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equal, and hence the metric is of cohomogeneity one. We construct these metrics in a Kerr-Schild form,
but they can then be recast in terms of Boyer-Lindquist coordinates. The other class involves metrics
with only a single non-vanishing angular momentum. Again we construct them in a Kerr-Schild form,
but in this case it does not seem to be possible to recast them in Boyer-Lindquist form. Both classes of
solutions have naked curvature singularities, arising because of the over rotation of the configurations.
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1. Introduction

Although Einstein’s theory of gravity is highly non-linear, exact solutions do exist, including the celebrated (static) Schwarzschild [1]
and (rotating) Kerr [2] metrics. Whilst the generalization of the Schwarzschild metric to higher dimensions is straightforward, such a
generalization of the Kerr metric leads to still exact, but considerably more complicated solutions [3], especially so when the metrics are
asymptotic to (A)dS ((anti-)de Sitter) spacetimes [4-6].

Finding exact solutions becomes much more difficult when Einstein gravity is extended with higher-order curvature invariants, even
in the case of static solutions. Einstein gravity extended with quadratic curvature invariants in four dimensions was shown by numerical
methods to admit a new static black hole over and above the Schwarzschild metric, but no exact solution is known [7,8]. The existence of
such new black holes was shown numerically also when a cosmological constant or a Maxwell field is included [9,10].

In higher dimensions, when higher-order ghost-free Euler integrands are no longer total derivatives, Einstein-Gauss-Bonnet or more
general Lovelock gravities can be constructed [11]. In these theories, exact solutions for static black holes have been found [12,13], and
these have smooth limits to the Schwarzschild metric when the higher-derivative couplings are sent to zero. Exact solutions for rotating
black holes remain elusive in these theories.

Recently, a five-dimensional rotating solution [14] was constructed in the Einstein-Gauss-Bonnet (EGB) theory, for a certain critical
value of the coupling constant for the Gauss-Bonnet term. For generic values of the coupling constant, the EGB theory admits two (A)dS
vacua with different cosmological constants. One of these has a positive kinetic energy for linearized graviton fluctuations, while the other
has a negative kinetic energy [12]. At the critical value of the coupling, the two values for the (A)dS cosmological constants coalesce, and
the linearized equations of motion are automatically satisfied, leading to a gravity theory without a linearized graviton fluctuation [15],
and for which further exact solutions can be constructed.

The equations of motion of for higher-order Lovelock gravities can also be factorized for certain specific choices of the coupling con-
stants, again giving rise to only a single (A)dS vacuum with one specific cosmological constant. Such theories were classified and studied
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in [16]. The critical EGB theory mentioned earlier is a special case. The purpose of this paper is to generalize the five dimensional rotating
solution that was found in [14] for the critical EGB theory to the critical Lovelock gravities of order n in the Riemann tensor, in the
spacetime dimension d = 2n + 1. We obtain exact rotating solutions in two cases. In the first, the n angular momenta in the n orthogo-
nal spatial 2-planes are all equal, and hence the metric is of cohomogeneity one. We obtain these solutions first in a Kerr-Schild form,
but we find that they can then be recast into a form written using Boyer-Lindquist type coordinates. This rewriting has the advantage
that it is easier to study the global structure of the solutions. The second class of rotating solutions that we obtain involve only a single
non-vanishing angular momentum. Again, we obtain the solutions in a Kerr-Schild form, but in this case there appears to be no way to
introduce Boyer-Lindquist type coordinates.

The paper is organized as follows. In section 2, we review the construction of the critical Lovelock gravities. In section 3, we consider
static and spherically-symmetric solutions. Next, we focus on Lovelock gravities of order n in d =2n + 1 dimensions. In section 4, we
construct the exact rotating solutions where all the angular momenta are equal. In section 5, we construct the second class of rotating
solutions, where only a single angular momentum is non-zero. We conclude the paper in section 6. In the Appendix A, we present details
of the Riemann tensor for the single-angular momentum metrics.

2. Critical Lovelock gravities

In this section, we review the construction of [16]. We start with the general class of Lovelock gravities, for which the Lagrangian is
given by

n
e 'L=Y aE®, (2.1)
where
1
Y = ol AR+ Ry (2.2)

and R Y denotes the Riemann tensor R“Y oo and!

Sl =swf) o (2.3)
The Euler integrands E® can also be expressed as

k (2k)! plriv Wi Vil
EW = S Rigvy - Ry - (2.4)

The first few cases are given by

E9=1, ED=Rp,
E® = R? —4RMVR,, + R*YPOR 10, etc. (2.5)

In order for all the Euler integrands E®) in (2.1) to be non-trivial, the spacetime dimension d should be > 2n + 1.
The term ./—gE® in the Lagrangian (2.1) gives a contribution

(v _ 1 oP101PkOKV pH1V1 MYk
EM = Tkt Mlvl"-MkUkMRﬂlUl "'Rpkifk (26)

to the equations of motion.
The equations of motion following from (2.1) imply that the general condition for an (A)dS spacetime with R, = A g;,,, to be a solution

is that A should be any of the roots of a certain nth-order polynomial, with coefficients proportional to the constants «. By choosing the
coefficients oy, appropriately, one can arrange that all the roots are equal. This case corresponds to having the equations of motion

_ P101-PnOn vV U1V DMnVn
EZ, 2n+18 111)1 "nvnu. R 11011 ---R ,1"0,1 :O! (2-7)
where R’,f(,, which we shall refer to as the subtracted Riemann tensor,” is given by
RL — gy 4 gy 2.8
po — Rpo + 6_2 po - ( . )

