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SIn @ o ] -
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AT, B) = T+=(aT” + fB* + yBT) P =1-M 4 catr), B = (1—2—M> +eb(r)
A r

- Spherically symmetric tetrads solving the
antisymmetric field equations

Real
(ol (r) 0 0 0 )
ga — 0 HABr)sindcosep ErcosJcosep —rEsinIsing P
Lu 0 AB)sindsing ErcosIsing Ersindcosp B
\ 0 AB(r)cos I —résind 0 )
Complex
( 0 iB(r) 0 0 )
id(r)sindcosqp 0  —yrsing —rysindcosdcose
O0u = 19/ (r)sin 9 sin ¢ 0 yrcos@ —rysindcosdsing x=*1
| id(r)cos I 0 0 yrsin®d )
With metric

ds? = — of%dt* + B2dr? + r’dQ?
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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 Weitzenbock gauge f(T,B,) gravity
6“ (x), AY(x) = %, andI” ,Torsion7°, =17, —1°, 0°,0) = 0%, =0,1", =e¢to0, S[0] = | d*x| 0| AT, B, ¢)
The theory Perturbative solutions
c ~1
AT, B) = T+=(aT” + fB* + yBT) ) = 1= 4 ca(r), B = (1-21)  +eb(
r r

. exists for the complex and real tetrad
- Spherically symmetric tetrads solving the

antisymmetric field equations

Real
(ol (1) 0 0 0 )
ga 0 HA(r)sindcosep Ercosdcosep —résinIdsing fot1
Lu 0 AB)sindsing ErcosIsing Ersindcosp -
\ 0 AB(r)cos I —résind 0 )
Complex
( 0 iB(r) 0 0 )
id(r)sindcosqp 0  —yrsing —rysindcosdcose
O0u = 19/ (r)sin 9 sin ¢ 0 yrcos@ —rysindcosdsing x=*1
| id(r)cos I 0 0 yrsin? 9 )
With metric

ds? = — A?dt* + B2dr? + r?dQ?
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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 Weitzenbock gauge f(T,B,) gravity
6“ (x), AY(x) = %, andI” ,Torsion7°, =17, —1°, 0°,0) = 0%, =0,1", =e¢to0, S[0] = | d*x| 0| AT, B, ¢)
The theory Perturbative solutions
c ~1
AT, B) = T+=(aT” + fB* + yBT) ) = 1= 4 ca(r), B = (1-21)  +eb(
r r

. exists for the complex and real tetrad
- Spherically symmetric tetrads solving the

. - . - complex: independent of
antisymmetric field equations P P 4

. real: dependenton &

Real
(ol (1) 0 0 0 )
ga 0 HA(r)sindcosep Ercosdcosep —résinIdsing fot1
Lu 0 AB)sindsing ErcosIsing Ersindcosp -
\ 0 AB(r)cos I —résind 0 )
Complex
( 0 iB(r) 0 0 )
id(r)sindcosqp 0  —yrsing —rysindcosdcose
O0u = 19/ (r)sin 9 sin ¢ 0 yrcos@ —rysindcosdsing x=*1
| id(r)cos I 0 0 yrsin? 9 )
With metric

ds? = — A?dt* + B2dr? + r?dQ?
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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 Weitzenbock gauge f(T,B,) gravity
6“ (x), AY(x) = %, andI” ,Torsion7°, =17, —1°, 0°,0) = 0%, =0,1", =e¢to0, S[0] = | d*x| 0| AT, B, ¢)
The theory Perturbative solutions
c ~1
AT, B) = T+=(aT” + fB* + yBT) ) = 1= 4 ca(r), B = (1-21)  +eb(
r r

. exists for the complex and real tetrad
- Spherically symmetric tetrads solving the

