
Inverse non-metricity in !(#) gravity: 
cosmology and observational constraints

Simão Marques Nunes
Luís Atayde

Noemi Frusciante

GGI workshop: Exploring New Frontiers in Cosmology – Week 1 
Student Talks



Simão Marques Nunes 2Student Talks

CosmoVerse White Paper 2025 

!" tension
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!" tension

CosmoVerse White Paper 2025 



Dynamical dark energy
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DESI Collaboration Adame et al. 2024 



Dynamical dark energy
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DES Collaboration Abbott. et al 2026 
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Beyond metricity
Modified Gravity
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:(;) gravity 
Action

with +, = 8=>?/A% .B34 ≡ ∇E(34and

Selected :(;) form

with 9% = 12 ΩGH IH%
J. Beltrán Jiménez et al. 2020
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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
Σ"# are model dependent.  

ΛCDM + Σ"# Σ"# ≲ 0.12 eV (95% C.L.)                    

ΛCDM + Σ"# Σ"# ≲ 0.14 eV (95% C.L.) 

+ , gravity* Σ"# < 0.277 eV (95% C.L.) 

N. Aghanim et al. (Planck) 2020 

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

L. Atayde and N. Frusciante (2023)

Planck 2018 CMB + BAO

DESY6 3x2pt with CMB and DESI DR2 BAO, 
DES SNIa and SPT clusters

CMB, BAO, RSD and SNIa
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Matter power spectra
Effects on cosmological power spectra
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Effects on cosmological power spectra
Lensing angular power spectra



Simão Marques Nunes 11Student Talks

Effects on cosmological power spectra
CMB TT angular power spectra
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Cosmological constraints



Simão Marques Nunes 13Student Talks

Cosmological constraints
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Cosmological constraints
Vary !"#
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Cosmological constraints



• We investigated the cosmology of an inverse nonmetricity model in symmetric teleparallel !(#) gravity. The 
model does not have extra parameters compared to ΛCDM. 

• 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 Σ'( 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 !(#) gravity is highly sensitive to structure-
growth and lensing measurements and it is generally not supported by data as a fully viable alternative to ΛCDM.

• 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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Conclusion



Simão Marques Nunes 17Student Talks

Thank you
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Extra Slides
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!(#) gravity 

Friedmann equations

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

% = −%()*+()*
The tensor +)*( is given by:
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Coincidence gauge: Γ)*( = 0
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!(#) gravity 

Pressure and density equations

Poisson equation
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For the selected ! # form
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Evolution of !
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Cosmological constraints
Fixed !"#
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Cosmological constraints
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Cosmological constraints
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Cosmological constraints
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Cosmological constraints



Simão Marques Nunes 27Student Talks


