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A R T I C L E I N F O A B S T R A C T

Editor: R. Gregory We present new, exact, rotating and accelerating solutions within the framework of five-dimensional Einstein-
Gauss-Bonnet theory at the Chern-Simons point. The rotating solutions describe black holes characterized by a 
single rotation parameter, a mass parameter, and two extra integration constants that can be interpreted as hairs 
of a gravitational nature. It is noteworthy that the rotation cannot be removed by a large diffeomorphism. We 
also extend our procedure to dimension seven, providing a new rotating solution with two rotation parameters 
pertaining to cubic Lovelock theory with a unique vacuum.
1. Introduction

Constructing exact, analytic, rotating black hole solutions in the 
presence of higher curvature terms in higher dimensions has been a 
challenging endeavor, even within the simple framework of Einstein-
Gauss-Bonnet (EGB) gravity. In EGB gravity, the Einstein-Hilbert term 
is augmented by a quadratic curvature term, constructed in such a man-
ner that the second-order nature of the field equations is maintained [1]
(also see [2]). Thus far, within this framework, the only known rotat-
ing solutions have been obtained employing a large diffeomorphism via 
a boost of a planar black hole (see, for instance, [3], [4], [5], [6]), ex-
panding up to first order in the rotation parameter [7],1 or resorting to 
numerical methods [9], [10].

One of the challenges arises from a no-go result identified in [11], 
indicating that the Kerr-Schild ansatz, which proves fruitful in General 
Relativity (GR), fails to yield a rotating solution for arbitrary, finite val-
ues of the Gauss-Bonnet coupling parameter 𝛼. However, the referenced 
work also demonstrates that for a particular value of the Gauss-Bonnet 
coupling, satisfying 𝛼Λ = −3

4 (where Λ represents the cosmological term 
in the action), the Kerr-Schild ansatz indeed supports a rotating space-
time characterized by two rotation parameters. Notably, this spacetime 
configuration is non-circular [12], and within the original coordinate 
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E-mail address: fer.izaurieta@gmail.com (F. Izaurieta).

1 For a four-dimensional rotating and accelerating black hole solution in the low energy limit of string theory with 2 corrections, accurate up to ( ) ( ) ( )

patch in which the solution was derived [11], it lacks a Killing horizon. 
Additional investigations into the Kerr-Schild ansatz within the frame-
work of Lovelock gravity are provided in [13]. The significance of the 
relation 𝛼Λ = −3

4 extends to various aspects: in five dimensions with 
a negative cosmological constant, the gravitational theory can be refor-
mulated as a gauge theory for 𝑆𝑂(4, 2), featuring a Chern-Simons action 
for the gauge connection 𝐴, which accommodates both the vielbein and 
the spin connection [14]. Furthermore, under this condition, the theory 
overcomes causality constraints on shock wave propagation, which oth-
erwise necessitate the inclusion of higher-spin fields [16]. Moreover, it 
admits a unique maximally symmetric solution accommodating dimen-
sionally continued, static black holes [17], vacuum wormholes [18], 
[19], and supersymmetric black holes (cf. [20] and references therein). 
Consequently, exploring exact, stationary solutions within this partic-
ular parameter regime becomes a natural pursuit. The objective of the 
present paper is to introduce the first exact rotating black hole solution 
within this framework, complemented by a novel accelerating solution.

The paper is structured as follows: Section 2 begins by introducing 
the theory along with the novel rotating solutions. Causal structure anal-
ysis is conducted for various integration constant values, accompanied 
by the presentation of the effective potential governing radial geodesic 
motion. In Section 3, we unveil the newly derived accelerating solution 
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within the theory. Notably, physically plausible scenarios can be readily 
derived from the foundational three-dimensional metric with constant 
Ricci scalar curvature, as previously established in [21]. In Section 4, a 
novel solution is unveiled in seven dimensions, within the cubic Love-
lock theory at the Chern-Simons point. This solution is distinguished by 
two angular momenta and two integration functions. Finally, Section 5
encapsulates our concluding remarks.

