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A generic lagrangian

L = Lg + Lm
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General relativity

Metric gµν
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General relativity

Metric gµν Curvature R
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General relativity

Tµν

Stress - energy tensor

T αβ ≡ + 2√
−g

δ(
√
−gLM)
δgαβ
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General relativity

Γ̃αµν[gµν] symmetric ∇αgµν = 0
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General relativity
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Γ̃αµν[gµν] symmetric �������∇αgµν = 0
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General relativity
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Γ̃αµν[gµν] symmetric �������∇αgµν = 0

Metric affine gravity
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Metric affine gravity

gµν Γ

Curvature R
+

Nonmetricity Q
+

Torsion S
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Metric affine gravity

Tµν

Stress - energy tensor

∆µν
λ

HYPERMOMENTUM

T αβ ≡ + 2√
−g

δ(
√
−gLM)
δgαβ

∆λ
µν ≡ − 2√

−g
δ(
√
−gLM)

δΓλµν
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ΛCDM model

Baryons + radiation + Λ + CDM

GR as theory of gravity

CP = homogeneity and isotropy

6 free parameters

Spatial flatness ku = 0

Inflationary initial conditions
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General relativity

L = R̃ [Γ̃[g ]] + Lm[g ]

δgL = 0
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General relativity

3H2 = κ ρ

2Ḣ + 3H2 = −κw ρ

ρ̇+ 3H(1 + w)ρ = 0

p = w ρ

Perfect

fluid
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ρ̇±
√

3κ (1 + w) ρ3/2 = 0

ρ(t) = ρ0(
1 ±

√
3κ ρ0

2
(1 + w) (t − t0)

)2

How the energy
density dilutes



15

2Ḣ + 3 (1 + w)H2 = 0

H(t) = H0

1 +
3H0

2
(1 + w) (t − t0)

How the universe
expands
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Metric affine gravity

L = R [g , Γ] + Lm[g , Γ]

δgL = 0 δΓL = 0
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Metric affine gravity

3H2 = κρ+ κρh

2Ḣ + 3H2 = −κp − κph

ρ̇+ 3H(ρ+ p) = −ρ̇h − 3H (ρh + ph)

p = w ρ

ph = wh ρh

perfect fluid
+

hypermomentum
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Metric affine gravity

3H2 = κρ+ κρh

2Ḣ + 3H2 = −κp − κph

ρ̇+ 3H(ρ+ p) = −ρ̇h − 3H (ρh + ph)

p = w ρ

ph = wh ρh

ρh[σ,Σ1,Σ2]

ph[σ,Σ1,Σ2]
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Metric affine gravity

∆λ
µν ≡ − 2√

−g

δ (
√
−gLM)

δΓλµν

σ Σ1 Σ2

ρh[σ,Σ1,Σ2]

ph[σ,Σ1,Σ2]
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Metric affine gravity

3H2 = κρ+ κρh

2Ḣ + 3H2 = −κp − κph

ρ̇+ 3H(ρ+ p) = −ρ̇h − 3H (ρh + ph)

p = w ρ

ph = wh ρh

ρh[σ,Σ1,Σ2]

ph[σ,Σ1,Σ2]

weff ≡ p+ph
ρ+ρh
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ρ̇±
√

3κ (1 + w) ρ3/2 = 0

w −→ wρ

ρ̇±
√

3κ (1 + wρ) ρ
3/2 = 0

2Ḣ + 3 (1 + w)H2 = 0

w −→ weff

2Ḣ + 3 (1 + weff)H
2 = 0



22

ρ̇±
√

3κ (1 + wρ) ρ
3/2 = 0

How the energy
density dilutes

2Ḣ + 3 (1 + weff)H
2 = 0

How the universe
expands
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σ ∝ b
√
ρ

w = −1

weff = 2 w − b
2 + 3b

dS ↛ ρ(t) = ρ0

↛ H constant
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Thank
you

• Phys.Rev.D 111 (2025) 6, 064063

• J.Phys.Conf.Ser. 3177 (2026) 1, 012033
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Metric affine gravity

Lg [g , Γ] + LM [g , Γ, ϕM ]

δg(Lg + LM) = 0 δΓ(Lg + LM) = 0

1

Constrains!!!2

3
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Why we need to go beyond ΛCDM?

H0 tension

S8 tension

Dark energy

Dark matter w(z) = w0 + wa
z

1+z

DESI → w0 ̸= −1,wa ̸= 0
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Modified Friedmann equations assumptions:

Cosmological principle

Projective invariance

Parity even
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Cosmological principle

• Q → 3 dofs

• S → 2 dofs

• ∆ → 5 dofs

•
(((((((((((
Weyssenhoff fluid

• FLRW metric

• Perfect fluid
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Projective invariance

Γλµν 7→ Γλµν + δλµξv

Lg = R [Γ̃] =⇒ ∆α = 0

• ∆ → 4 dofs • Q → 2 dofs
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Parity even

Lg = R [Γ̃] =⇒ Lm even

• ∆ → 3 dofs • S → 1 dof