. - . - complex: independent of
antisymmetric field equations P P 4

. real: dependenton &

Real
( \ . .
oA (r) 0 0 0 Deflection of light
ga — 0 HAB(r)sindcose Ercosdcosep —r&sindsing Eo i
L1 0 AB(r)sindsing Ercosdsing Ersindcos @ T
\ 0 AB(r)cos I —résind 0 )
Complex
( 0 iB(r) 0 0 )
o idd(r)sindcosgp 0  —yrsing —rysindcosdcos g 41
2k | igf(r)sin 9 sin @ 0 yrcos@ —rysindcosdsing r==
| id(r)cos I 0 0 yrsin? 9 )
With metric

ds? = — A?dt* + B2dr? + r?dQ?
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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 Weitzenbock gauge f(T,B,) gravity
6 (x), A%(x) = o%, and I?,,, Torsion T°,, =T, —T” (0°,68) = 0%, =0,T* = erd 0, S[0] = | d*x|0| AT, B, $)

iz vp 0%

The theory Perturbative solutions
¢ —1
AT, B) = T+=(aT” + fB* + yBT) () =1- ZTM +ea(r), B = (1-21)  +eb(

. exists for the complex and real tetrad
- Spherically symmetric tetrads solving the

. - . » complex: independent of
antisymmetric field equations P P 4

. real: dependent on &£

Real
( \ . .
) 0 0 o Deflection of light
ga 0 HA(r)sindcosep Ercosdcosep —résinIdsing fot1
=1 0 B(r)sindsing Ercosdsing Ersindcos g -
\ 0 AB(r)cos I —résind 0 )
Complex
( .
0 i 0 o9 ‘ 4M (& — D(M(4(44 — 9m)a + 8(29 — 67)f + 6(34 — T)y) + ary(6a + 86 + T7))
. |id@sindcosp 0 —yrsing —rysindcosIcos g . Ay =—+¢€ 3
Ou = iAd(r)sindsing 0  yrcosep —rysindcosdsing x=*1 "o 25”0
| id(r)cos I 0 0 yrsin? 9

/

AM 7Ba+56+4y)  2M((128 — 270)a + (212 — 457)3 + 2(85 — 187)y)
. . Aqﬂcmplx = —-+c¢€ -+
With metric o 7 3r3

ds? = — A?dt* + B2dr? + r?dQ?
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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 Weitzenbock gauge f(T,B,) gravity
6 (x), A%(x) = o%, and I?,,, Torsion T°,, =T, —T” (0°,68) = 0%, =0,T* = erd 0, S[0] = | d*x|0| AT, B, $)

iz vp 0%

The theory Perturbative solutions
¢ —1
AT, B) = T+=(aT” + fB* + yBT) () =1- ZTM +ea(r), B = (1-21)  +eb(

. exists for the complex and real tetrad
- Spherically symmetric tetrads solving the

. - . » complex: independent of
antisymmetric field equations P P 4

. real: dependent on &£

Real
( \ . .
) 0 0 0 Deflection of light
ga 0 HA(r)sindcosep Ercosdcosep —résinIdsing fmt1
=1 0 B(r)sindsing Ercosdsing Ersindcos g T
\ 0 AB(r)cos I —résind 0 )
Complex
0 1% 0 o9 ‘ AM (€ — D(M(4(44 — 9m)a + 8(29 — 67)f + 6(34 — Tr)y) + nry(6a + 86 + Ty))
. |id@sindcosp 0 —yrsing —rysindcosIcos g ~ Ay =—+¢€ 3
Ou = iAd(r)sindsing 0  yrcosep —rysindcosdsing x=*1 "o 25”0
| id(r)cos I 0 0 yrsin? 9 )
A 4M N nBa+ 56 + 4y) N 2M((128 = 27m)a + (212 — 457)p + 2(85 — 187n)y)
. : L =—+e¢
With metric Pemplx = 7 7z 3r3

ds? = — A?dt* + B2dr? + r?dQ?

