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1. Teleparallelism
• Teleparallel Geometry
• Symmetry
• Teleparallale Gravity

2. Black Holes in f(T,B, ) teleparallel gravity
• Born-Infeld f(T)-gravity
• Teleparallel perturbations of GR
• Scalar-Torsion gravity

3. Conclusion and Outlook
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μdxμ
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μθb

ν, ηab = diag( − , + , + , + )
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Without loss of generality one can always work with the pair , called Weitzenböck gauge.(θa
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ν

Weitzenböck gauge

Symmetries on a manifold M

[Hohmann, Jarv, Krssak, CP 2019]
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Teleparallel Killing equations:
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b) ⇒ ωa
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∂φ

∙ Xx = sin φ∂ϑ +
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∙  No extra derivative terms ⇒ Field eq. second order
∙  Field equations decay into symmetric and antisymmetric parts 
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The torsion scalars and the torsion scalar

Tvec = 𝔳μ𝔳μ, Tax = 𝔞μ𝔞μ, Tten = 𝔱μνρ𝔱μνρ

𝔳μ = Tρ
ρμ, 𝔞μ = 1

6 ϵμνρσTνρσ, 𝔱μνρ = T(μν)ρ+ 1
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Teleparallel theories of gravity S[θ] = ∫ d4x |θ | f(Tσ
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∙  No extra derivative terms ⇒ Field eq. second order
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ϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ, X)
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C3 cos ϑ C4 cos ϑ −C5 sin ϑ C6 sin2 ϑ
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E[tr] = 0 ⇔ C3C5( f′�T + f′ �B) = 0
E[ϑφ] = 0 ⇔ C1C6( f′�T + f′ �B) = 0
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0 C4 cos ϑ −rξ sin ϑ 0
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Teleparallel Killing equations:
(ℒXθ)a
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b = 0

[Hohmann, Jarv, Krssak, CP 2019]
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Teleparallel Killing equations:
(ℒXθ)a

μ = − λa
bθb

μ, (ℒXω)a
bμ = ∂μλa

b = 0

[Hohmann, Jarv, Krssak, CP 2019]

S[θ] = ∫ d4x |θ | f(T, B, Φ, X) , X = 1
2 ∂μΦ∂μΦ, T = TEGR

E[tr] = 0 ⇔ C3C5( f′�T + f′ �B) = 0
E[ϑφ] = 0 ⇔ C1C6( f′�T + f′ �B) = 0

∙ C1 = 0 = C5,  coordinate choices C4 = 0, C6 = χr (χ = ± 1)

θa
±μ =

0 iC2 0 0
iC3 sin ϑ cos φ 0 −rχ sin φ −rχ sin ϑ cos ϑ cos φ
iC3 sin ϑ sin φ 0 rχ cos φ rχ sin ϑ cos ϑ sin φ

iC3 cos ϑ 0 0 rχ sin2 ϑ

∙ C3 = 0 = C6 coordinate choices C2 = 0, C5 = ξr (ξ = ± 1)

θa
±μ =

C1 0 0 0
0 C4 sin ϑ cos φ rξ cos ϑ cos φ −rξ sin ϑsinφ
0 C4 sin ϑ sin φ rξ cos ϑ sin φ rξ sin ϑ cos φ
0 C4 cos ϑ −rξ sin ϑ 0

∙  setting f′�T = f′�B = 0 yields TEGR or f(R)
g = A2dt2 − B2dr2 − r2(dϑ2 + sin2ϑdφ2)
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1. Teleparallelism
• Teleparallel Geometry
• Symmetry
• Teleparallale Gravity

2. Black Holes in f(T,B, ) teleparallel gravity
• Born-Infeld f(T)-gravity
• Teleparallel perturbations of GR
• Scalar-Torsion gravity

3. Conclusion and Outlook

ϕ
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Geometric fields
,    and , Torsion θa
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bμ Γρ
μν Tσ
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νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022



57

Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
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μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

  f = ̂λ ( 1+ T
̂λ
− 1)

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

f = ̂λ ( 1+ T
̂λ
− 1)

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

f = ̂λ ( 1+ T
̂λ
− 1)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
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μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
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νρ = ea
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ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f = ̂λ ( 1+ T
̂λ
− 1)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022



62

Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
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νρ = ea
μ∂ρθa

ν
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,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Non-perturbative solution

  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f = ̂λ ( 1+ T
̂λ
− 1)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Non-perturbative solution

  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f = ̂λ ( 1+ T
̂λ
− 1)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