2. The theory and the rotating black hole

The gravitational theory is described by the action

𝐼[𝑔] = ∫ 𝑑5𝑥
√
−𝑔

(
𝑅− 2Λ+ 𝛼

(
𝑅2 − 4𝑅𝑎𝑏𝑅

𝑎𝑏 +𝑅𝑎𝑏𝑐𝑑𝑅
𝑎𝑏𝑐𝑑

))
. (1)

When the cosmological constant is negative, it proves advantageous to 
express the Chern-Simons relation 𝛼Λ = −3

4 in terms of the AdS radius 𝑙
associated with the unique, maximally symmetric solution. This relation 
can be parameterized as follows

𝛼 = 𝑙2

4
and Λ= − 3

𝑙2
. (2)

The new rotating solution is determined by the expression

𝑑𝑠2 = 𝑙2 cosh2(𝜌)

[
−(1 + 𝑟2)

Ξ𝑎

𝑑𝜏2 + 𝑟2𝑑𝑟2

(1 + 𝑟2)(𝑟2 + 𝑎2)
+ (𝑟2 + 𝑎2)

Ξ𝑎

𝑑𝜙2

+𝑈 (𝑟)
(

𝑑𝜏 − 𝑎𝑑𝜙

Ξ𝑎

+ 𝑟2𝑑𝑟

(1 + 𝑟2)(𝑟2 + 𝑎2)

)2
]

+ 𝑙2𝑑𝜌2 + 𝑙2 cosh2(𝜌− 𝜌0)𝑑𝑧2 , (3)

where Ξ𝑎 = 1 − 𝑎2 and

𝑈 (𝑟) = 𝜇 + 𝑏

𝑟
. (4)

In the provided context, 𝜇 represents a mass parameter, and 𝑎 stands 
as the sole rotation parameter, while 𝜌0 and 𝑏 denote integration con-
stants interpreted as gravitational hair. These parameters exert influence 
on the trajectories of test particles navigating the geometry. The coordi-
nate ranges are defined as −∞ < 𝑡 <∞, −∞ < 𝜌 <∞, −∞ < 𝑧 <∞, and 
0 ≤ 𝜙 < 2𝜋, with periodic identification. Notably, the coordinate 𝑧 per-
mits trivial compactification since 𝑔𝑧𝑧 in Equation (3) never achieves 
a zero value. The discussion concerning the range of the coordinate 
𝑟 is postponed for now. We restrict ourselves to consider 𝑎2 < 1. The 
surfaces characterized by constant 𝜌 and constant 𝑧 coordinates define 
Kerr-Schild geometries, which facilitate the integration of field equa-
tions. However, it is noteworthy that the Kerr-Schild geometry herein is 
three-dimensional, as opposed to the typical five-dimensional counter-
part, as a means to circumvent the constraints elucidated in [11].

To analyze the causal structure effectively, it proves beneficial to 
implement the following change of coordinates

𝜏 = 𝑡+ 𝑎𝜓 + ∫ 𝐹1(𝑟)𝑑𝑟 and 𝜙 = 𝜓 + 𝑎𝑡+ ∫ 𝐹2(𝑟)𝑑𝑟 , (5)

where

𝐹1(𝑟) =
(𝜇𝑟+ 𝑏)𝑟

(𝑟2 + 1)(𝑟4 + (𝑎2 − 𝜇 + 1)𝑟2 − 𝑏𝑟+ 𝑎2)
and

𝐹2(𝑟) = 𝑎
(𝑟2 + 1)
(𝑟2 + 𝑎2)

𝐹1(𝑟) .
(6)

In these transformed coordinates, the metric (3) assumes the form

𝑑𝑠2 = 𝑙2 cosh2(𝜌)
[
−𝑁2𝑑𝑡2 + 𝑑𝑟2

𝑁2 + 𝑟2 (𝑑𝜓 +𝑁𝜓𝑑𝑡)2
]

