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Introduction

Teleparallel gravity is an alternative theory of gravity known to be
considered equivalent to General Relativity.
The teleparallel formulation of gravity is described by a non-vanishing
torsion =⇒ Riemmanian-Cartan geometry.
Three-dimensional gravity with torsion possesses black hole solutions
(Teleparallel black hole) [M Blagojevic and M. Vasilic (2003)]

The asymptotic symmetry is described by two Virasoro algebras.
[M. Blagojevic and M. Vasilic (2003)]
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Introduction

It can be derived as a particular case of the MB gravity model.

IMB = aI1 + ΛI2 + β3I3 + β4I4

where a,Λ, β3 and β4 are constants and

I1 = 2
∫

eaRa

I2 = −1
3

∫
ϵabceaebec

I3 =
∫
ωadωa + 1

3ϵ
abcωaωbωc

I4 =
∫

eaT a

Ra = dωa + 1
2ϵ

abcωbωc T a = dea + ϵabcωbec
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Introduction

Three-dimensional teleparallel gravity can be obtained by fixing the
parameters (a,Λ, β4) appearing in the MB gravity as

a = 1
16πG Λ = − 1

4πGℓ2 β4 = − 1
8πGℓ

With this choice, the MB action takes the form

ITG = 1
16πG

∫
β̃3L(ω) +

(
2eaRa + 4

3ℓ2 ϵabceaebec − 2
ℓ

eaT a
)

β̃3 ≡ 16πGβ3.
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Chern-Simons gravity with torsion
The teleparallel gravity action can alternatively be obtained as a CS gravity
action invariant under a deformation of the Poincaré algebra:

Teleparallel algebra

[Ja, Jb] = ϵabcJc

[Ja,Pb] = ϵabcPc

[Pa,Pb] = −2
ℓ
ϵabcPc

La ≡ Ja + ℓ

2Pa , Sa ≡ − ℓ

2Pa

[La, Lb] = ϵabcLc

[Sa,Sb] = ϵabcSc
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Chern-Simons gravity with torsion
The gauge field connection one-form A for the teleparallel algebra reads

A = ωaJa + eaPa

The corresponding curvature two-form F = dA + 1
2 [A,A] is given by

F = RaJa + T̂ aPa

with

Ra = dωa + 1
2ϵ

abcωbωc

T̂ a = T a − 1
ℓ
ϵabcebec

where T a is the usual torsion two-form. The teleparallel algebra admits the
following invariant tensor

⟨JaJb⟩ = α0 ηab ⟨JaPb⟩ = α1 ηab ⟨PaPb⟩ = −2α1
ℓ
ηab

Here α0 and α1 are arbitrary constants which are related to the so (2, 1)
constants through α0 = µ+ µ̃ and α1 = − (2µ̃) /ℓ.
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Chern-Simons gravity with torsion

Considering the non-vanishing components of the invariant tensor and the
gauge potential one-form in the general definition of the CS action

ICS[A] = k
4π

∫
M

⟨AdA + 2
3A3⟩

we get

ITG = 1
16πG

∫
M
α0L(ω) + α1

(
2Raea + 4

3ℓ2 ϵ
abceaebec − 2

ℓ
T aea

)

The first term is the gravitational CS term with coupling constant α0. The
second term proportional to the constant α1 contains the usual Einstein-
Hilbert Lagrangian, a cosmological constant term and a torsional CS term.
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Chern-Simons gravity with torsion
The corresponding equations of motion are given by

δea : 0 = α1

(
Ra − 2

ℓ
T̂a

)
δωa : 0 = α0Ra + α1T̂a

Since α1 ̸= 0 and α0 ̸= − ℓ
2α1, the above equations reduce to the vanishing

of the curvature two-forms

Ra = 0

T a − 1
ℓ
ϵabcebec = 0

These field equations are geometrically dual to the AdS ones characterized
by a Riemannian spacetime. Here, the CS gravity action describes a non-
Riemannian geometry with a vanishing curvature and non-vanishing torsion
T a ̸= 0.
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Minimal supersymmetric extension of gravity with torsion

