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Introduction
Why torsion theories?

Sciama (1962) and Kibble (1961)

@ Poincaré gauge invariance — Naturally defined spin fields
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Introduction
Why torsion theories?

Sciama (1962) and Kibble (1961)

@ Poincaré gauge invariance — Naturally defined spin fields

@ More degrees of freedom — New possibilities to explain open
problems in Cosmology
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General connections

An arbitrary connection has D? degrees of freedom in D
dimensions:
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General connections

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

D?(D-1)
2

° in the antisymmetric part (torsion):

P _ P P
TMV:F“V—FW.
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General connections

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

D?(D-1)
2

° in the antisymmetric part (torsion):

P P p
TIJ'V = rIJ,V - rv‘u .
2 . -
° w in the non-metricity tensor:

quv = Vpguv .
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General connections

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

D?(D-1)
2

° in the antisymmetric part (torsion):

P _ P P
TMV:F“V—FW.

2 . -
° w in the non-metricity tensor:

quv = Vpguv .

@ Remark: A different connection does not always lead to
different phenomenology (e.g. Teleparallel Gravity).
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Properties of the theories with torsion

o Gauge theory of the Poincaré Group.
o Metricity
Vpguy =0

@ Non symmetric connection
Thy=Thy—Thu #0
@ Relation between the connection and the Levi-Civita one
(=T K

where

1
K =5 (T + T = Thy)
Decomposition of the torsion tensor

1 1
Tuvp =73 (Tv&up — Trguv) — gEAVp656+ ;

where
Tu= Ty, S* =€l Tpov, qhp st quy =0and e gpey =0
—

Axial vector
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@ Introduction

e Motivation for infinite derivative gravity (IDG)
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Why infinite derivative theories?

@ Modification at the UV level — Compatible with current
experimental data.
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Why infinite derivative theories?

@ Modification at the UV level — Compatible with current
experimental data.

@ Infinite derivatives — Can be made ghost and singularity free.
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IDG with torsion

Most general IDG quadratic action with torsion

A. Cruz-Dombriz, FIMT, A. Mazumdar: 1812.04037. Phys. Rev.
D, April 20109.

B _
H1V1p101 V202 O
5 + R,U1V1P161 ﬁuzvzpzﬁz R#2V2P202

S = /d4x\/—7g

D H1V1p101 V. H1Vip1 V.
+Rﬂ1V1P101 ﬁuzvzpz KHavzp2 + Kﬂl Vip1 ﬁuzvng K* 2P2]
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IDG with torsion

Physical motivation

@ Non-local terms — Effective theory with quantum effects..
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IDG with torsion

Physical motivation

@ Non-local terms — Effective theory with quantum effects..

@ Torsion — From the Palatini formalism.
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IDG with torsion

Linearised action

8uv = Nuv + hyuv,

I:’:LV = r’itv + Kfzv’

where K ~ O(h). Then

Sq= —/d4X\/—7g(iﬂM + LT +Z71) = Sm+ SmT + ST
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IDG with torsion

Linearised action components

Lur

L7

+ 4+ + +

1
5 huv0a (0) B + b b (D) dadoh + he (1) Judy b

%hljd(lil)h—f— h’“’@&calaﬂavhﬂv,

hOu (D) 9pKPy + huyva (0) 949V dp KPy
h“v Vo (I:I) avao-ap K”GP + huvDW(D) ap KP[JV7

K“Glpl (D)K,LLO')LJFKMG)'I&(D)K 7LO'+K pP3 (D)Kuo-
Kypa1 () dudsK°*P +KYp a2 (0) duds KPY
ﬂp"q3(D)aPaG “vc+vaq4(D)aPac KHoY

KH® g5 (0) 9y K + K% g6 (0) duda KOH*

K,1 Ps(0)dy9pdeds KM,
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Simplified action

Lt =0,

Lr = S,0N(0)S* — 5,5 (D) %9, S",

where ¥ (0) = g1 (O) — g2 (0) — g3 (0) + g4 (0), and
AO) =3(p (B) + p2(0)) + X (O).
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© Linear IDG with axial torsion
@ Ghost-free conditions
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Ghost-free conditions for the torsion sector

Performing variations with respect to the axial torsion
OA(O)S* - (0) "9, SY =0.
Calculating the propagator and eliminating the scalar mode we find

AO) =z (0) =P
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© Linear IDG with axial torsion

@ Solving the torsion singularities
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Solving the field equations for a delta ring source

OePOISH = A45(2) 8 (x> +y* — R?).
Assuming B(0) = —[/M? one can see that

SH(p) = — A [ aElo (~RE)Io (~Ep) Erfe(& /M)
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Resolution of the singularity
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Conclusions

Conclusions

@ Presentation of a new theory of gravity, as an ultra violet
extension of Poincaré Gauge Gravity.

@ It is possible to find solutions.

@ These solutions can be made ghost and singularity free in the
torsion sector.
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