+ 𝑙2𝑑𝜌2 + 𝑙2 cosh2(𝜌− 𝜌0)𝑑𝑧2 , (7)

where

𝑏 𝑗2 𝑗
2

𝑁2 = 𝑟2 −𝑀 −
𝑟
+

4𝑟2
and 𝑁𝜓 = −

2𝑟2
, (8)
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with 𝑀 = 𝜇 − 1 − 𝑎2 and 𝑗 = 2𝑎. Notably, these coordinates assume the 
Boyer-Lindquist form, as the Killing vectors 𝜕𝑡 and 𝜕𝜓 are orthogonal to 
the non-Killing ones, thereby ensuring the spacetime’s circularity. When 
𝑏 = 0, the spacetimes characterized by constant 𝜌 and constant 𝑧 corre-
spond to three-dimensional BTZ black holes [22], featuring event (𝑟+) 
and Cauchy (𝑟−) horizons located at

𝑟BTZ
± =

√
𝑀 ±

√
𝑀2 − 𝑎2

2
. (9)

It is well-established that in this scenario, the rotation can be removed 
via a large diffeomorphism (boost) on the (𝑡, 𝜓) plane. Remarkably, 
when 𝑏 does not equal zero, it can be demonstrated that a general lin-
ear transformation of the form 𝑡 → 𝛼𝑡 + 𝛽𝜓 and 𝜓 → 𝛾𝑡 + 𝜎𝜓 yields a 
static spacetime (where the 𝑑𝑡𝑑𝜓 term vanishes) only if

(𝛼𝛽 − 𝛾𝜎)𝑟3 + (−𝑀𝛼𝛽 + 𝛼𝜎𝑎+ 𝛽𝛾)𝑟+ 𝛼𝛽𝑏 = 0 , (10)

which is impossible for generic values of the radial coordinate 𝑟 when 
𝑏 is non-zero. Consequently, our newly derived solution inherently pos-
sesses rotation that cannot be nullified via a large boost on the (𝑡, 𝜓)
plane. The spacetime described by Equation (7) exhibits a curvature sin-
gularity at 𝑟 = 0, as evidenced by the computation of the Kretschmann 
invariant as 𝑟 → 0

𝑅𝑎𝑏𝑐𝑑𝑅
𝑎𝑏𝑐𝑑 = 6𝑏2

𝑙4 cosh2 𝜌
1
𝑟6

+(1) . (11)

As 𝜌 → ±∞, the spacetime asymptotically approaches locally AdS5 . This 
configuration can be understood as a non-homogeneous string, with the 
𝜌 coordinate delineating the string, foliated by 𝜌 = constant spacetimes 
representing rotating black holes. This interpretation arises from the po-
tential existence of up to two zeros of the function 𝑔𝑟𝑟, denoted as 𝑟+
and 𝑟−, which correspond to event and Cauchy horizons, respectively. 
When 𝑏 = 0, these horizons lie at the positions indicated in Equation (9). 
However, with a non-vanishing parameter 𝑏, their positions are altered, 
leading to the presence of horizons even when 𝑀 < |𝑗|. While the hori-
zons locations can be expressed algebraically, it proves more instructive 
to examine the family of plots depicted in Fig. 1

Fig. 1 illustrates plots of the quartic function 𝑟4 −𝑀𝑟2 + 𝑗2∕4 along-
side straight lines of the form 𝑏𝑟, versus the coordinate 𝑟, showcasing 
different parameter values. A horizon emerges each time the straight 
line intersects the quartic, as these intersections correspond to zeroes 
of the 𝑔𝑟𝑟 component of the metric (7). The outer horizon consistently 
manifests as an event horizon, while the inner horizon serves as a 
Cauchy horizon. This determination arises from the dominance of the 
quartic for large 𝑟, rendering 𝜕𝑡 timelike in the asymptotic region as 
𝑟 → ∞. The upper-left panel in Fig. 1 delineates the various possible 
horizons for 𝑀 > |𝑗| across diverse 𝑏 values. Notably, there exists a 
minimum 𝑏 = 𝑏min value, below which an extremal black hole emerges, 
while above it, both an event and a Cauchy horizon materialize for any 
𝑏 > 𝑏min. When 𝑏 falls below 𝑏min, the spacetime describes a naked singu-
larity. In the upper-right panel of Fig. 1, distinct curves are depicted for 
scenarios where 𝑀 = |𝑗| and 0 < 𝑀 < |𝑗|. For zero gravitational hair 
𝑏, the spacetime embodies an extremal black hole in the former case, 
while it presents a naked singularity in the latter. The introduction of 
a non-zero, positive 𝑏 > 𝑏min > 0 parameter yields an extremal horizon 
for 𝑀 < |𝑗|. Furthermore, for larger values of the minimum 𝑏 > 0 in this 
scenario, the spacetime once again develops both an event and a Cauchy 
horizon. Finally, the lower panel of Fig. 1 illustrates a scenario akin to 
the upper-right panel, albeit for 𝑀 < 0.