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022 Teleparallelism - Black Holes in f(T,B,¢) gravity - Conclusion 81



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

Weitzenbock gauge f(T,B,) gravity

0°,(x), A%(x) = w*,, and I , Torsion T°,, =T°, —I° 0°,6)) = 0%, =0,1T",  =etd,0°, S[0] = |d*x|0| AT, B, ¢)

vu UL

The theory
AT,B) = T+§(aT2 + fB? + yBT)

- Spherically symmetric tetrads solving the
antisymmetric field equations

Real
(ol (1) 0 0 0 )
ga 0 HA(r)sindcosep Ercosdcosep —résinIdsing fot1
Lu 0 AB)sindsing ErcosIsing Ersindcosp -
\ 0 AB(r)cos I —résind 0 )
Complex
( 0 iB(r) 0 0 )
id(r)sindcosqp 0  —yrsing —rysindcosdcose
O0u = 19/ (r)sin 9 sin ¢ 0 yrcos@ —rysindcosdsing x=*1
| id(r)cos I 0 0 yrsin? 9 )
With metric

ds? = — A?dt* + B2dr? + r?dQ?

Perturbative solutions

~1
) =1-— M, ea(r), BA(r) = (1—27M> + e b(r)
r
. exists for the complex and real tetrad
- complex: independent of y

. real: dependent on &£

Deflection of light, order of correction
sensitive

- to complex vs real tetrad

a4M (& — D(M(4(44 — Im)a + 8(29 — 67)f + 6(34 —Tn)y) + nwry(6a + 86 + Ty))
hoice of & RN 45
e
pp M (ﬂ(3a +50 +47)  2M(128 = 2Tma + (212 - 45m)f +2(85 — 18m))
cmpl r_o rg 3r8
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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 Weitzenbock gauge f(T,B,) gravity
6 (x), A%(x) = o%, and I?,,, Torsion T°,, =T, —T” (0°,68) = 0%, =0,T* = erd 0, S[0] = | d*x|0| AT, B, $)

iz vp 0%

The theory Perturbative solutions
¢ —1
AT, B) = T+=(aT” + fB* + yBT) () =1- ZTM +ea(r), B = (1-21)  +eb(

. exists for the complex and real tetrad
- Spherically symmetric tetrads solving the

. - . » complex: independent of
antisymmetric field equations P P 4

. real: dependenton &

Real
( \ . . .
) 0 0 0 Deflection of light, order of correction
ga 0 HA(r)sindcosep Ercosdcosep —résinIdsing fot1 ..
=1 0 B(r)sindsing ércosdsing  Ersindcosg - sensitive
(0 Hncosd —resind 0 ) - to complex vs real tetrad
Ag :4_M+€<(§—1)(M(4(44—97z)a+8(29—67[),8+6(34—7ﬂ)y)+7rr0(6a+8ﬂ+7y))>
Complex . choice of é real ™ 2613
( 0 iB(r) 0 0 )
gt — i/ (r)sin 9 cos ¢ 0 —yrsing —rysindcosdIcos e Ca A _4M N 7r(3a+5ﬂ+4y)+2M((128—277r)a+(212—457t)ﬁ+2(85—187:))/)
T | sindsing 0 greosg —rysindcosdsing | L7 Similar for Shapiro delay & perihelion shift SRR L E
| id(r)cos I 0 0 yrsin®d ) P y &P )
= Constraints on parameters
With metric

ds? = — A?dt* + B2dr? + r?dQ?
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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 Weitzenbock gauge f(T,B,) gravity
6 (x), A%(x) = o%, and I?,,, Torsion T°,, =T, —T” (0°,68) = 0%, =0,T* = erd 0, S[0] = | d*x|0| AT, B, $)

iz vp 0%

The theory Perturbative solutions
¢ —1
AT, B) = T+=(aT” + fB* + yBT) () =1- ZTM +ea(r), B = (1-21)  +eb(

. exists for the complex and real tetrad
- Spherically symmetric tetrads solving the

. - . » complex: independent of
antisymmetric field equations P P 4

. real: dependenton &

Real

( \ : : :