Teleparallel superalgebra

[Ja, Jb] = ϵabcJc

[Ja,Pb] = ϵabcPc

[Pa,Pb] = −2
ℓ
ϵabcPc

[Ja,Qα] = −1
2 (γa) β

α Qβ

{Qα,Qβ} = − (γaC)αβ

(2
ℓ

Ja + Pa

)

ℓ → ∞ =⇒ Poincaré superalgebra
[R.Caroca, P.Concha, D.Peñafiel, E.Rodŕıguez (2021)]
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Minimal supersymmetric extension of gravity with torsion
This superalgebra can be written as the osp (2|1) ⊗ sp (2) superalgebra by
considering the following identification of the generators

La ≡ Ja + ℓ

2Pa Sa ≡ − ℓ

2Pa Gα ≡

√
ℓ

2Qα

where {La,Gα} satisfy the osp (2|1) superalgebra, while Sa are sp (2) gene-
rators,

[La, Lb] = ϵabcLc

[Sa,Sb] = ϵabcSc

[La,Gα] = −1
2 (γa) β

α Gα

{Gα,Gβ} = − (γaC)αβ La

Although the teleparallel superalgebra is isomorphic to the osp (2|1)⊗sp (2)
one, they have noticeable differences at the dynamics and geometric level.
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Minimal supersymmetric extension of gravity with torsion

The gauge field connection one-form for the teleparallel superalgebra reads

A = ωaJa + eaPa + ψ̄Q

The corresponding curvature two-form is

F = RaJa + T aPa + ∇ψ̄Q

where

Ra = Ra + 1
ℓ
ψ̄γaψ

T a = T̂ a + 1
2 ψ̄γ

aψ

∇ψ = dψ + 1
2ω

aγaψ

In particular, ∇ψ defines the covariant derivative of the gravitino.
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Minimal supersymmetric extension of gravity with torsion

The teleparallel superalgebra admits the following invariant tensor,

⟨JaJb⟩ = α0 ηab

⟨JaPb⟩ = α1 ηab

⟨PaPb⟩ = −2α1
ℓ
ηab

⟨Qα,Qβ⟩ = 2
(2α0

ℓ
+ α1

)
Cαβ

where α0 and α1 are arbitrary constants. Then, the action reads

ITSG = 1
16πG

∫
M
α0

(
ωadωa + 1

3ϵ
abcωaωbωc − 4

ℓ
ψ̄∇ψ

)
+α1

(
2Raea + 4

3ℓ2 ϵ
abceaebec − 2

ℓ
T aea − 2ψ̄∇ψ

)
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Minimal supersymmetric extension of gravity with torsion
The corresponding field equations read

δea : 0 = α1

(
Ra − 2

ℓ
Ta

)
δωa : 0 = α0Ra + α1Ta

δψ̄ : 0 = 2α0
ℓ

∇ψ + α1∇ψ

The non-degeneracy of the invariant tensor requires α1 ̸= 0 and α0 ̸= − ℓ
2α1

which implies that the equations of motion are given by the vanishing of the
curvature two-forms. In particular, this theory corresponds to a supersym-
metric extension of the teleparallel gravity being characterized by a non-
vanishing super-torsion

T a + 1
2 ψ̄γ

aψ = 1
ℓ
ϵabcebec

Evelyn Rodŕıguez (UTalca) Sugravity and Holography Workshop 2021 December 14, 2021 16 / 47



Further developments

The results presented here could serve as a starting point for diverse further
studies:

To study appropriate boundary conditions to our teleparallel
supergravity theory and analyze its boundary dynamics. One could
expect to obtain a superconformal structure.

To explore the non-relativistic counterpart of the teleparallel
(super)gravity theory. To study the role of torsion in a non-relativistic
environment.

To explore a Maxwellian version of the teleparallel gravity.
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Non-relativistic gravity with torsion

There has been a renewed interest in non-relativistic (NR) theories
due to their utilities to approach strongly coupled condensed matter
systems as well as NR effective field theories.
A NR theory can be obtained by a suitable limiting process from a
relativistic theory.
In particular, through this talk, the NR limit corresponds to the limit
in which c → ∞.