When an event horizon exists, it is possible to demonstrate the pres-
ence of an ergoregion surrounding it, with its outer boundary located at 
𝑟 = 𝑟𝑒, where

𝜂(𝑟𝑒) = 𝑟2
𝑒
−𝑀 − 𝑏

𝑟𝑒
= 0 . (12)
The horizon generator is denoted as
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Fig. 1. Different cases for the functions 𝑟4 −𝑀𝑟2 + 𝑗2∕4 and 𝑏𝑟 for diverse values of the parameters, versus the radial coordinate 𝑟. The intersections of the straight 
lines (𝑏𝑟) and the quartics show the existence of a horizon, located at the value of the horizontal coordinate of the intersection point. Notice that since the quartic 
dominates for large 𝑟, the three-dimensional spacetime spanned by the coordinates (𝑡, 𝑟, 𝜙) is always asymptotically AdS3, the largest horizon is an event horizon and 
the smallest, when it exists, it is a Cauchy horizon (see bulk of the manuscript for detailed explanations).
𝜉 = 𝜕𝑡 +Ωℎ𝜕𝜙 , (13)

where the angular velocity of the horizon is given by Ωℎ = 𝑗

2𝑟2+
and 

𝑟 = 𝑟+ signifies the event horizon’s location. Utilizing this information, 
one can compute the black hole’s temperature

𝑇 = 𝜅

2𝜋
=

4𝑟4+ + 2𝑏𝑟+ − 𝑗2

8𝜋𝑟3+
. (14)

Here, 𝑀 has been replaced as a function of (𝑟+, 𝑏, 𝑗). As anticipated, 
increasing the angular momentum value diminishes the black hole’s 
temperature, as it approaches extremality.

Before delving into the accelerated solution, let us analyze the time-
like geodesic orbits of test particles on the 𝜌 = 0, 𝑧 = 0 submanifold. 
The Killing vectors 𝑇 = 𝜕𝑡 and Φ = 𝜕𝜓 yield conserved quantities along 
the geodesic motion, denoted as 𝐸 = −𝑇 𝜇𝑈𝜇 and 𝐿 =Φ𝜇𝑈𝜇 , where 𝑈𝜇

represents the affinely parameterized velocity vector 𝑈𝜇 =
(
�̇�, �̇�, �̇�, �̇�, �̇�

)
. 

Utilizing these conserved quantities alongside the normalization condi-
tion 𝑈𝜇𝑈𝜇 = −1 leads, as customary, to an equation of the form

𝑔𝑟𝑟�̇�
2 =𝑈 (𝑟) ∶= −1 +

(𝑔𝜙𝜙𝐸
2 +𝐿2𝑔𝑡𝑡 + 2𝑔𝑡𝜙𝐿𝐸)

𝑔2
𝑡𝜙
− 𝑔𝜙𝜙𝑔𝑡𝑡

, (15)

where we define an effective potential, which further simplifies to

𝑈 (𝑟) = −1 + 4((𝐸2 −𝐿2)𝑟3 +𝐿(−𝑗𝐸 +𝐿𝑀)𝑟+ 𝑏𝐿2)
𝑟𝑙2(4𝑟4 − 4𝑀𝑟2 − 4𝑟𝑏+ 𝑗2)

. (16)

A comprehensive exploration of the geodesic structure of this spacetime 
will be provided in forthcoming work.

