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Motivations:  
✴ Existence of a Newtonian limit in any topology. 

‣ Q.V. (PRD 2021; PRD 2022; CQG 2022; FoP 2024); Q.V. & B. Roukema (PRD 2023) 

✴ From the Carrollian limit? (In prog.) 

‣ Q.V. & H. Barzegar & J. Read (2025, preprint) 

✴ Well-posed variational principle in any topology? (In prog.) 

Cosmology: a universal dynamics 

✴ Expansion does not depend on . 

‣  Q.V. & V. Poulin (PRD 2023) 

✴ Simple model for curved inflation. 
‣ Q.V. & J. Larena (CQG 2024) 

✴ Homogeneous but anisotropic solutions. (in prog.) 
‣ Q.V. & H. Barzegar (in prep.)
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Expansion in the standard model of cosmology 

        (  ) 

Three types of univers (if global isotropy) 

                                     Euclidian (K=0)                          Spherical ( )                     Hyperbolic ( )

Ωmatter + Ωrad + ΩΛ + ΩK = 1 ΩK := − K/(a2H2)

K > 0 K < 0

t

a(t) K = 0

K > 0

K < 0



INTRODUCTION — COSMIC TOPOLOGY 3

Cosmic topology : Study of the shape and global curvature of the Universe

Expansion in the standard model of cosmology 

        (  ) 

Three types of univers (if global isotropy) 

                                     Euclidian (K=0)                          Spherical ( )                     Hyperbolic ( )

Ωmatter + Ωrad + ΩΛ + ΩK = 1 ΩK := − K/(a2H2)

K > 0 K < 0

… ……

D
iff

er
en

t s
ha

pe
s 

 
(to

po
lo

gi
es

)

t

a(t) K = 0

K > 0

K < 0



INTRODUCTION — COSMIC TOPOLOGY 3

Cosmic topology : Study of the shape and global curvature of the Universe

Expansion in the standard model of cosmology 

        (  ) 

Three types of univers (if global isotropy) 

                                     Euclidian (K=0)                          Spherical ( )                     Hyperbolic ( )

Ωmatter + Ωrad + ΩΛ + ΩK = 1 ΩK := − K/(a2H2)

K > 0 K < 0

… ……

D
iff

er
en

t s
ha

pe
s 

 
(to

po
lo

gi
es

)

t

a(t) K = 0

K > 0

K < 0



INTRODUCTION — COSMIC TOPOLOGY 3

Cosmic topology : Study of the shape and global curvature of the Universe

Expansion in the standard model of cosmology 

        (  ) 

Three types of univers (if global isotropy) 

                                     Euclidian (K=0)                          Spherical ( )                     Hyperbolic ( )

Ωmatter + Ωrad + ΩΛ + ΩK = 1 ΩK := − K/(a2H2)

K > 0 K < 0

… ……

D
iff

er
en

t s
ha

pe
s 

 
(to

po
lo

gi
es

)

t

a(t) K = 0

K > 0

K < 0



INTRODUCTION — COSMIC TOPOLOGY 3

Cosmic topology : Study of the shape and global curvature of the Universe

Expansion in the standard model of cosmology 

        (  ) 

Three types of univers (if global isotropy) 

                                     Euclidian (K=0)                          Spherical ( )                     Hyperbolic ( )

Ωmatter + Ωrad + ΩΛ + ΩK = 1 ΩK := − K/(a2H2)

K > 0 K < 0

… ……

D
iff

er
en

t s
ha

pe
s 

 
(to

po
lo

gi
es

)

Not an exotic hypothesis: implicitly assumed in the Standard Model, as boundary conditions.
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INTRODUCTION — CLASSIFICATION 4

Classification of closed 3-manifolds  (Thurston’s classification): 
‣Eight classes of topology, characterised by the covering space :  

                       
‣Within each class, a topological space is characterised by a discrete group , such that 

Σ
Σ̃

Σ̃ = 𝔼3, 𝕊3, ℍ3, ℝ × 𝕊2, ℝ × ℍ2, S̃L(2,ℝ), Nil, Sol
Γ Σ = Σ̃/Γ
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Topo-GR 6

    (i) Modified Einstein’s equation

 Rμν − R̄μν = 8πG (Tμν − T/2gμν) + Λgμν

(ii) Conservation of  

      

R̄μν

∇ν(R̄νμ −
1
2

gσγR̄σγ gμν) = 0

A bi-connection theory: (Q.V. FoP, 2024, arXiv:2204.13980) 

‣ Spacetime manifold , with  a closed 3-manifold. 

‣A physical Lorentzian structure  and its Riemann curvature tensor  . 

‣A background, symmetric connection  and its reference Riemann curvature tensor  . 

       

ℳ = ℝ × Σ Σ

(g, ∇) Riem(∇)

∇̄topo Riem( ∇̄topo)

S =
1

16πG ∫ℳ
dx4 |g | (Rμν−R̄topo

μν ) gμν + ℬ. + Smatter
Similar to 

Rosen (1980)
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‣ Q.V. & H. Barzegar & J. Read (2025, preprint) 
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Cosmology: a universal dynamics 

✴ Expansion does not depend on . 
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‣ Q.V. & J. Larena (CQG 2024) 
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Exact homogeneous and isotropic solution: Vigneron & Poulin (2023)  

    GR:                                               topo-GR: {
Ω≠K + ΩK = 1,
q = Ωm/2 + Ωrad − ΩΛ {

Ω≠K = 1, ∀ ΩK

q = Ωm/2 + Ωrad − ΩΛ

t

a(t) K = 0

K > 0

K < 0

https://arxiv.org/abs/2212.00675
https://arxiv.org/abs/2212.00675
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Question:  What is the value of  from observations with this new model?ΩK
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a(t) ∀K = 0
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K > 0 K < 0 Geometrical effect  
of spatial curvature

Results:  No significant differences compared to the CDM model, i.e. .Λ ΩK ∼ 0
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 Simple, natural, model explaining CMB anisotropies 
for any curvature. Vigneron & Larena (2024)
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Motivations:  
✴ Existence of a Newtonian limit in any topology. 

‣ Q.V. (PRD 2021; PRD 2022; CQG 2022; FoP 2024); Q.V. & B. Roukema (PRD 2023) 

✴ From the Carrollian limit? (In prog.) 

‣ Q.V. & H. Barzegar & J. Read (2025, preprint) 

✴ Well-posed variational principle in any topology? (In prog.) 

Cosmology: a universal dynamics 

✴ Expansion does not depend on . 

‣  Q.V. & V. Poulin (PRD 2023) 

✴ Simple model for curved inflation. 
‣ Q.V. & J. Larena (CQG 2024) 

✴ Homogeneous but anisotropic solutions. (in prog.) 
‣ Q.V. & H. Barzegar (in prep.)
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μν = 8πG (Tμν − T/2 gμν)
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  Some perpectives 
  Black holes: 

✴ Propagating massless scalar mode in vacuum. 

✴ Exact solutions (e.g. Q.V. & Szabo & Mourier, EPJC 2024). 

✴ Definition of mass in non-trivial topologies. 

  Cosmology: 

✴ Inflation in general topologies 

✴ BKL singularity 

✴ Waiting for a measurement of spatial curvature... 

   Quantum gravity: 

✴ e.g.,  arising from topological change in 
quantum gravity?

R̄μν
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from the curvature "imposed" by the spacetime topology.

Matter

Thank you for your attention!

(2) Gravity in topo-GR is more universal than in GR.
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