Evelyn Rodŕıguez (UTalca) Sugravity and Holography Workshop 2021 December 14, 2021 19 / 47



Non-relativistic gravity with torsion
In the limit c → ∞ there might appear infinities in the expansion of
the original Lagrangian =⇒ enlargement of the field content
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U(1)-enlargements

A torsional NR algebra can be obtained by applying the NR limit to a
particular U (1)-enlargement of the teleparallel algebra. To this end, we
introduced two extra U (1) gauge fields to the field content

A = W AJA + EAPA + MY1 + SY2

The extra generators yield the following non-vanishing invariant tensors

⟨Y2Y2⟩ = α0 ⟨Y1Y2⟩ = α1 ⟨Y1Y1⟩ = −2α1
ℓ

The relativistic CS action based on the [teleparallel]⊕u (1)2 algebra is

IR = 1
16πG

∫
M
α0

(
W AdWA + 1

3ϵ
ABCWAWBWC + SdS

)
+ α1

(
2EARA (W ) + 4

3ℓ2 ϵ
ABCEAEBEC − 2

ℓ
T AEA + 2MdS − 2

ℓ
MdM

)
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Torsional NR gravity theory
The NR counterpart of the relativistic [teleparallel]⊕u (1)2 algebra can be
derived through an Inönü-Wigner procedure . To this end, we shall first
consider the decomposition of the A index as follows:

A → (0, a) a = 1, 2

Then, we will introduce a dimensionless parameter ξ which will allows us to
identify the relativistic generators in terms of the NR ones (denoted with a
tilde) as:

J0 = J̃
2 + ξ2S̃ Ja = ξG̃a Y2 = J̃

2 − ξ2S̃

P0 = H̃
2ξ + ξM̃ Pa = P̃a Y1 = H̃

2ξ − ξM̃

Furthermore, in order to ensure a finite NR symmetry after the contraction
process we shall consider the following scaling of the length parameter,

ℓ → ξℓ
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Torsional NR gravity theory
Then, considering the previous identification and the limit ξ → ∞ in the
relativistic commutation relations, we obtain a novel NR symmetry span-
ned by the set of generators {J̃ , G̃a, H̃, P̃a, S̃,M̃} which satisfy the following
commutators: [P. Concha, L. Ravera, E. Rodŕıguez (2021)][

J̃ , G̃a
]

= ϵabG̃b
[
G̃a, G̃b

]
= −ϵabS̃

[
H̃, G̃a

]
= ϵabP̃b[

J̃ , P̃a
]

= ϵabP̃b
[
G̃a, P̃b

]
= −ϵabM̃

[
H̃, P̃a

]
= −2

ℓ
ϵabP̃b[

P̃a, P̃b
]

= 2
ℓ
ϵabM̃

ℓ → ∞ =⇒ Extended Bargmann algebra
It can be written as two copies of the Nappi-Witten algebra[

J̃±, G̃±
a

]
= ϵabG̃±

b[
G̃±

a , G̃±
b

]
= −ϵabS̃±
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Torsional NR gravity theory

The torsional NR algebra admits a non-degenerate invariant bilinear trace〈
J̃ S̃

〉
= −α̃0〈

G̃aG̃b
〉

= α̃0δab〈
G̃aP̃b

〉
= α̃1δab〈

H̃S̃
〉

=
〈
M̃J̃

〉
= −α̃1〈

P̃aP̃b
〉

= −2α̃1
ℓ
δab〈

H̃M̃
〉

= 2α̃1
ℓ

where the relativistic parameters α’s have been rescaled as

α0 = α̃0ξ
2 α1 = α̃1ξ
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Torsional NR gravity theory
The gauge connection one-form for the torsional NR algebra reads