3. Accelerated solution

In the realm of non-static solutions, General Relativity accommo-
3

dates accelerating black holes [23–26]. In asymptotically flat scenarios, 
such spacetimes feature both event and acceleration (Rindler) horizons. 
The maximal analytic extension portrays two black holes undergoing 
acceleration, either propelled apart by a strut positioned in between or 
pulled by a string from infinity. Apart from their inherent significance, 
these configurations played a pivotal role in the conceptualization of 
the five-dimensional Black Ring [27,28]. Hence, a pertinent inquiry 
arises: can one construct accelerating black holes within the framework 
of higher curvature gravity? Notably, such investigations have been con-
ducted in the context of four-dimensional C-metric solutions, along with 
their conformally coupled scalar field counterparts [29]. Given the fo-
cus of this manuscript and recognizing the enlarged solution space in 
Einstein-Gauss-Bonnet theory at the Chern-Simons point compared to 
cases with generic couplings, we explore the existence of accelerating so-
lutions within the theory described by Equation (1) at the Chern-Simons 
point (2). We employ an ansatz akin to Equation (3), wherein the three-
dimensional metric within the square bracket of Equation (3) is replaced 
by an accelerating, three-dimensional spacetime. Our task is facilitated 
by recent findings in [21], where an accelerating three-dimensional 
spacetime was established. This spacetime possesses a constant Ricci 
scalar but does not exhibit constant Riemann curvature, owing to its 
sourcing by a conformally coupled scalar field.

Consequently, the new accelerating solution in Einstein-Gauss-
Bonnet theory at the Chern-Simons point can be expressed as follows

𝑑𝑠2 = 𝑙2 cosh2 (𝜌)
𝐴2(𝑥+ 𝑦)2

(
−𝐹 (𝑦)𝑑𝑡2 + 𝑑𝑦2

𝐹 (𝑦)
+ 𝑑𝑥2

𝐺(𝑥)

)
+ 𝑙2𝑑𝜌2

+ 𝑙2 cosh2
(
𝜌− 𝜌0

)
𝑑𝑧2 (17)

where

𝐹 (𝑦) = − 𝜎(1 − 𝑦2)(1 − 𝜉𝑦) + 1
𝐴2 , 𝐺(𝑥) = 𝜎(1 − 𝑥2)(1 + 𝜉𝑥) . (18)

Here, 𝐴 represents the acceleration parameter and 𝜉 denotes an integra-

tion constant. The 𝜎 parameter, which can take the values ±1, simply 
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denotes, along the lines of [21], the family of solutions taken into con-
sideration. This metric, for 𝜎 = −1, describes a three-dimensional accel-
erating spacetime with a constant Ricci scalar equal to −6, warped along 
an extended direction parameterized by the coordinate 𝜌. In essence, the 
constant (𝜌, 𝑧) sections embody accelerating spacetimes. The potential 
causal structures can be readily obtained from Ref. [21].

4. Extension of the rotating solution to seven dimensions

Both the rotating solution (3) and the accelerating solution (17) de-
rived within the framework of the Einstein-Gauss-Bonnet (EGB) theory, 
as presented in the preceding sections, can be interpreted as uplifts to 
five dimensions of three-dimensional spacetimes characterized by a con-
stant Ricci scalar of −6. Building upon the success of this approach, we 
extend our analysis to seven dimensions by considering the spacetime 
metric

𝑑𝑠27 = 𝑙2 cosh2 (𝜌)𝑑𝑠25 + 𝑙2𝑑𝜌2 + 𝑙2 cosh2
(
𝜌− 𝜌0

)
𝑑𝑥2, (19)

in cubic Lovelock theory with a unique vacuum, of which the field equa-
tions can be written in a compact manner as

𝐸𝜈
𝜇
= 𝛿

𝜈𝛼1 ...𝛼6
𝜇𝛽1 ...𝛽6

�̄�
𝛽1𝛽2
𝛼1𝛼2

�̄�
𝛽3𝛽4
𝛼3𝛼4

�̄�
𝛽5𝛽6
𝛼5𝛼6

= 0 . (20)

Here

�̄�
𝛽1𝛽2
𝛼1𝛼2

=𝑅
𝛽1𝛽2
𝛼1𝛼2

+ 1
𝑙2

𝛿
𝛽1𝛽2
𝛼1𝛼2

.