,         

𝒜(r)2 = 1− 2M
r − 2M

rλ 𝒯 ℬ(r)2 = r4λ4

16M4𝒜(r)2 (1+ λ2r2

4M2 )
−2

𝒯 = tan−1 ( λr
2M ) λ = M ̂λ

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
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μ(x) Λa
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μν ,(θa
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Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
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1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
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2 μ =
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i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

,         

• Schwarzschild limit for  

𝒜(r)2 = 1− 2M
r − 2M

rλ 𝒯 ℬ(r)2 = r4λ4

16M4𝒜(r)2 (1+ λ2r2

4M2 )
−2

𝒯 = tan−1 ( λr
2M ) λ = M ̂λ

λ → ∞

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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,         

• Schwarzschild limit for  
• weak field expansion PPN parameters 

 

  

𝒜(r)2 = 1− 2M
r − 2M

rλ 𝒯 ℬ(r)2 = r4λ4

16M4𝒜(r)2 (1+ λ2r2

4M2 )
−2

𝒯 = tan−1 ( λr
2M ) λ = M ̂λ

λ → ∞

γ = − 1, β − 1 = 8
(2λ − π)2

⇒ λ ≳ 140

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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• Schwarzschild limit for  
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• marginally stable and marginally bound 

orbits 

𝒜(r)2 = 1− 2M
r − 2M

rλ 𝒯 ℬ(r)2 = r4λ4
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[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

,         
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With metric 
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16M4𝒜(r)2 (1+ λ2r2

4M2 )
−2

𝒯 = tan−1 ( λr
2M ) λ = M ̂λ

λ → ∞

γ = − 1, β − 1 = 8
(2λ − π)2

⇒ λ ≳ 140

λ = 140 λ = 10
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C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Non-perturbative solution

  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f = ̂λ ( 1+ T
̂λ
− 1)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

,         

• Schwarzschild limit for  
• weak field expansion PPN parameters 

 

  
• marginally stable and marginally bound 

orbits 
• Equipotential surfaces of Thick Disc models 

 vs  

𝒜(r)2 = 1− 2M
r − 2M

rλ 𝒯 ℬ(r)2 = r4λ4

16M4𝒜(r)2 (1+ λ2r2

4M2 )
−2

𝒯 = tan−1 ( λr
2M ) λ = M ̂λ

λ → ∞

γ = − 1, β − 1 = 8
(2λ − π)2

⇒ λ ≳ 140

λ = 140 λ → ∞

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Non-perturbative solution

  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f = ̂λ ( 1+ T
̂λ
− 1)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

,         

• Schwarzschild limit for  
• weak field expansion PPN parameters 

 

  
• marginally stable and marginally bound 

orbits 
• Equipotential surfaces of Thick Disc models 

 vs  

torus with cusp, tori,  
bound structures, inner surfaces

𝒜(r)2 = 1− 2M
r − 2M

rλ 𝒯 ℬ(r)2 = r4λ4

16M4𝒜(r)2 (1+ λ2r2

4M2 )
−2

𝒯 = tan−1 ( λr
2M ) λ = M ̂λ

λ → ∞

γ = − 1, β − 1 = 8
(2λ − π)2

⇒ λ ≳ 140

λ = 140 λ → ∞

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Non-perturbative solution

  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f = ̂λ ( 1+ T
̂λ
− 1)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

,         

• Schwarzschild limit for  
• weak field expansion PPN parameters 

 

  
• marginally stable and marginally bound 

orbits 
• Equipotential surfaces of Thick Disc models 

 vs  

torus with cusp, tori,  
bound structures, inner surfaces

𝒜(r)2 = 1− 2M
r − 2M

rλ 𝒯 ℬ(r)2 = r4λ4

16M4𝒜(r)2 (1+ λ2r2

4M2 )
−2

𝒯 = tan−1 ( λr
2M ) λ = M ̂λ

λ → ∞

γ = − 1, β − 1 = 8
(2λ − π)2

⇒ λ ≳ 140

λ = 140 λ → ∞

In spherical symmetry: no strong effect of  on accretion discs.λ

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

 

 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

, 𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022



77

Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

• exists for the complex and real tetrad 

𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

• exists for the complex and real tetrad 

• complex: independent of  

• real: dependent on  

𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

χ
ξ

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

• exists for the complex and real tetrad 

• complex: independent of  

• real: dependent on  

Deflection of light

𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

χ
ξ

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022



Δφreal =
4M
r0

+ ϵ ( (ξ − 1)(M(4(44 − 9π)α + 8(29 − 6π)β + 6(34 − 7π)γ) + πr0(6α + 8β + 7γ))
2ξr3

0 )