Ã = ωJ̃ + ωaG̃a + τ H̃ + eaP̃a + mM̃ + sS̃

The curvature associated to this gauge connection is given by

F̃ = R(ω)J̃ + Ra(ωb)G̃a + R(τ)H̃ + Ra(eb)P̃a + R(m)M̃ + R(s)S̃

where

R(ω) = dω
Ra(ωb) = dωa + ϵacωωc

R(τ) = dτ

Ra(eb) = dea + ϵacωec + ϵacτωc − 2
ℓ
ϵacτec

R(m) = dm + ϵaceaωc − 1
ℓ
ϵaceaec

R(s) = ds + 1
2ϵ

acωaωc
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Torsional NR gravity theory

The CS action based on the torsional NR algebra is:

INR =
∫
α̃0

[
ωaRa(ωb) − 2sR (ω)

]
+ α̃1

[
2eaRa(ωb) − 2mR(ω) − 2τR(s)

− 2
ℓ

eaRa
(
eb

)
+ 2
ℓ

mR (τ) + 2
ℓ
τR (m) + 2

ℓ2
τϵaceaec

]
In this torsional NR gravity theory, the cosmological constant can be seen
as a source for the spatial torsion T a

(
eb

)
= dea + ϵacωec + ϵacτωc and

for the curvature T (m) = dm + ϵaceaωc . Indeed, on-shell we find

T a
(
eb

)
= 2

ℓ
ϵacτec

T (m) = 1
ℓ
ϵaceaec

ℓ → ∞ =⇒ Extended Bargmann gravity
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Torsional NR gravity theory

The NR gravity action can be alternatively recovered from the relativistic
U (1)-enlarged teleparallel CS action. Indeed, one can express the relativistic
gauge fields in terms of the NR ones as follows

W 0 = ω + s
2ξ2 W a = ωa

ξ
S = ω − s

2ξ2 ,

E 0 = ξτ + m
2ξ E a = ea M = ξτ − m

2ξ

which satisfy A = Ã. The NR CS action appears considering these last
expressions along the rescaling of the relativistic parameters α0 and α1 on
the relativistic CS action and then applying the limit ξ → ∞.
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Non-relativistic CS Supergravity with torsion

The formulation of NR supergravity theories has only been approached re-
cently and remains as a challenging task mainly motivated by the diverse
applications of these models in the context of holography and relativistic
field theory. One way to circumvent the difficulty to establish a well-defined
NR limit in presence of supersymmetry is through the Lie algebra expansion
method which allows to recover the respective NR version of a Lie (su-
per)algebra.

A torsional NR superalgebra can be obtained by applying the S-expansion
method to the N = 2 teleparallel superalgebra.

The S-expansion will also provide us with a non-degenerate invariant
tensor and therefore be able to produce a well-defined torsional NR
CS supergravity action which can be seen as the corresponding NR
counterpart of the N = 2 teleparallel supergravity action.
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Torsional non-relativistic superalgebra
The N = 2 teleparallel superalgebra is spanned by the generators
(JA,PA,Z ,Qi

α).
In order to have a well-defined flat limit ℓ → ∞, we performed the
redefinition T = Z − ℓ

2S.[
JA,Qi

α

]
= −1

2 (γA) β
α Qi

β[
T ,Qi

α

]
= −ϵijQj

α{
Qi

α,Q
j
β

}
= −δij

(
γAC

)
αβ

(
PA + 2

ℓ
JA

)
+ Cαβϵ

ij
(2
ℓ

T + S
)

The N = 2 teleparallel superalgebra is endowed with the following
non-vanishing components of the (non-degenerate) invariant tensor:

⟨T T ⟩ = −2α0 ⟨T S⟩ = −2α1

⟨SS⟩ = 4α1
ℓ

⟨Qi
αQj

β⟩ = 2
(2α0

ℓ
+ α1

)
Cαβδ

ij
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Torsional non-relativistic superalgebra

We first proceed as before considering the decomposition of the A index as
A → (0, a) . Besides, we perform a redefinition of the supercharges by
defining

Q±
α = 1√

2

(
Q1

α ±
(
γ0

)
αβ

Q2
β

)
Then, we consider S(2)