This theory can also be formulated as a gauge theory with a fiber struc-
ture for the group 𝑆𝑂(6, 2), where, as in dimension five, the vielbein 
and the spin connection arise as components of a gauge connection val-
ued on the corresponding Lie algebra [14], [15]. It is worth mentioning 
that in this context, a rotating solution with three equal rotation param-
eters was already constructed in [30]. As shown below, our setup given 
by the metric (19), allows us to capture rotating spacetimes with two 
different rotation parameters, in dimension seven.

In a similar manner as for EGB case, we consider the five dimensional 
Kerr-Schild metric 𝑑𝑠5 in (19), with

𝑑𝑠25 = −
(
1 + 𝑟2

𝐿2

)
Δ(𝜇)
Ξ𝑎Ξ𝑏

𝑑𝑡2 + 𝑟2𝜌2𝑑𝑟2(
1 + 𝑟2

𝐿2

)(
𝑟2 + 𝑎2

)(
𝑟2 + 𝑏2

)
+ 𝜌2𝑑𝜇2

Δ (𝜇)
(
1 − 𝜇2

) +
(𝑟2 + 𝑎2)

(
1 − 𝜇2)

Ξ𝑎

𝑑𝜙2 + (𝑟2 + 𝑏2)𝜇2

Ξ𝑏

𝑑𝜓2

+ 𝐹 (𝑟, 𝜇)

(
Δ(𝜇)
Ξ𝑎Ξ𝑏

𝑑𝑡+ 𝑟2𝜌2𝑑𝑟(
1 + 𝑟2

𝐿2

)(
𝑟2 + 𝑎2

)(
𝑟2 + 𝑏2

)
+

𝑎
(
1 − 𝜇2)
Ξ𝑎

𝑑𝜙+ 𝑏𝜇2

Ξ𝑏

𝑑𝜓

)2

, (21)

where, as usual Ξ𝑎 = 1 − 𝑎2

𝐿2 , Ξ𝑏 = 1 − 𝑏2

𝐿2 , and Δ (𝜇) = Ξ𝑎𝜇
2 +

Ξ𝑏

(
1 − 𝜇2). The field equations of cubic Lovelock theory, with a unique 

vacuum (20), are fulfilled provided the Kerr-Schild function 𝐹 (𝑟, 𝜇) sat-
isfies the quadratic polynomial equation(

4𝑟2 − Σ2

2Σ2

)
𝐹 (𝑟, 𝜇)2 + 3

𝐿2

(
𝐿2 − 1

)
Σ2𝐹 (𝑟, 𝜇)

= 6𝑚 (𝜇) +
𝑑 (𝜇)
𝑟

− 3
𝐿2

(
𝐿2 − 1

)
𝑟2
(
10Σ2 − 7𝑟2

)
, (22)

where we have defined

Σ2 = 𝑟2 + 𝑎2𝜇2 + 𝑏2
(
1 − 𝜇2) . (23)

In this case, 𝐿 is an integration constant, while 𝑚(𝜇) and 𝑑(𝜇), are in-
tegration functions, which play the role of the constants 𝑚 and 𝑏 of 
EGB solution (3). For general values of the integration constants and 
4

functions, it was shown in [12] that the five dimensional spacetime 𝑑𝑠25
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is non-circular, a property that is inherited by the seven-dimensional 
spacetime (19).