() 0 0 0 Deflection of light, order of correction
ga 0 HABr)sindcosep ErcosJcosep —rEsinIsing fot1 L.
=1 0 B(r)sindsing Ercosdsing Ersindcos g T sensitive

| 0 Bljeosd - —resind o ) - to complex vs real tetrad

C | Ao 1:4_M+€<(§—1)(M(4(44—97z)a+8(29—67[),B+6(34—7ﬂ)y)+7rr0(6a+8ﬂ+7y))>

~Omplex - choice of & Z 20

0 iB(r) 0 0 )

gt — igd(r)sindcosp 0 —yrsing —rysindcosdcosgp ot A _aM  (nGat5ptdy  2M(128 ~2Tma + (212~ 45m)f + 285 ~ 18m)y)
T | sindsing 0 greosg —rysindcosdsing | L7 Similar for Shapiro delay & perihelion shift SRR L E

| id(r)cos I 0 0 yrsin®d P y&p )

/

= Constraints on parameters
With metric . real tetrad with £ = 1 least constraint

ds? = — A?dt* + B2dr? + r?dQ?

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022 Teleparallelism - Black Holes in f(T,B,¢) gravity - Conclusion 84



Scalar-Torsion gravity

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

Geometric fields Weitzenbock gauge f(T,B,) gravity

0°,(x), A%(x) = o, and 17 , TorsionT° =17, —T° 0°,0,) = 0, =0,1%  =e/td,0%, S[6] = |d*x| 0| AT, B, ¢)

iz v 0%

The theory
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Scalar-Torsion gravity

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

Geometric fields Weitzenbock gauge f(T,B,) gravity

0°,(x), A%(x) = o, and 17 , TorsionT° =17, —T° 0°,0,) = 0, =0,1%  =e/td,0%, S[6] = |d*x| 0| AT, B, ¢)

iz v 0%

The theory
AT, B, ) = = AT + 2X + C($)B — 2k°V(¢h)
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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 Weitzenbock gauge f(T,B,) gravity

0¢,(x), A%(x) = %, and I” , Torsion7° =17, —1° 0°,6,) = 0%, =0,1%, =e/td 0", S[6] = |d*x| 0| AT, B, ¢)

The theory
AT, B, ) = = AT + 2X + C($)B — 2k°V(¢h)

- Spherically symmetric tetrads solving the
antisymmetric field equations

Real
(ol (1) 0 0 0 )
0 HABr)sindcosep Ercosdcosep —rEsindsing

Oy = - - : : E==x1
0 AB)sindsing ErcosIsing Ersindcos e
\ 0 GB(r)cosd —résind 0 )
Complex
( 0 iBr) 0 0 )
9 id(r)sindcosgp 0  —yrsing —rysindcosdcose L
2i i/ (r)sin 9 sin ¢ 0 yrcoseg —rysindcosdsing r==
\ i (r)cos 9 0 0 yrsin® 9 )
With metric

ds? = — of%dt* + B2dr? + r’dQ?
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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 Weitzenbock gauge f(T,B,) gravity

0¢,(x), A%(x) = %, and I” , Torsion7° =17, —1° 0°,6,) = 0%, =0,1%, =e/td 0", S[6] = |d*x| 0| AT, B, ¢)

The theory Solutions (numerous exist)
f(T,B,¢) = — A(P)T + 2X + C(¢)B — 2 V(¢h)

- Spherically symmetric tetrads solving the
antisymmetric field equations

Real
(ol (1) 0 0 0 )
0 HABr)sindcosep Ercosdcosep —rEsindsing

Oy = - - : : E==x1
0 AB)sindsing ErcosIsing Ersindcos e
\ 0 GB(r)cosd —résind 0 )
Complex
( 0 iBr) 0 0 )
9 id(r)sindcosgp 0  —yrsing —rysindcosdcose L
2i i/ (r)sin 9 sin ¢ 0 yrcoseg —rysindcosdsing r==
\ i (r)cos 9 0 0 yrsin® 9 )
With metric

ds? = — of%dt* + B2dr? + r’dQ?
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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 Weitzenbock gauge f(T,B,) gravity