E = {λ0, λ1, λ2, λ3} as the relevant semigroup

λ3 λ3 λ3 λ3 λ3
λ2 λ2 λ3 λ3 λ3
λ1 λ1 λ2 λ3 λ3
λ0 λ0 λ1 λ2 λ3

λ0 λ1 λ2 λ3

where λ3 = 0s is the zero element of the semigroup such that 0sλk = 0s ,
k = 0, 1, 2, 3.
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Torsional NR superalgebra

Before applying the S-expansion procedure, we consider the following subs-
pace decomposition: V0 = {J0,P0, T ,S,Q+

α } and V1 = {Ja,Pa,Q−
α },

which satisfies

[V0,V0] ⊂ V0 [V0,V1] ⊂ V1 [V1,V1] ⊂ V0

Let us consider now S(2)
E = S0 ∪ S1 as decomposition of the relevant semi-

group S(2)
E , where

S0 = {λ0, λ2, λ3}
S1 = {λ1, λ3}

This decomposition is said to be resonant since it satisfies the same structure
as the subspaces, that is

S0 · S0 ⊂ S0 S0 · S1 ⊂ S1 S1 · S1 ⊂ S0
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Torsional NR superalgebra

After extracting a resonant subalgebra of the S(2)
E -expansion of the N = 2

teleparallel superalgebra and applying a 0s -reduction, one ends up with a
new NR expanded superalgebra spanned by the set of generators

{J̃ , G̃a, S̃, H̃, P̃a, M̃, T̃1, T̃2, Ũ1, Ũ2, Q̃+
α , R̃α, Q̃−

α }

which are related to the relativistic ones through the semigroup elements as

λ3
λ2 S̃, M̃, T̃2, Ũ2, R̃α

λ1 G̃a, P̃a, Q̃−
α

λ0 J̃ , H̃, T̃1, Ũ1, Q̃+
α

J0, P0, T , S, Q+
α Ja, Pa, Q−

α
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Torsional NR superalgebra

The NR generators satisfy precisely the purely bosonic subalgebra along with
the following (anti-)commutation relations:[

J̃ , Q̃±
α

]
= −1

2 (γ0) β
α Q̃±

β

[
J̃ , R̃α

]
= −1

2 (γ0) β
α R̃β

[
S̃, Q̃+

α

]
= −1

2 (γ0) β
α R̃β[

G̃a, Q̃+
α

]
= −1

2 (γa) β
α Q̃−

β

[
G̃a, Q̃−

α

]
= −1

2 (γa) β
α R̃β[

T̃1, Q̃±
α

]
= ±

(
γ0)

αβ
Q̃±

β ,
[
T̃2, Q̃+

α

]
=

(
γ0)

αβ
R̃β

[
T̃1, R̃α

]
=

(
γ0)

αβ
R̃β{

Q̃+
α , Q̃+

β

}
= −

(
γ0C

)
αβ

(
H̃ + 2

ℓ
J̃
)

−
(
γ0C

)
αβ

(2
ℓ

T̃1 + Ũ1

)
,{

Q̃−
α , Q̃−

β

}
= −

(
γ0C

)
αβ

(
M̃ + 2

ℓ
S̃

)
+

(
γ0C

)
αβ

(2
ℓ

T̃2 + Ũ2

)
{

Q̃+
α , R̃β

}
= −

(
γ0C

)
αβ

(
M̃ + 2

ℓ
S̃

)
−

(
γ0C

)
αβ

(2
ℓ

T̃2 + Ũ2

)
{

Q̃+
α , Q̃−

β

}
= − (γaC)αβ

(
P̃a + 2

ℓ
G̃a

)
ℓ → ∞ =⇒ Extended Bargmann superalgebra
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Torsional NR supergravity action
The gauge connection one-form for the torsional NR superalgebra reads

Ã = ωJ̃ + ωaG̃a + τ H̃ + eaP̃a + mM̃ + sS̃ + t1T̃1 + t2T̃2 + u1Ũ1

+u2Ũ2 + ψ̄+Q̃+ + ψ̄−Q̃− + ρ̄R̃

The non-vanishing components of the invariant tensor for the NR teleparallel
superalgebra are

