  [0.97 % 0.01 75.9755 [0.2517003;  [0.8937005; < 0.686

PBRS 0.9681 4 0.0095 [71.1712. (0.294 + 0.011|0.795 + 0.038 0.71 + 0.19

PBRSD  [0.969570-:9991  |71.1 +1.1[0.292 4 0.011|0.751 4 0.0330.77+2-18
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Cosmological constraints
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Conclusion

* We investigated the cosmology of an inverse nonmetricity model in symmetric teleparallel f(Q) gravity. The
model does not have extra parameters compared to ACDM.

* The model has several effects on cosmological spectra such as an enhanced matter and lensing power spectra and
a suppressed ISW tail of the TT power spectra.

* By allowing the total neutrino mass Xm,, to vary reveals an important degeneracy: neutrino free-streaming
suppresses structure growth and can partially compensate the MG enhancement. This yields values closer to weak-
lensing preferences, at the cost of preferring comparatively large neutrino masses.

* Despite its conceptual economy and parameter minimality, inverse f(Q) gravity is highly sensitive to structure-
growth and lensing measurements and it is generally not supported by data as a fully viable alternative to ACDM.

* Future data with improved control of late-time systematics and tighter neutrino-mass information will be
particularly powerful in testing (or ruling out) this class of non-metricity models.
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f(Q) gravity

The function f(Q) is an arbitrary function of the non-metricity scalar Q.

Coincidence gauge: ['%, = 0
Q — _Qauvpauv gaug wv

The tensor B}, is given by:
a 1 a 1 a A 1 a
P,uv — _EL,uv + Z (Q —Q )g/,tv — ZS(HQV)
a 1 a Uv N — LUV
Luv = E (qu - Q(;,Lv)a); Qa = g Qa‘uv; Q - g Q,LLC(V'

For FLRW metric: Q = 6H?

2
. K
3H? = 1%(p + po) H===(p+p+pq+Ppo)
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f (Q) gravity Q) = Q+%4

M* H _ M?
pQ:_lzKZHZ 3_2ﬁ pQ_4-K2H2
k? K>
= u(a) = —
0 > 1(a)pmbm fo
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Cosmological constraints
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Cosmological constraints
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Cosmological constraints
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Cosmological constraints
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Cosmological constraints
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