0°,(x), A%(x) = w*, and I , Torsion T°,, =T°,, —T7, 04,0 > 0w, =0,T"  =etd,0, S[60]1 = | d*x| 0| f(T, B, $)

The theory Solutions (numerous exist)

AT,B,p) = — AT + 28X + C(¢p)B — 2k*V(¢p)  Example 1: (real tetrad)

. C=0, V=0, A=——py’
- Spherically symmetric tetrads solving the

antisymmetric field equations

Real
(o (1) 0 0 0 )
ga — 0 HABr)sindcosep Ercosdcosep —rEsindsing P
Lu 0 AB)sindsing ErcosIsing Ersindcos e B
\ 0 GB(r)cos I —résind 0 )
Complex
( 0 iBr) 0 0 )
id(r)sindcosgp 0  —yrsing —rysindcosdcos e
O0u = i/ (r)sin J sin ¢ 0 yrcoseg —rysindcosdsing =%l
\ i (r)cos I 0 0 yrsin® 9 )
With metric

ds? = — oA*dt* + B*dr? + r*dQ?

C. Pfeifer, ZARM, Workshop on Astro-particles and Gravity at Cairo University 2022 Teleparallelism - Black Holes in f(T,B,¢) gravity - Conclusion 89



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 Weitzenbock gauge f(T,B,) gravity

0°,(x), A%(x) = w*, and I , Torsion T°,, =T°,, —T7, 04,0 > 0w, =0,T"  =etd,0, S[60]1 = | d*x| 0| f(T, B, $)

The theory Solutions (numerous exist)

AT,B,p) = — AT + 28X + C(¢p)B — 2k*V(¢p)  Example 1: (real tetrad)
. C=0, V=0, A=——py’
» Spherically symmetric tetrads solving the yia|ds the BBMB solution

antisymmetric field equations 7 _9
ds? = (1-%) dr® — (1-%) dr? — r2dQ?

Real
( \ 2y
oA (r) 0 0 0 (r) = —
. o 4
ga — 0 HABr)sindcosep Ercosdcosep —rEsindsing P Ka/r—K
=1 0 RB@)sindsing Ercosdsing Ersindcose -
\ 0 GB(r)cos I —résind 0 )
Complex
( 0 iB(r) 0 0 )
9 id(r)sindcosgp 0  —yrsing —rysindcosdcose 1
2k | igf(r)sin 9 sin @ 0 yrcose —rysindcosdsing r==
\ i (r)cos I 0 0 yrsin® 9 )
With metric

ds? = — oA*dt* + B*dr? + r*dQ?
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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 Weitzenbock gauge f(T,B,) gravity

0°,(x), A%(x) = w*, and I , Torsion T°,, =T°,, —T7, 04,0 > 0w, =0,T"  =etd,0, S[60]1 = | d*x| 0| f(T, B, $)

The theory Solutions (numerous exist)

AT,B,p) = — AT + 28X + C(¢p)B — 2k*V(¢p)  Example 1: (real tetrad)
. C=0, V=0, A=——py’
» Spherically symmetric tetrads solving the yia|ds the BBMB solution

antisymmetric field equations 7 _9
ds? = (1-%) dr® — (1-%) dr? — r2dQ?