5. Conclusions

In this work, we have presented the first exact rotating black hole 
solution of Einstein-Gauss-Bonnet gravity at the Chern-Simons point. 
Additionally, we introduced a new accelerating solution and extended 
the rotating spacetime to cubic Lovelock theory with a unique vacuum. 
In dimension five, the solution possesses a single rotation parameter, 
and the geometry can be understood as the uplift of a three-dimensional 
black hole with constant Ricci scalar to dimension five, through the in-
clusion of a suitable warp factor. Similarly, the rotating black hole in 
dimension seven arises as the oxidation of a five-dimensional geometry 
that satisfies the trace of the EGB field equations with a unique vacuum.

The five-dimensional black hole metric (7) is circular and charac-
terized by four integration constants: a mass parameter 𝑀 , an angular 
momentum parameter 𝑗, and two gravitational hairs 𝑏 and 𝜌0. For non-
vanishing 𝑏, we demonstrated that the crossed term in the metric 𝑔𝑡𝜓
cannot be removed by a boost, resulting in a spacetime with intrinsic 
rotation. Additionally, we showed that the geodesic equation is sepa-
rable, obtaining the effective potential for radial motion, which can be 
utilized for future analyses of particle motion on this rotating geome-
try. For generic parameter values, the event horizon is surrounded by 
an ergoregion. Our new solutions satisfy the vacuum field equations of 
Einstein-Gauss-Bonnet theory at the Chern-Simons point. Similar oxi-
dations of rotating solutions in the presence of non-minimally coupled 
scalar fields within the Horndeski family, leading to exact rotating so-
lutions in Einstein-Gauss-Bonnet gravity in arbitrary dimensions, were 
constructed in [31].

Since the component 𝑔𝑡𝜓 of the black hole metric (7) is governed by 
the integration constant 𝑗, it is natural to identify such a constant with 
the angular momentum. In EGB at the Chern-Simons point, a conserved 
charge can be obtained by applying Noether’s theorem to a suitably 
regularized action principle in asymptotically locally AdS spacetimes 
[32,33], which can be applied to obtain the energy of the dimensionally 
continued black holes [17] as well as to compute the energy content of 
the wormhole geometries that exist in EGB at the Chern-Simons point 
[18]. Since our new rotating black hole (7) possesses two asymptot-
ically locally AdS regions as 𝜌 → ±∞, one may apply the formulae of 
[32,33] to obtain the mass 𝑄 

(
𝜕𝑡
)

and the angular momentum 𝑄 
(
𝜕𝜓

)
as 

conserved charges associated with the corresponding isometries. How-
ever, one can observe that such computations yield infinite values for 
the conserved charges, with the divergence stemming from the non-
compactness of the radial coordinate 𝑟 as 𝑟 → ∞. In this region, the 
geometry is not asymptotically locally AdS, thus rendering the regular-
ization prescription of [32,33] inapplicable. To explore the thermody-
namics of our new rotating solutions, it would be valuable to develop 
a new regularization scheme for Einstein-Gauss-Bonnet gravity at the 
Chern-Simons point, adapted to the asymptotic behavior observed as 
𝑟 →∞, which may yield finite values for the charges.

Before finishing, we would like to repeat, that the three-dimensional 
spacetimes within the square bracket in (7) fulfill a single scalar equa-
tions. Therefore, if one starts with a metric with two unknown functions, 
say 𝑁(𝑟) and 𝑁𝜙(𝑟), one would find an infinite family of solutions. This 
degenerate behavior is well-known at the Chern-Simons point (see e.g. 
[20], [34] and [35]). Some of this degeneracy may be attributed to 
the existence of an enhanced gauge redundancy at the Chern-Simons 
point generated by the Local AdS boosts, that in contrast with the Local 
Lorentz Transformations, act non-trivially on the metric, and generi-
cally produce a non-vanishing torsion. It would be interesting to explore 
whether our solutions can be embedded in the context of Chern-Simons 
supergravity (see e.g. [20,36]), dressing the spacetime geometry by a 
suitable torsion and/or 𝑈 (1) and 𝑆𝑈 (𝑁) fields. Imposing the existence 

of Killing spinors may also reduce the degeneracies of the solution space.
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