Δφcmplx =
4M
r0

+ ϵ ( π(3α + 5β + 4γ)
r2
0

+
2M((128 − 27π)α + (212 − 45π)β + 2(85 − 18π)γ)

3r3
0 )
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Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

• exists for the complex and real tetrad 

• complex: independent of  

• real: dependent on  

Deflection of light

𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

χ
ξ M

r(τ) = r0
Δφ

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

,  

• exists for the complex and real tetrad 

• complex: independent of  

• real: dependent on  

Deflection of light 

𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

χ
ξ M

r(τ) = r0
Δφ

Δφreal =
4M
r0

+ ϵ ( (ξ − 1)(M(4(44 − 9π)α + 8(29 − 6π)β + 6(34 − 7π)γ) + πr0(6α + 8β + 7γ))
2ξr3

0 )

Δφcmplx =
4M
r0

+ ϵ ( π(3α + 5β + 4γ)
r2
0

+
2M((128 − 27π)α + (212 − 45π)β + 2(85 − 18π)γ)

3r3
0 )

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

M

r(τ) = r0
Δφ

Δφreal =
4M
r0

+ ϵ ( (ξ − 1)(M(4(44 − 9π)α + 8(29 − 6π)β + 6(34 − 7π)γ) + πr0(6α + 8β + 7γ))
2ξr3

0 )

Δφcmplx =
4M
r0

+ ϵ ( π(3α + 5β + 4γ)
r2
0

+
2M((128 − 27π)α + (212 − 45π)β + 2(85 − 18π)γ)

3r3
0 )

,  

• exists for the complex and real tetrad 

• complex: independent of  

• real: dependent on  

Deflection of light, order of correction 
sensitive 

• to complex vs real tetrad 

• choice of  

𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

χ
ξ

ξ

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

M

r(τ) = r0
Δφ

Δφreal =
4M
r0

+ ϵ ( (ξ − 1)(M(4(44 − 9π)α + 8(29 − 6π)β + 6(34 − 7π)γ) + πr0(6α + 8β + 7γ))
2ξr3

0 )

Δφcmplx =
4M
r0

+ ϵ ( π(3α + 5β + 4γ)
r2
0

+
2M((128 − 27π)α + (212 − 45π)β + 2(85 − 18π)γ)

3r3
0 )

,  

• exists for the complex and real tetrad 

• complex: independent of  

• real: dependent on  

Deflection of light, order of correction 
sensitive 

• to complex vs real tetrad 

• choice of  

Similar for Shapiro delay & perihelion shift. 

 Constraints on parameters 

𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

χ
ξ

ξ

⇒

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Perturbative solutions

 

  
• Spherically symmetric tetrads solving the 

antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B) = T+ ϵ
2 (αT2 + βB2 + γBT )

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

M

r(τ) = r0
Δφ

Δφreal =
4M
r0

+ ϵ ( (ξ − 1)(M(4(44 − 9π)α + 8(29 − 6π)β + 6(34 − 7π)γ) + πr0(6α + 8β + 7γ))
2ξr3

0 )

Δφcmplx =
4M
r0

+ ϵ ( π(3α + 5β + 4γ)
r2
0

+
2M((128 − 27π)α + (212 − 45π)β + 2(85 − 18π)γ)

3r3
0 )

,  

• exists for the complex and real tetrad 

• complex: independent of  

• real: dependent on  

Deflection of light, order of correction 
sensitive 

• to complex vs real tetrad 

• choice of  

Similar for Shapiro delay & perihelion shift. 

 Constraints on parameters 

• real tetrad with  least constraint 

𝒜2(r) = 1 −
2M
r

+ ϵa(r) ℬ2(r) = (1− 2M
r )

−1
+ ϵ b(r)

χ
ξ

ξ

⇒
ξ = 1

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

 
 

f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory

 
  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity
[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Solutions (numerous exist)

 
  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity
[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Solutions (numerous exist)

 
  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

Example 1: (real tetrad) 

•  

 

C = 0, V = 0, A = − 1
8 βψ2
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity
[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Solutions (numerous exist)

 
  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

Example 1: (real tetrad) 

•  

yields the BBMB solution 

 

  

C = 0, V = 0, A = − 1
8 βψ2

ds2 = (1− K
r )

2
dt2 − (1− K

r )
−2

dr2 − r2dΩ2

ψ(r) = −
2ψ0 r

K r − K
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity
[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Solutions (numerous exist)

 
  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

Example 1: (real tetrad) 

•  

yields the BBMB solution 

 

  

Example 2: (complex tetrad) 

•  

C = 0, V = 0, A = − 1
8 βψ2

ds2 = (1− K
r )