Real

(,Qf(r) 0 0 0 \ l//(l”) — _ ZWO\/;
ga — 0 HABr)sindcosep Ercosdcosep —rEsindsing P Ka/r—K
=1 0 RB@)sindsing Ercosdsing Ersindcose -

\ 0 GB(r)cos I —résind 0 )

Complex Example 2: (complex tetrad)

. p

( 0 B 0 0 ‘ . C=y? V#£0, A=0
. _|i@sindcosp 0 —yrsing —rysindcosdcosgp . 4
O0u = id(r)sindsing 0  yrcosep —rysindcosdsing x=*1

\ i (r)cos I 0 0 yrsin® 9 )
With metric

ds? = — oA*dt* + B*dr? + r*dQ?
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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 Weitzenbock gauge f(T,B,) gravity

0°,(x), A%(x) = w*,, and I , Torsion T°,, =T°, —I° 0°,6)) = 0%, =0,1T",  =etd,0°, S[0] = |d*x|0| AT, B, ¢)

iz vp 0%

The theory Solutions (numerous exist)

AT,B,p) = — AT + 28X + C(¢p)B — 2k*V(¢p)  Example 1: (real tetrad)
. C=0, V=0, A=——py’
» Spherically symmetric tetrads solving the yia|ds the BBMB solution

antisymmetric field equations 7 _9
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[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

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

Weitzenbock gauge

f(T,B,) gravity

0°,(x), A%(x) = @, and I'* , Torsion 7°,, =17, — I 0°,0,) = 0%, =0,1", =¢e/t00, S[60]1 = | d*x| 0| f(T, B, $)

vu UL

The theory
AT, B, $) = — A(P)T + 2X + C(¢)B — 2x°V(¢h)

- Spherically symmetric tetrads solving the
antisymmetric field equations

Real
(ol (1) 0 0 0 )
ga — 0 HABr)sindcosep Ercosdcosep —rEsindsing P
Lu 0 AB)sindsing ErcosIsing Ersindcos e B
\ 0 GB(r)cos I —résind 0 )
Complex
( 0 iB(r) 0 0 )
id(r)sindcosgp 0  —yrsing —rysindcosdcose
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\ i (r)cos I 0 0 yrsin® 9 )
With metric

ds? = — oA*dt* + B*dr? + r*dQ?

Solutions (numerous exist)

Example 1: (real tetrad)

. C=0, V=0, A=——py’

yields the BBMB solution

2 )
ds?* = <1—§> dr? — (1—%) dr’ —r
21/’0\/;
w(r) = —
K/ r—K

Example 2: (complex tetrad)
L C=2y2 v#0, A=0
yields scalrized Schwarzschild (a)-dS

~1
ds? = <1—27M—Ar2>dt2 — (1—27M—Ar2> dr?

r3t//0

w(r) = e

No-hair theorem

No spherically symmetric asymptotically flat
scalarized solutions exist if

oam o 2 L
2dQ? 1.A=a¢g”, C=0, pr— (2mV l//V) <0

— r2dQ?
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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]
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AT, B, $) = — A(P)T + 2X + C(¢)B — 2x°V(¢h)
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0°,(x), N (x) = o, and I?, , Torsion7°, , =17, —TI7, 0°,0,) > 0, =0,1* =elo0, S[0] = | d*x|0| AT, B, ¢)
Solutions (numerous exist) No-hair theorem
Example 1: (real tetrad) No spherically symmetric asymptotically flat
. C=0, V=0, A=——py> scalarized solutions exist if
b b 8

- Spherically symmetric tetrads solving the
antisymmetric field equations
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ds? = — oA*dt* + B*dr? + r*dQ?

yields the BBMB solution

— 1A= m,C=O, 2 2 V_ V/ <O
ds” = <1_£>2dt2_ (1_£> "dr? = 12402 ¢ s =y (2mV = V) <
w(r) = — 200\ 2.A = agb2, C = %¢2 + ¢, and
vt either pV' > 4Vor pV' < 4V

Example 2: (complex tetrad)
L C=2y2 v#0, A=0
yields scalrized Schwarzschild (a)-dS

r

~1
ds? = <1—27M—Ar2>dt2 — (1—2—M—Ar2> dr? — r2dQ?

