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Einstein-Gauss-Bonnet+Born-Infeld Gravity

Action for Einstein’s GR with Maxwell electrodynamics:

S =

∫
ddx

[−√
gR

4
−

√
g

4
FABF

AB
]
. (1)

However we will use a String-inspired modified theory: Einstein-Gauss-Bonnet

gravity with Born-Infeld electrodynamics [Wiltshire(1988)]

S =

∫
ddx

[−√
gR

4
+ α

√
g
(
RABCDR

ABCD − 4RABR
AB + R2

)
+

+ b2

(
√
g −

√
det

(
gEF +

FEF

b

))]
. (2)

In the limit α → 0, b → +∞, Eq. 2 reduces to Eq. 1.

We consider a charged, spherically symmetric black hole solution from this

modified theory.
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Parameter space in classical GR
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Figure 1: Parameter space for a charged, massive scalar field and a charged black hole

in classical GR [de Paula et al.(2024)de Paula, Leite, Dolan, and Crispino]. In this case, no

unbounded superradiant regime is found.
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Parameter space in EGB+BI gravity
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Figure 2: Parameter space for a charged, massive scalar field and a charged black hole

in Einstein-Gauss-Bonnet gravity and Born-Infeld electrodynamics

(α/M = 0.22, b
√
M = 5).
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Conclusions and future work

• We have characterized the presence of unbounded superradiance in an

Einstein-Gauss-Bonnet black hole with Born-Infeld NED. Modifications of

gravity or of electrodynamics can both enable an unbounded superradiant

regime.

• Unbounded superradiance implies the BH is acting as an arbitrarily large

wave amplifier. Taking into account backreaction on the metric could be

necessary to fully characterize the dynamics.

• Open questions:

• Relation between unbounded superradiance and superradiant instabilities?

• Presence of unbounded superradiance in other models/rotational

superradiance?
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Thank you for your attention!

Any questions?
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Einstein-Gauss-Bonnet + Born-Infeld Black Hole

From our action, a spherically symmetric, charged black hole solution was

found [Wiltshire(1988)], with metric given by:

ds2 = −f (r)dt2 +
1

f (r)
dr 2 + r 2dΩ2

d−2, (3)

Figure 3: Metric function f(r) for b → ∞
and different values of α.

Figure 4: Metric function f(r) for α = 0

and different values of b.



Born-Infeld electrodynamics

For a point-charge Q at r=0, the electrostatic potential is given by

Φ(r) = −
∫ r

∞

Q√
Q2/b2 + z2d−4

dz . (4)

Figure 5: Electrostatic potential of a point charge for different values of b.



EGB + BI Black Hole solution

A spherically symmetric charged black hole is found, whose metric is given by

[Wiltshire(1988)]:

ds2 = −f (r)dt2 +
1

f (r)
dr 2 + r 2dΩ2

d−2, (5)

f (r) = 1+
r 2

8α̃

(
1 +

√
1 +

16α̃

rd−1
(2M + U(r))

)
, α̃ = (d−3)(d−4)α, (6)

U(r) =
4Q

d − 1

 Qr 3

(d − 2)

(
rd +

√
Q2r4

b2
+ r 2d

) +

∫
b2dr√

r 2d−4 + Q2

 . (7)

Taking α → 0 and b → ∞,

f (r) → 1− 2M

rd−3
+

2Q2

(d − 3)(d − 2)r 2d−6
. (8)



Born-Infeld Electrodynamics

The electrostatic potential for a point charge Q at r=0 yields,

Φ(r) =
b2

Q

(
1√
π

(
Q

b

)1+ 1
d−2

Γ

(
1 +

1

2d − 4

)
Γ

(
d − 3

2d − 4

)
−

− r

√(
Q

b

)2

+ r 2d−4
2F1

(
1,

d − 1

2d − 4
, 1 +

1

2d − 4
;−b2r 2d−4

Q2

))
, (9)

Taking b → ∞,

Φ(r) → Q

(d − 3)rd−3
. (10)



Superradiance of a scalar field

Let us consider a scalar field with mass µ and charge q in the black hole

background.

• Klein-Gordon equation (∇ν − iqAν)(∇ν − iqAν)Ψ− µ2Ψ = 0.

• Separation of variables. For a particular (l ,m) mode:

Ψ = r−(d−2)/2e−iωtuω,l(r)Yl,m(Ω) −→
(

d2

dr2⋆
− V (r)

)
uω,l(r) = 0.

• Boundary conditions

uω,l ∼

Tωle
−iκr⋆ , r⋆ → −∞ (r → rH)

Iωle
−iω̃r⋆ + Rωle

iω̃r⋆ , r⋆ → +∞ (r → +∞)
(11)

where κ = limr→rH

√
−V (r) = ω − qΦ(rH),

ω̃ = limr→∞
√

−V (r) =
√

ω2 − µ2.

• Absorption cross section given by

σ(ω) =
∑
l

σl(ω), σl(ω) = Fd,l
1

ω̃(d−1)
(ω − qΦ(rH))

|Tωl |2

|Iωl |2
. (12)

• Superradiance occurs when ω < qΦ(rH): extracting electrostatic energy

from the BH.



Superradiance and cross-section

(
d2

dr 2⋆
− Vω,l(r)

)
uω,l(r) = 0, dr⋆ = dr/f (r). (13)

Vω,l(r) = f (r)

(
(d − 2)(d − 4)

4

f (r)

r 2
+

d − 2

2r

df (r)

dr
+

l(l + d − 3)

r 2

)
−(ω − qΦ(r))2 .

(14)

Amplification factor:

Zωl =
|Rωl |2

|Iωl |2
− 1 = −ω − qΦ(rH)

κ

|Tωl |2

|Iωl |2
, (15)

Cross section:

σ(ω) =
∑
l

σl(ω), (16)

σl(ω) =
π(d−2)/2(l + d − 4)!(2l + d − 3)

Γ
(
d−2
2

) 1

κ(d−1)
(ω−qΦ(rH))

|Tωl |2

|Iωl |2
. (17)



Bounded/unbounded Cross-Section

Defining U(r) = limω→µ Vω,l=0(r) and expanding in powers of 1/r :

• d=4 :

U(r) = 2µ
qQ − µM

r
+O(r−2). (18)

• d=5 :

U(r) =
3/4 + qQµ− 2Mµ

r 2
+O(r−3). (19)

• d=6 :

U(r) =
2

r 2
+O(r−3). (20)

• d=7 :

U(r) =
15

r 2
+O(r−3). (21)

For d ≥ 6, there is no propagative region extending to infinity in the limit

ω → µ.



Bounded/Unbounded Cross-Section

Figure 6: Effective potential V (r) for

ω = µ in the unbounded region for the

cross-section.

Figure 7: Effective potential V (r) for

ω = µ in the bounded region for the

cross-section.
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