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Motivation

Motivation

Geometric deduction of EM coupling with gravity

Non-minimally coupled actions in higher derivative theories.

EiBI: Metric-affine theory; Determinantal action

Infinite number of higher derivative terms.

Smooths out singularities
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The Eddington inspired Born-Infeld action

The Eddington inspired Born-Infeld action

SEiBI = 1
8πκ

∫
d4x

[√
|g + κR(Γ)| − λ

√
|g|
]

+ SM

Einstein-Hilbert action with c.c. and matter when

i) κRµν << gµν , ii) λ = κΛ + 1

q̃µν = gµν + κR(Γ)µν√
|q̃|q̃µν − (κΛ + 1)

√
|g|gµν = −8πκ

√
|g|T µν (metric),

∇α(
√
|q̃|q̃µν) = 0 (connection) .
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The Eddington inspired Born-Infeld action

The Eddington inspired Born-Infeld action

SEiBI = 1
8πκ

∫
d4x

[√
|g + κR(Γ)| − λ

√
|g|
]

+ SM

R(Γ)µν = τµν + 64π2κ
[
Sµν − 1

4Sgµν

]
+O(κ2) ;

where Sµν = TµαT α
ν − 1

2TTµν , τµν = Λgµν + 8π
[
Tµν − 1

2Tgµν

]
.

Γα
βγ =

{
α

βγ

}
+ 1

2κqαδ (R(Γ)δβ;γ + R(Γ)γδ;β − R(Γ)βγ;δ)

⇒ R(g)µν = τµν + 64π2κ
[
Sµν − 1

4Sgµν

]
+1

2κ
[
∇µ∇ντ − 2∇α∇(µτν)α + �τµν

]
+O(κ2);
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The Eddington inspired Born-Infeld action

The Eddington inspired Born-Infeld action : Metric

SEiBI = 1
8πκ

∫
d4x

[√
|g + κR(g)| − λ

√
|g|
]

+ SM

Rµν = τµν + 64π2κ
(
Sµν − 1

4Sgµν

)
+1

2κ
[
2RαµβνRαβ − 2RµβRβ

ν + �Rµν

]
+O(κ2) .

R(Γ)µν = R(g)µν (to lowest order)

The metric-affine theory and the metric theory agree to O(κ).

Involves third order derivatives of matter fields (and above)

⇒ Surface singularities [Pani,Sotiriou (2012)]
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The Kaluza Ansatz in EBI gravity

The Kaluza Ansatz

Geometrically determines the coupling to gravity

ĝAB =
(

gµν + α2AµAν αAµ

αAν 1

)
, A,B, ... = 0, 1, ..4 ;

√
|ĝ| =

√
|g|

Quantities independent of the 5th dimension.

Need q̂AB = ĝAB + κR̂AB. (F 2 = FµνFµν)

q̂µν = gµν + 4AµAν

(
1 + κF 2

)
+ κ

[
Rµν − 4A(µ∇|β|Fβ

ν) − 2FβµFβ
ν

]
,

q̂5ν = 2Aν

(
1 + κF 2

)
− κ∇βFβ

ν ,

q̂55 = 1 + κF 2 .
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The Kaluza Ansatz in EBI gravity

The Kaluza Ansatz : EiBI action

det
(

A B
C D

)
= det(D) det(A− BD−1C )

|q̂| = q55[qµν − qµ5(q55)−1q5ν ]

=
[
(1 + κF 2)

(
gµν + κ

(
Rµν + 2FµβFβ

ν

))
− κ2∇δF δ

µ∇βFβ
ν

]
.

ŜEiBI = 1
8πĜ5κ

∫
d5x

[√
|q̂| − (κΛ + 1)

√
|ĝ|
]

SEiBI+EM =
1

8πκ

∫
d4x

[√∣∣∣(1 + κF 2)
(
gµν + κ

(
Rµν + 2FµβFβ

ν

))
− κ2∇δF δ

µ∇βFβ
ν

∣∣∣
−(κΛ + 1)

√
|g|
]
.
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8πĜ5κ

∫
d5x

[√
|q̂| − (κΛ + 1)

√
|ĝ|
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[√∣∣∣(1 + κF 2)
(
gµν + κ

(
Rµν + 2FµβFβ

ν

))
− κ2∇δF δ
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Equations of motion

Equations of motion

O(κ0) : Gµν = −Λgµν + 8πTµν , ∇αFαν = 0 .

