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Motivations and Considerations

GR is (so far) the most successful theory of gravity.

GR interprets geometry as interaction.

In GR the main character is curvature.

Curvature is built by a connection, Riem = Riem(Γ).

The connection might not be the one of Levı̀-Civita.

But, Where is the metric?
In the contraction to obtain the Ricci
scalar!

S =

∫
∗R

Is it possible to build a
non-metric model of gravity?

Eddington (1923): S =
∫ √

Ric(Γ).

Building a gravitational affine theory is similar to building a Chern–Simons
gauge theory.

O. Castillo-Felisola (USM & CCTVal) Toward a purely affine theory of gravity 7th January 2016 3 / 13



Do we need to change the gravitational theory?

Excellent classical behaviour, but not at quantum level:

The metric is an unbounded operator, with multiple signature states

The Wheeler–DeWitt equation is (generally) ill-defined
→ Non-polynomial dependence on ADM variables

Solutions (WDW eqs.) and interpretations, evolution, Dirac observable,
etc.

It is non-renormalizable (avoidable problem!)
Could address some problems:

I Vacuum energy (Micro scale)
I Rotational curves (Galactic scale)
I Dark sector (Cosmological scale)

Possible solution???
A new quantizable model of gravity

O. Castillo-Felisola (USM & CCTVal) Toward a purely affine theory of gravity 7th January 2016 4 / 13



A glance to the gravity Zoo

PALATINI: Non Renormalizable

SUPER GRAVITY: SUSY, Non Renormalizable

STRING THEORY: 10 dim, SUSY, Landscape problem

LOOP QUANTUM GRAVITY: Semiclassic limit, Continuous.

SPIN FOAMS: Lorentz group anomalies

CONFORMAL GRAVITY: Newtonian Limit

HOŘAVA–LIFSHITZ GRAVITY: Difeomorphisms

MASSIVE GRAVITY: Ghosts , 2 metrics,
1410.2289 S. Desser et al.: non unique evolution, superluminal signals, inconsistencies with matter couplings, micro-acausality

(propagation through closed timelike curves)

BRANS-DICKE, TELEPARALLEL GRAVITY, MODIFIED NEWTONIAN DYNAMICS (MOND),

CAUSAL SETS, REGGE CALCULUS, DYNAMICAL TRIANGULATIONS, PENROSE TWISTOR

THEORY, PENROSE SPIN NETWORKS, CONNES NON–COMMUTATIVE GEOMETRY, CAUSAL

FERMION SYSTEMS
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Our bet: A new affine theory of gravity

An affine connection as solely dynamical field

The action is polynomial in the fields

Diffeomorphism invariance

The invariant tensors (density) are δ and ε

Affine connection
Defines a covariant linear derivative

Defines a parallel transport

It can be decomposed into irreps

Γ̂µρσ = Γµρσ + ερσλ1...λd−2
Tµ,λ1...λd−2 +A[ρδ

µ
ν]

with ερµλ1...λd−2
Tµ,λ1...λd−2 = 0.
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Cooking with the finest ingredients

Fields: Γ, T and A.

Γ do not enter directly, but
Riem(Γ).

Seasonings: ∇, δ and ε

Lagrangian: scalar density

W (T ) = W (ε•) = 1

N(Φ) number of indices

a b c `
1 3 0 0
1 2 1 0
1 1 2 0
1 0 3 0
2 2 0 -1
2 1 1 -1
2 0 2 -1
3 1 0 -2
3 0 1 -2
4 0 0 -3
0 4 0 1
0 3 1 1
0 2 2 1
0 1 3 1
0 0 4 1

The restrictions

N(T aAb∇cε...dε...e) = n n = 3a− b− c+ 4`

W (T aAb∇cε...dε...e) = w w = a+ `.
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The MOST general action

