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Metric affine

Lg = R [Γ̃]

Curvature R
+

Nonmetricity Q
+

Torsion S
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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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Matter: Hyperfluid

Perfect fluid
ρ, p

=
+ Spin σ

Shear Σ1,Σ2
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Generalized 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

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

How the energy
density dilutes

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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Thank

you
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