O(κ): Gµν = −Λgµν + 8πTµν + κPµν + κQµν , where

Pµν =RµαRα
ν − 1

2RRµν − 1
4RαβRαβgµν + 1

8R2gµν + 1
2∇µ∇νR

− 1
2gµν�R −∇α∇(µRα

ν) + 1
2�Rµν + 1

2gµν∇α∇βRαβ ,

Qµν =RFµαF α
ν +∇αFα

ν∇βFβ
µ + 4R(µ|α|FαβF|β|ν) + 2FµαRαβFβν

+ 8FµαFαβFβγFγ
ν − 2∇(µ(Fν)β∇αFαβ)− 1

8F 4gµν − 1
4gµνRF 2

− 2∇α(Fα
(µ∇|β|F

β
ν)) + F 2FµβF β

ν + 2
(
∇(µFν)β

)
∇αFαβ

− 2∇α∇(µ
(
Fν)βFβα

)
+ �

(
FµβFβ

ν

)
+ gµν∇α∇β

(
FαγF β

γ

)
− 1

2∇µ∇νF 2 + 1
2gµν�F 2 + 1

2F 2Rµν − FαβFβγFγδF δαgµν

− FαβFβγRα
γ gµν +∇α(Fα

β∇γFγβ)gµν − 1
2

(
∇αFα

β

)
∇γFγβgµν
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Equations of motion

Ricci scalar and Electromagnetic EOM

R = 4Λ− κ
[

1
2F 4 + 1

2RF 2 + 2RαβFβγFγ
α + 4FαβFβγFγδFδα

+ ∇α∇β

(
Rαβ + 2FαδF β

δ

)
−�

(
R − 1

2F 2
)

+∇βFβγ∇αFαγ

]
.

∇αFαν = −κ
[
∇α

(
Fαν

(1
2R + 1

2F 2
))
− 4∇α

(
FαβFβγFγν

)
− 1

2� (∇αFαν)

−∇α

(
RαβF ν

β − RνβF α
β

)
+ 1

2∇α∇ν
(
∇βFβα

)]
.

Regardless of appearances, the solutions are rather simple.
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Solutions : Iterative procedure

Solutions : Iterative procedure

Λgµν = −Gµν + 8πTµν − κCµν ,

∇µFµν = −κDν .

Solve via gµν = g0
µν + g1

µν and Aµ = A0
µ + A1

µ

g0
µν = (f (r), f (r)−1, r2, r2sinθ2); f (r) = 1− 2m

r −
Λr2

3 + q2

r2

A0
µ =

(q
r , 0, 0, 0

)
Next order can now be solved :

Λg1
µν + G1

µν − 8πT 1
µν = −κCµν ,

∇0
µF 1µν +∇1

µF 0µν = −κDν ,
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Solutions : Iterative procedure

Solutions : Iterative procedure

κCµν =


−f (r)α(r) 0 0 0

0 α(r)(f (r))−1 0 0
0 0 r2β(r) 0
0 0 0 r2sin2θβ(r)

 ,

κDν =
(

12κ q3

r7 , 0, 0, 0
)

;

where α(r) = −9κ q4

2 r8 −
κΛ q2

r4 and β(r) = 3κ q4

2 Λ r8 + κ q2

r4

General solution for gµν and Aµ

gµν = (−(f (r) + κG(r)), (f (r) + κG(r))−1, 0, 0)

Aµ =
(

q
r + κB(r), 0, 0, 0

)
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Solutions : Iterative procedure

Solutions : Iterative procedure

RNdS correction:

G(r) = 3 q4

10 r6 −
Λ q2

r2 , B(r) = 3q3

5r5

Trace : R = 4Λ + 6κq4

r8 ; finite for all finite r.

No surface singularities present in the derived solution.

Procedure can be repeated for higher order solutions.
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Conclusion

Conclusions

Derived a 4-d action of EM coupled to EiBI.

Iterative procedure for solutions about a fixed background

→ O (κ) correction of Reissner-Nördstrom de Sitter.

Questions remain : Stability of solutions

EM wave propagation

Behaviour of geodesics.
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