S[Γ, T, A] =

∫
d4x

[
B1Rµν

µ
ρT

ν,αβT ρ,γδεαβγδ +B2Rµν
σ
ρT

β,µνT ρ,γδεσβγδ

+B3Rµν
µ
ρT

ν,ρσAσ +B4Rµν
σ
ρT

ρ,µνAσ

+B5Rµν
ρ
ρT

σ,µνAσ + C1Rµρ
µ
ν∇σT ν,ρσ

+ C2Rµν
ρ
ρ∇σTσ,µν +D1 T

α,µνT β,ρσ∇γT (λ,κ)γεβµνλεαρσκ

+D2 T
α,µνTλ,βγ∇λT δ,ρσεαβγδεµνρσ

+D3 T
µ,αβTλ,νγ∇λT δ,ρσεαβγδεµνρσ +D4 T

λ,µνTκ,ρσ∇(λAκ)εµνρσ

+D5 T
λ,µν∇[λT

κ,ρσAκ]εµνρσ +D6 T
λ,µνAν∇(λAµ)

+D7 T
λ,µνAλ∇[µAν] + E1∇(ρT

ρ,µν∇σ)Tσ,λκεµνλκ

+E2∇(λT
λ,µν∇µ)Aν + Tα,βγT δ,ηκTλ,µνT ρ,στ

(
F1 εβγηκεαρµνεδλστ

+ F2 εβληκεγρµνεαδστ

)
+ F3 T

ρ,αβT γ,µνTλ,στAτ εαβγλεµνρσ

+ F4 T
η,αβTκ,γδAηAκεαβγδ

]
.
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A Yang–Mills aside

Field: Aµ a connection

Strength: Fµν = 2D[µAν]

Action:

S ∝
∫

Tr(FµνF
µν)

EOM and Bianchi:

DµF
µν = 0

D[λFµν] = 0

... Or in differential forms
A(1) = Aµ dxµ

F(2) = DA(1)

Action:

S ∝
∫

Tr(F(2) ?F(2))

EOM and Bianchi:

D ?F(2) = 0

DF(2) = 0
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And now, the Relativistic limit!

We shall focus on a sector of a
torsion-free connection, T λ,µν → 0
and Aµ → 0.

It cannot be taken at the action
level.

It should be taken in the field
equations.

It can be consistently
truncated.

Moral
Only the terms of the action linear in
these fields will be relevant, one can
consider the effective action linear
in the torsion’s fields

Effective action

Seff =

∫
d4x

(
C1Rλµ

λ
ν∇ρ + C2Rµρ

λ
λ∇ν

)
T ν,µρ,
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The equations of motion... Some known solutions

General:

∇[ρRµ]ν + κ∇νRµρλλ = 0.

Volume compatible connection

∇[ρRµ]ν = 0.

Equivalent to:

∇λRµνλρ = 0.

Solutions:
Einstein Manifolds

Riemannian products

Conformally flat manifolds

(Special) Warped products

Stephenson–Kilmister–Yang action

SYM =

∫
Tr (R ?R) =

∫ (
Ra

b ?Rb
a

)
.
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Remarks about quantization

The polynomial affine gravity proposed has no explicit terms leading to
three-point graviton vertices

All graviton self-interaction is mediated by the torsion.
Bypass the general postulates supporting the no-go theorems1

I it is proved that generic three-point graviton interactions are highly
constrained by causality and analyticity of the S-matrix, and the only
acceptable structure of the three-point graviton vertices is the one coming
from General Relativity.

1Phys.Rev.D90,084048 & 1407.5597
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Conclusions

We built a polynomial model of an affine theory of gravity.

Its first order perturbations yield a Newtonian limit.

In a torsion-free sector, the effective e.o.m. accept Einstein manifolds as
a solution.

No-go on renormalizability might be bypassed.

Future projections
Coupling matter (scalar so far)

Counting the degrees of freedom (Linearized)

Formal study of “Eddington inverse metric density”

Birkhoff-like theorem.
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