2
dt2 − (1− K

r )
−2

dr2 − r2dΩ2

ψ(r) = −
2ψ0 r

K r − K

C = β
4 ψ2, V ≠ 0, A = 0
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Born-Infeld gravity - Perturbations of GR - Scalar-Torsion gravity
[Bahamonde, Faraji, Hackmann, CP 2022; Bahamonde, Golovnev, Guzman, Said, CP 2022; Bahamonde, Ducobu, CP 2022]

Geometric fields
,    and , Torsion θa

μ(x) Λa
b(x) ⇒ ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν ,(θa
μ, δa

b) ⇒ ωa
bμ = 0, Γμ

νρ = ea
μ∂ρθa

ν

Weitzenböck gauge

Teleparallelism - Black Holes in f(T,B, ) gravity - Conclusionϕ

,
f(T,B, ) gravityϕ

S[θ] = ∫ d4x |θ | f(T, B, ϕ)

The theory Solutions (numerous exist)

 
  

• Spherically symmetric tetrads solving the 
antisymmetric field equations 

Real 

 

Complex 

 

With metric 

f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

θa
1 μ =

𝒜(r) 0 0 0
0 ℬ(r)sin ϑ cos φ ξr cos ϑ cos φ −rξ sin ϑ sin φ
0 ℬ(r)sin ϑ sin φ ξr cos ϑ sin φ ξr sin ϑ cos φ
0 ℬ(r)cos ϑ −rξ sin ϑ 0

ξ = ± 1

θa
2 μ =

0 iℬ(r) 0 0
i𝒜(r)sin ϑ cos φ 0 −χr sin φ −rχ sin ϑ cos ϑ cos φ
i𝒜(r)sin ϑ sin φ 0 χr cos φ −rχ sin ϑ cos ϑ sin φ

i𝒜(r)cos ϑ 0 0 χr sin2 ϑ

χ = ± 1

ds2 = − 𝒜2dt2 + ℬ2dr2 + r2dΩ2

Example 1: (real tetrad) 
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Geometric fields
Tetrad components , Lorentz transformations  generating  and , Torsion θa

μ(x) Λa
b(x) ωa

bμ Γρ
μν Tσ

μν = Γσ
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μν, ∂Tσ
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f = T f = f(T, B, ϕ) f = ̂λ ( 1+ T
̂λ
− 1) f = f(T, B) = T+ ϵ

2 (αT2 + βB2 + γBT ) f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)
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μν, ∂Tσ

μν, . . . )

f = T f = f(T, B, ϕ) f = ̂λ ( 1+ T
̂λ
− 1) f = f(T, B) = T+ ϵ

2 (αT2 + βB2 + γBT ) f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

Black Holes
• Born-Infeld gravity: non-perturbative solutions exist, thick accretion disc has been constructed, constraint on  from weak field limit
• Teleparallel perturbations of GR can be constraint by effects like light deflection and time delays, real tetrad with 
• Scalarized black holes exist, a first no-hair theorem has been established

̂λ
ξ = 1

Black Holes to be continued
• axially symmetric scalarized black holes are under investigation, no teleparallel generaization of Kerr has been found
• impact on accretion discs in axial symmetry?
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Lorentz transformations as gauge transformations
Affine connection, metric and torsion (in coordinate basis), are invariant, possible choice  Weitzenböck gauge.(θa

μ, δa
b)

Geometric fields
Tetrad components , Lorentz transformations  generating  and , Torsion θa

μ(x) Λa
b(x) ωa

bμ Γρ
μν Tσ

μν = Γσ
νμ − Γσ

μν

Teleparallel theories of gravity 

 ,     ,     ,     ,     

S[θ] = ∫ d4x |θ | f(Tσ
μν, ∂Tσ

μν, . . . )

f = T f = f(T, B, ϕ) f = ̂λ ( 1+ T
̂λ
− 1) f = f(T, B) = T+ ϵ

2 (αT2 + βB2 + γBT ) f(T, B, ϕ) = − A(ϕ)T + 2βX + C(ϕ)B − 2κ2V(ϕ)

Black Holes
• Born-Infeld gravity: non-perturbative solutions exist, thick accretion disc has been constructed, constraint on  from weak field limit
• Teleparallel perturbations of GR can be constraint by effects like light deflection and time delays, real tetrad with 
• Scalarized black holes exist, a first no-hair theorem has been established

̂λ
ξ = 1

Black Holes to be continued
• axially symmetric scalarized black holes are under investigation, no teleparallel generaization of Kerr has been found
• impact on accretion discs in axial symmetry?

Thank you for your attention
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