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Introduction
Why torsion theories?

Sciama (1962) and Kibble (1961)

Poincaré gauge invariance −→ Naturally de�ned spin �elds

More degrees of freedom −→ New possibilities to explain open

problems in Cosmology
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General connections

An arbitrary connection has D3 degrees of freedom in D
dimensions:

D2(D−1)
2

in the antisymmetric part (torsion):

T
ρ

µν ≡ Γ
ρ

µν −Γ
ρ

νµ .

D2(D+1)
2

in the non-metricity tensor:

Qρµν = ∇ρgµν .

Remark: A di�erent connection does not always lead to

di�erent phenomenology (e.g. Teleparallel Gravity).
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Properties of the theories with torsion

Decomposition of the torsion tensor

Tµνρ =
1

3

(
Tνgµρ −Tµgµν

)
− 1

6
εµνρσS

σ +qµνρ ,

where

Tµ = T ν
µν︸ ︷︷ ︸

Trace

, Sµ = ε
ρσνµTρσν︸ ︷︷ ︸

Axial vector

, q
µ

νρ s.t. qν
µν = 0 and ε

ρσνµqρσν = 0︸ ︷︷ ︸
Tensor
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Why in�nite derivative theories?

Modi�cation at the UV level −→ Compatible with current

experimental data.

In�nite derivatives −→ Can be made ghost and singularity free.
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Most general IDG quadratic action with torsion

A. Cruz-Dombriz, FJMT, A. Mazumdar: 1812.04037. Phys. Rev.

D, April 2019.

S =
∫

d4x
√
−g

[
R̃

2
+ R̃µ1ν1ρ1σ1O

µ1ν1ρ1σ1
µ2ν2ρ2σ2

R̃µ2ν2ρ2σ2

+R̃µ1ν1ρ1σ1O
µ1ν1ρ1σ1
µ2ν2ρ2

K µ2ν2ρ2 +Kµ1ν1ρ1O
µ1ν1ρ1
µ2ν2ρ2

K µ2ν2ρ2

]
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Physical motivation

Non-local terms −→ E�ective theory with quantum e�ects..

Torsion −→ From the Palatini formalism.
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Linearised action

gµν = ηµν +hµν ,

Γ̃
ρ

µν = Γ
ρ

µν +K
ρ

µν ,

where K ∼O(h). Then

Sq =−
∫

d4x
√
−g (LM +LMT +LT ) = SM +SMT +ST
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Linearised action components

LM =
1

2
hµν�a (�)hµν +h α

µ b (�)∂α ∂σh
σ µ +hc (�)∂µ ∂νh

µν

+
1

2
h�d (�)h+hλσ f (�)

�
∂σ ∂λ ∂µ ∂νh

µν ,

LMT = h�u (�)∂ρK
ρσ

σ +hµνv1 (�)∂
µ

∂
ν

∂ρK
ρσ

σ

+ hµνv2 (�)∂
ν

∂σ ∂ρK
µσρ +hµν�w (�)∂ρK

ρµν ,

LT = K µσλp1 (�)Kµσλ +K µσλp2 (�)Kµλσ +K
ρ

µ ρp3 (�)K
µσ
σ

+ K
µ

νρq1 (�)∂µ ∂σK
σνρ +K

µ

νρq2 (�)∂µ ∂σK
σρν

+ K
ρ

µ νq3 (�)∂ρ ∂σK
µνσ +K

ρ

µ νq4 (�)∂ρ ∂σK
µσν

+ K
µρ

ρ q5 (�)∂µ ∂νK
νσ
σ +Kλ

λσ
q6 (�)∂µ ∂αK

σ µα

+ K
νρ

µ s (�)∂ν ∂ρ ∂α ∂σK
µασ ,
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Solving the torsion singularities

Simpli�ed action

LMT = 0,

LT = Sµ�Λ(�)Sµ −Sµ Σ(�)∂
µ

∂νS
ν ,

where Σ(�) = q1 (�)−q2 (�)−q3 (�) +q4 (�), and
Λ(�) = 3(p1 (�) +p2 (�)) + Σ(�).
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Ghost-free conditions for the torsion sector

Performing variations with respect to the axial torsion

�Λ(�)Sµ −Σ(�)∂
µ

∂νS
ν = 0.

Calculating the propagator and eliminating the scalar mode we �nd

Λ(�) = Σ(�) = eβ(�)
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Ghost-free conditions
Solving the torsion singularities

Solving the �eld equations for a delta ring source

�eβ(�)Sµ = Aµ
δ (z)δ

(
x2 + y2−R2

)
.

Assuming β (�) =−�/M2
s one can see that

Sµ (ρ) =−1

4
Aµ

∫
∞

0
dξ J0 (−Rξ )J0 (−ξ ρ)Erfc(ξ/Ms)
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Resolution of the singularity

Local gravity

Torsion IDG
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Conclusions

Presentation of a new theory of gravity, as an ultra violet

extension of Poincaré Gauge Gravity.

It is possible to �nd solutions.

These solutions can be made ghost and singularity free in the

torsion sector.
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