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General relativity

Metric: gµν

Curvature R

What lagrangian?

Lg = R̃ [Γ̃[g ]]
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General relativity

Tµν

Stress - energy tensor

T αβ ≡ + 2√
−g

δ(
√
−gLM)
δgαβ
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Metric affine gravity

• gµν • Γ
Non Riemannian
geometry
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Metric affine gravity

• gµν • Γ

Curvature R
+

Nonmetricity Q
+

Torsion S
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Metric affine gravity

• gµν • Γ

What lagrangian?

Lg = R [g , Γ]

R [g , Γ] = R̃ [g ] + (Q..) + (S ..) (1)
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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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Standard cosmological model

ΛCDM model
Matter + CDM + Λ

GR as theory of gravity
CP = homogeneity and isotropy
6 free parameters
Flat universe
Inflation

Going beyond ΛCDM implies breaking one or more
of the above points!
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GR as theory of gravity
CP = homogeneity and isotropy
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Flat universe
Inflation

Going beyond ΛCDM implies breaking one or more
of the above points!
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General relativity

L = R̃ [Γ̃[g ]] + Lm[g ]

δgL = 0
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Friedmann equations

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
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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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Modified Friedmann equations

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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Modified Friedmann equations

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
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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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Only SPIN σ

σ ∝ b
√
ρ

wρ = w ± b weff = 2 w ∓ b
2 ± 3b
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ρ(t) = ρ0(
1 ±

√
3κ ρ0

2
(1 + wρ) (t − t0)

)2

H(t) = H0

1 +
3H0

2
(1 + weff) (t − t0)

New possibilities to model
cosmological dynamics!
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1) Metric Affine Gravity (MAG)

2) Cosmology in MAG

3) Inflation in MAG
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Metric theory

L = A(ϕ) R̃ + K (ϕ) ∂µϕ∂
µϕ+ V (ϕ)
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Metric theory

L = A(ϕ) R̃ + K (ϕ) ∂µϕ∂
µϕ+ V (ϕ)

L = R̃ + K̂ (ϕ) ∂µϕ∂
µϕ+ V (ϕ)

conformal
transformations

K̂ (ϕ) =
3
2
(∂ϕA(ϕ))2

κA(ϕ)2
+

K (ϕ)

A(ϕ)
= standard
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Metric theory

L = R̃ + K̂ (ϕ) ∂µϕ∂
µϕ+ V (ϕ)

K̂ (ϕ) =
3
2
(∂ϕA(ϕ))2

κA(ϕ)2
+

K (ϕ)

A(ϕ)
= standard

L = R̃ + ∂µφ∂
µφ+ V̂ (φ)

field
ridefinition

V̂ (φ)
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Metric affine gravity

L = A(ϕ)R + K (ϕ) ∂µϕ∂
µϕ+ V (ϕ)

+Ci (Q
µ, Sµ) ∂µϕ+ ci(QS) + ai(QQ) + bi(SS)
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Metric affine gravity

L = A(ϕ)R + K (ϕ) ∂µϕ∂
µϕ+ V (ϕ)

+Ci (Q
µ, Sµ) ∂µϕ+ ci(QS) + ai(QQ) + bi(SS)

L = R̃ + K̂ (ϕ) ∂µϕ∂
µϕ+ V (ϕ)

δΓ(L) = 0
+ conformal

transformations
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Metric affine gravity
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Metric affine gravity

L = A(ϕ)R + K (ϕ) ∂µϕ∂
µϕ+ V (ϕ)

+Ci (Q
µ, Sµ) ∂µϕ+ ci(QS) + ai(QQ) + bi(SS)

K̂ (ϕ) V̂ (φ)

NOT ALWAYS !
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Why do we need V̂ (φ)?

Inflation
V̂ (φ)

• Slow roll parameters ϵ[V̂ (φ)], η[V̂ (φ)]

• Tensor to scalar ratio r

• Scalar tilt ns
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Thank
you

Cosmology:
• Phys.Rev.D 111 (2025) 6, 064063

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

Inflation:
• soon in arXiv
(theory and comparison with data)
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I also have been victim

of academic harassment
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S [g , Γ,Φ] =
1
2κ

∫
d4x

√
−g

[
A(ϕ)R − κB(ϕ)∂µϕ∂µϕ− 2κV(ϕ)

+ κ (C1(ϕ)Q
µ + C2(ϕ)q

µ + C3(ϕ)S
µ + C4(ϕ)t

µ) ∂µϕ

+ b1(ϕ)SαµνS
αµν + b2(ϕ)SαµνS

µνα + b3(ϕ)SµS
µ

+ b5(ϕ)Sµt
µ + b6(ϕ)ε

αβγδSαβµS
µ

γδ

+ a1(ϕ)QαµνQ
αµν + a2(ϕ)QαµνQ

µνα + a3(ϕ)QµQ
µ

+ a4(ϕ)qµq
µ + a5(ϕ)Qµq

µ + a6(ϕ)ε
αβγδQαβµQ

µ
γδ

+ c1(ϕ)QαµνS
αµν + c2(ϕ)QµS

µ + c3(ϕ)qµS
µ

+ c4(ϕ)Qµt
µ + c5(ϕ)q

µtµ + c6(ϕ)ε
αβγδQαβµS

µ
γδ

]
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tα = ϵαbca Sbca Sα = Sαβ
β

Qµ = gαλQµαλ qµ = gαλQαλµ
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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
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Assumptions for the lagrangian
for inflation studies?

None of the above!