⟨T̃1T̃2⟩ = −2α̃0

⟨T̃1Ũ2⟩ = ⟨T̃2Ũ1⟩ = −2α̃1

⟨Ũ1Ũ2⟩ = 4α̃1
ℓ

⟨Q+
α Rβ⟩ = 2

(2α̃0
ℓ

+ α̃1

)
Cαβ

⟨Q−
α Q−

β ⟩ = 2
(2α̃0

ℓ
+ α̃1

)
Cαβ
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Torsional NR supergravity action

The NR supergravity action is

Isuper
NR = k

4π

∫
α̃0

[
ωaRa(ωb) − 2sR (ω) − 4t1dt2 − 4

ℓ
ψ̄+∇ρ− 4

ℓ
ρ̄∇ψ+ − 4

ℓ
ψ̄−∇ψ−

]
+α̃1

[
2eaRa(ωb) − 2mR(ω) − 2τR(s) − 2

ℓ
eaRa (

eb)
+ 2
ℓ

mR (τ) + 2
ℓ
τR (m)

+ 2
ℓ2 τϵ

aceaec − 4t1du2 − 4t2du1 + 8
ℓ

u1du2 − 2ψ̄+∇ρ− 2ρ̄∇ψ+ − 2ψ̄−∇ψ−
]

where the fermionic field-strenghts are

∇ψ+ = dψ+ + 1
2ωγ0ψ

+ + t1γ0ψ
+

∇ψ− = dψ− + 1
2ωγ0ψ

− + 1
2ω

aγaψ
+ − t1γ0ψ

−

∇ρ = dρ+ 1
2ωγ0ρ+ 1

2 sγ0ψ
+ + 1

2ω
aγaψ

− + t2γ0ψ
+ + t1γ0ρ

ℓ → ∞ =⇒ most general extended Bargmann supergravity
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Torsional NR supergravity action

Analogously to the bosonic case the cosmological constant can be seen as
a source for the spatial super-torsion T̂ a

(
eb

)
= dea + ϵacωec + ϵacτωc +

ψ̄+γaψ− and for the curvature T̂ (m) = dm+ϵaceaωc + 1
2 ψ̄

−γ0ψ−+ψ̄+γ0ρ.
In particular, on-shell we have

T̂ a
(
eb

)
= 2
ℓ
ϵacτec

T̂ (m) = 1
ℓ
ϵaceaec
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Maxwell CS gravity

A particular extension and deformation of the Poincaré algebra is given by
the Maxwell algebra, which is characterized by the non-vanishing commu-
tator of the translational generator Pa:

[Pa,Pb] = ϵabcZ c

Three-dimensional gravity based on this symmetry describes (as Poincaré)
a Riemannian and locally flat geometry. However, the presence of an ad-
ditional gauge field in the Maxwell case leads to new effects compared to
GR. In particular, the gravitational Maxwell gauge field modifies not only
the vacuum energy and angular momentum of the stationary configuration
but also the asymptotic structure.
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Maxwell CS gravity with torsion
Using the CS formalism, we presented the three-dimensional gravity theory
based on a particular deformation of the Maxwell algebra. The deformed
Maxwell algebra is spanned by the generators {Ja,Pa,Za}, which satisfy
the following non-vanishing commutation relations [P. Concha, H.Safari (2019); H. Adami,

P. Concha, E. Rodŕıguez, H. Safari (2020)]

Deformed Maxwell algebra

[Ja, Jb] = ϵabcJc

[Ja,Pb] = ϵabcPc

[Ja,Zb] = ϵabcZ c

[Pa,Pb] = ϵabc(Z c − 2
ℓ

Pc)

ℓ → ∞ =⇒ Maxwell algebra
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Maxwell CS gravity with torsion
Considering the following redefinition of the generators