r3t//0

w(r) = e
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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 Weitzenbock gauge f(T,B,) gravity
6“ (x), AY(x) = %, andI” ,Torsion7°, =17, —1°, 0°,0) = 0%, =0,1", =e¢to0, S[0] = | d*x|0| AT, B, ¢)
The theory Solutions (numerous exist) No-hair theorem
AT,B,p) = — AT + 28X + C(¢p)B — 2k*V(¢p)  Example 1: (real tetrad) No spherically symmetric asymptotically flat
.C=0, V=0, A= _%ﬂyﬂ scalarized solutions exist if

- Spherically symmetric tetrads solving the vields the BBMB solution
antisymmetric field equations

1.A=ag", C=0,——(2mV—-yV') <0

2 -2 )
K K m—2
ds? = (1—7) di® — (1—7> dr? — r2dQ? Ao =2)
Real 2 €1 42
() . . 0 w(r) = — NG 2.A =a¢*, C = 745 + ¢, and
. 0 HABr)sindcosep Ercosdcosep —rEsindsing B Ka/r—K . , ,
Ol = 0 HABr)sindsing ErcosIsing Ersindcos @ c=*1 either ¢V > 4VOI’ ¢V < 4V
\ 0 GB(r)cos I —résind 0 )
° V/
Complex ExampleﬂZ. (complex tetrad) 3.A=aq,C=c In()+ c, and LA
( 0 iB(r) 0 0 ‘ . C=—l//2, V#0, A=0 !
gt — id(r)sindcosgp 0  —yrsing —rysindcosdcose ot 4
2~ |id(r)sindsing 0 yrcosgp —rysindcosdsing [ AT T yields scalrized Schwarzschild (a)-dS
\ i (r)cos I 0 0 yrsin® 9 )

r

~1
ds? = <1—27M—Ar2>dt2 — (1—2—M—Ar2> dr? — r2dQ?

With metric _ Ay
ds? = — f2df* + B2dr* + r2dQ> wir) = ¢3
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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
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Weitzenbock gauge

el 0°,0,) = 0, =0,1%  =e/td,0%,

f(T,B,) gravity

S10] =

d*x|0| f(T, B, $)

The theory Solutions (numerous exist)

AT,B,p) = — AT + 28X + C(¢p)B — 2k*V(¢p)  Example 1: (real tetrad)

. C=0, V=0, A=—1py’
yields the BBMB solution

2 -2
ds? = (1-%) dr? — (1-%) dr? — 12402

- Spherically symmetric tetrads solving the
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Real

(,Qf(r) 0 0 0 \ l//(l”) — _ 21//0\/;
ga — 0 HABr)sindcosep Ercosdcosep —rEsindsing P Ka/r—K
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gt — id(r)sindcosgp 0  —yrsing —rysindcosdcose ot 4
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r

~1
ds? = <1—27M—Ar2>dt2 — (1—2—M—Ar2> dr? — r2dQ?

With metric _ Ay
ds? = — f2df* + B2dr* + r2dQ> wir) = ¢3

No-hair theorem

No spherically symmetric asymptotically flat
scalarized solutions exist if

1L.A=aqd" C=0,—2

Gy (2mV =y V') <0

2.A =a¢g?, C= %gbz + ¢, and
either V' > 4Vor V' < 4V

LA

3.A=a, C=c/In(¢)+ ¢, and 2

4.A=qa C= !

m+ 1
either % (1//V’ — (m+ 1)ymerl//’> <0

m+1) 1

m—1 f

¢m+1 and

( R + KX(yV — 4V)> <0

or
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Conclusion and outlook

Geometric fields

Tetrad components Q“ﬂ(x), Lorentz transformations A“,(x) generating a)“bﬂ and I” , Torsion T Cw=1%,-1°

pv? v v
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Lorentz transformations as gauge transformations
Affine connection, metric and torsion (in coordinate basis), are invariant, possible choice (8¢, ;) Weitzenbock gauge.
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- Teleparallel perturbations of GR can be constraint by effects like light deflection and time delays, real tetrad with & = 1
« Scalarized black holes exist, a first no-hair theorem has been established

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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Thank you for your attention
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