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Motivation

• Palatini formalism: treat metric g and connection Γ̃ as independent degrees of freedom [1]

• Analogy to SU(N)-symmetric gauge theories where the gauge field Aµ and the metric g are inde-
pendent

• UV-completion within FRG/ Asymptotic Safety: first approach with vielbeins [2, 3]; not further
pursued

• New approach via ”on-shell reduction”: reduce fluctuation degrees of freedom γαµν → aµ through
EoM to obtain treatable gauge symmetry

General connection Γ̃ and Palatini formulation of gravity

• Covariant derivative ∇̃ with general connection Γ̃ (not a priory symmetric in lower two indices)

∇̃ = ∂ + Γ̃

= ∂ + Γ +K +N

= ∇ +K +N (1)

• Levi-Cevita Γ: Γαµν 6= 0 → curvature

• Contorsion K: Tα
µν = Γ̃αµν − Γ̃ανµ 6= 0 → torsion

• Non-metricity N : ∇̃µgαβ = −2 ·Nµαβ 6= 0 → non-conversation of measures

• Curvature tensors in Palatini formulation defined accordingly (with less symmetries in indices)

R̃
ρ
σµν = ∂µΓ̃

ρ
νσ − ∂νΓ̃

ρ
µσ + Γ̃

ρ
µλΓ̃

λ
νσ − Γ̃

ρ
νλΓ̃

λ
µσ, (2)

R̃σν = R̃
ρ
σµν g

µ
ρ , (3)

R̃ = R̃σνg
σν (4)

• Treatment of gauge degrees of freedom of arbitrary connection Γ̃ not straightforward

• Approach via suitable background connection as solution of equations of motion

Einstein-Hilbert-Palatini action

• Einstein-Hilbert action in Palatini formulation

S[g, Γ̃] =

∫
d4x

√
g

1

16πG

(
Λ− 2R̃

)
. (5)

• Equations of motion (EoMs) to find the (on-shell) background connection

δS

δgµν

!
= 0 (differential) (6)

δS

δΓ̃αµν

!
= 0 (algebraic) (7)

• Analytic solution for algebraic set of EoMs with new degrees of freedom Aµ in Palatini formulation

Γ̃αµν = Γαµν + Aµδ
α
ν , (8)

• Additional degree of freedom Aµ inherits U(1) symmetry through its field strength tensor

Fµν = ∂µAν − ∂νAµ. (9)

• Expressing Palatini curvature tensors through ordinary ones reveals U(1)-symmetry of Aµ

R̃ρσµν = Rρσµν + gρσFµν (10)
R̃σν = Rσν + Fσν (11)
R̃ = R (12)

• No new physical information obtained via Palatini formulation on Einstein-Hilbert level (R4-
symmetry)

Higher order Einstein-Palatini gravity

• Palatini formulation allows for second rank 2 tensor through different contraction (”Licci-tensor”)

L̃σν = gρµR̃σρνµ = Rσν − Fσν. (13)

• Two possible curvature invariants for Ricci-like tensors in Palatini formulation

R̃σνR̃
σν = RσνR

σν + FσνF
σν, (14)

R̃σνL̃
σν = RσνR

σν − FσνF
σν, (15)

• Simplest higher order action S in Palatini formulation

S[g, Γ̃] =

∫
d4x

√
g

1

16πG

[
Λ− 2R̃ + σ1R̃µνR̃µν +σ2L̃µνR̃µν

]
(16)

• Using on-shell reduction of previous section to obtain (σR/F = σ1 ± σ2)

S[g, A] =

∫
d4x

√
g

1

16πG

[
Λ− 2R + σRRµνRµν +σFFµνFµν

]
. (17)

• Extension to Einstein Palatini gravity expressed through ordinary Einstein gravity and a U(1)-
symmetric gauge field

• Treatment of gauge degrees of freedom within Asymptotic Safety scenario of quantum gravity and
matter known [4]

Asymptotic safety approach

• Scale-dependent analysis of quadratic order truncation in (Palatini-) gravitational sector

Γk,gr[g, A] =
∫
d4x

√
g 1
16πḠk

[
Λ̄k − 2R + σ̄Rk R

µνRµν + σ̄Fk F
µνFµν

]
(18)

• Dimensional running couplings Ḡk, Λ̄k and σ̄Rk and inessential coupling ZA
k =

σ̄F
k

4πḠk

• Wetterich equation in background field formalism of Γk = Γk,gr + Γk,gf + Γk,gh to obtain flow
equations for dimensionless couplings Gk, Λk, σRk and anomalous dimension ηA

Gk = k2Ḡk Λk =
1

k2
Λ̄k σRk = k2σ̄Rk ηA = −

k∂kZ
A
k

ZA
k

. (19)

• UV-attractive fixed point

G? = 1.132, Λ? = 0.2141, σ? = 0.326 (20)

• Critical exponents

θ1,2 = 2.033± 3.169 · i, θ3 = 12.784 (21)

●●

◆◆

■■

EH

Ric^2

EP

0.05 0.10 0.15 0.20 0.25
Λ

0.5

1.0

1.5

2.0

G

Figure 1: Diagrammatic representation of the fixed points in theory space spanned by the couplings
Λ and G for various truncations. The orange circle represents the Einstein-Hilbert truncation (EH),
the green diamond represents its extension to quadratic order in the Ricci tensor (Ric2) and the blue
square represents its extension to Einstein-Palatini gravity (EP).

Conclusions

• Simplest non-trivial extension of Einstein to Einstein-Palatini gravity using on-shell reduction

• Both non-metricity tensor N and contorsion tensor K are relevant expressions in this extension

• First UV-complete theory of Einstein-Palatini gravity

• Outlook: Asymptotically safe Einstein-Palatini gravity and matter with potential χSB
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