La ≡ Ja + ℓ

2Pa − ℓ2

4 Za

Sa ≡ − ℓ

2Pa + ℓ2

4 Za

Ta ≡ ℓ

2 Za

the deformed Maxwell algebra can be rewritten as

[La, Lb] = ϵabcLc

[La,Tb] = ϵabcT c

[Sa,Sb] = ϵabcSc

The motivation to use the basis {Ja,Pa,Za} is twofold. First, it allows us
to recover the Maxwell CS gravity theory in a particular limit. Second, it
reproduces the Maxwell field equations with a non-vanishing torsion.
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Maxwell CS gravity with torsion

The gauge connection one-form A for the deformed Maxwell algebra reads

A = eaPa + ωaJa + f aZa

The associated field strength can be written as

F = T̂ aPa + RaJa + W aZa

where

Ra = dωa + 1
2ϵ

abcωbωc

T̂ a = T a − 1
ℓ
ϵabcebec

W a = Df a + 1
2ϵ

abcebec
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Maxwell CS gravity with torsion

The non-degenerate bilinear form of the deformed Maxwell algebra reads

⟨JaJb⟩ = α0ηab, ⟨PaPb⟩ = (−2α1
ℓ

+ α2)ηab,

⟨JaPb⟩ = α1ηab, ⟨PaZb⟩ = 0,
⟨JaZb⟩ = α2ηab, ⟨ZaZb⟩ = 0,

where α0, α1 and α2 are arbitrary constants.
The CS gravity action invariant under the deformed Maxwell algebra reads

IDefMax = k
4π

∫
M
α0L(ω) + α1

(
2Raea + 4

3ℓ2 ϵ
abceaebec − 2

ℓ
T aea

)
+ α2

(
T aea + 2Rafa − 2

3ℓϵ
abceaebec

)
ℓ → ∞ =⇒ Maxwell CS gravity theory

Evelyn Rodŕıguez (UTalca) Sugravity and Holography Workshop 2021 December 14, 2021 42 / 47



Maxwell CS gravity with torsion
When α2 ̸= 0 the e.o.m are given by the vanishing of the curvature two-
forms

Ra = 0 T̂ a = 0 W a = 0
The first two equations are those corresponding to the three-dimensional
teleparallel gravity theory, in which the cosmological constant can be seen
as a source for the torsion

T a − 1
ℓ
ϵabcebec = 0

In the flat limit ℓ → ∞ the field equation for fa remains untouched and is
analogue to the constancy of the electromagnetic field in flat spacetime

dωa + 1
2ϵ

abcωbωc = 0

T a = 0

Df a + 1
2ϵ

abcebec = 0
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Maxwell CS gravity with torsion
By considering suitable boundary conditions, we found the following asym-
ptotic symmetry algebra for the Maxwell CS gravity with torsion:
[H. Adami, P. Concha, E. Rodŕıguez, H. Safari (2020)]

i {Jm, Jn} = (m − n) Jm+n + c1
12m3δm+n,0

i {Jm,Pn} = (m − n) Pm+n + c2
12m3δm+n,0

i {Jm,Mn} = (m − n) Mm+n + c3
12m3δm+n,0

i {Pm,Pn} = (m − n) Mm+n − 2
ℓ

(m − n) Pm+n + 1
12

(
−2c2

ℓ
+ c3

)
m3δm+n,0

i {Pm,Mn} = 0
i {Mm,Mn} = 0

This algebra corresponds to an infinite-dimensional lift of the deformed Max-
well algebra

ℓ → ∞ =⇒ deformed bms3 algebra
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Comments and further developments

Now that we have seen how to include a non-vanishing torsion in a CS
(super)gravity theory, it would be interesting to go further.

It would be interesting to study appropriate boundary conditions to the
teleparallel (super)gravity theory and analyze its boundary dynamics.
One could expect to obtain a (super)conformal structure.

Another aspect that deserves further investigation is the Maxwellian
version of the teleparallel supergravity.

The study of the black hole solution and thermodynamics of the Max-
wellian teleparallel gravity could bring valuable information about the
physical implications of a non-vanishing torsion in Maxwell gravity
theory.
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Thank you!
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