The subtracted Riemann tensor vanishes in the case of an AdS vacuum with radius ¢. We could, alternatively, obtain a de Sitter solution,
by taking ¢% < 0. It turns out that

T Note that this normalization for 60,] Ofs is not the rather standard “unit-strength” convention.
2 Note that in the case of an Einstein metric with cosmological constant such that Ryp=—(— 1)¢2 guv, the subtracted Riemann tensor (2.8) is nothing but the Weyl
tensor.
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— n k k (d 2k — 1! kv
kZ gz " d—an 1)‘15“ ) (2.9)

These theories were constructed and studied in [16]. We shall refer to them as critical Lovelock gravities of order n.
In this paper, we are interested in the case with d = 2n + 1, corresponding to the critical gravity of maximum order in a given odd
dimension. Thus we have

n
1
E=Y" (E_Z)"*k ckem—K) EPY. (2.10)
k=0

The corresponding Lagrangian is thus

n
1
1, _ —k ~k (k)
e £_kE_O(€—2)” “Ci2n—Kk)HEY. (211)

The critical Lovelock gravities are characterized by the fact that they admit only a single (A)dS vacuum, for which the subtracted
Riemann tensor vanishes. The linearization around the AdS vacuum was studied for the five-dimensional case (i.e. Einstein—-Gauss-Bonnet,
EGB) in [15]. It turns out that for a generic EGB theory, where there are two inequivalent (A)dS vacua, the kinetic term for the linearized
graviton gives positive energy in one vacuum, and negative energy in the other. When the two (A)dS spacetimes coalesce, i.e. in the critical
theory, the linearized perturbation equations become vacuous. The perturbation equations at quadratic order were derived in [15]. It is
straightforward to see that for the critical Lovelock gravity of order n, the analogous perturbation equations up to and including order
(n — 1) are vacuous.

3. Static solutions

In this paper, we are interested in constructing solutions where, unlike in (A)dS, the subtracted Riemann tensor does not vanish. The
simplest such case is perhaps a static, spherically-symmetric metric, for which the most general ansatz takes the form
dy?

2,02
pa + y2d5 5, (1)

dr?
dS2 = —h(r)dtz f + erQd 2,6 ngfz,é = 1

)
with € =1,0,—1, and dQ3 ; is the metric for a unit round S9~3. (To be precise, we include the topologies T¢~2 and H?~?2 also, cor-
responding to taking € = 0, —1 respectively.) The critical theories admit black hole solutions with h = f. These solutions were obtained
in [16]. For d = 2n + 1, the solution becomes particularly simple, being given by

h=f=r*/®>+e—p, (3.2)

where p is an integration constant.
It was shown in [15] that the critical EGB theory admits another type of static solution, with

f=r?/2+€,  h=h(r) is an arbitrary function. (3.3)
We may easily check that in fact this gives a solution in all the critical Lovelock gravities: The subtracted Riemann tensor ’R\% is given by

R _ W —2h  Qhh"—h'?)(e+12/¢%) (3.4)

2 2rh 7 2he2 4h? ' ’
with all remaining components, aside from those following from (3.4) by the Riemann tensor symmetries, vanishing identically. As ex-
pected, the subtracted Riemann tensor vanishes when h =r2/¢% + ¢, corresponding to the AdS vacuum. It is straightforward to see that
(3.4) satisfies the equations of motion (2.7) in all the critical Lovelock theories in d > 2n + 1 dimensions, since the non-vanishing compo-
nents of the subtracted Riemann tensor are not sufficient to span the entire range of index values required by the antisymmetric §-tensor
in (2.7).

~ 1 (€ + 12/
t

4. Rotating solutions: all equal rotation

A rotating solution in the five-dimensional critical EGB theory was obtained in [14], by taking the metric to have a Kerr-Schild form
with an AdS “base” ds® that is written in spheroidal coordinates. The geodesic null vector K w that is used in the Kerr-Schild construction
in [14] is the same as the one used in the construction of the Kerr-Schild form of the five-dimensional Kerr-AdS metric in [5,6]. However,
the function w in the Kerr-Schild metric ds = ds% + w (K,de“)2 is quite different in [14] from the one in [5,6] that gives Kerr-AdS.

The rotating solution in [14] has independent rotation parameters in the two orthogonal spatial 2-planes. We have looked without suc-
cess for analogous solutions with independent rotation parameters in the higher-dimensional critical Lovelock gravities (2.7) in dimensions
d =2n+ 1. However, we have been able to construct higher-dimensional generalizations in the case where all the rotation parameters are
taken to be equal. As was shown in [5,6], the AdS base metric can then be written in terms of the Fubini-Study metric on CP"~!. We find
that the full Kerr-Schild metric for the critical Lovelock solution takes the form
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ds” = d5% 4 1 + )k, (41)
with
’r? 2 22 2, 2
o (g7rt+1at ridr 2 +a , ,
K=Kyt = Lfat —atay 1 A)] 4 o T (42)
e @R+ )P +ad)’ ,

where E =1—g2a? and d=?2 , is the Fubini-Study metric on CP"~!, with its canonical normalization Rgy = 21 Zgp. As with the Kerr-AdS
metrics in odd dimension and with equal angular momenta, the solutions we obtain here have cohomogeneity one.

The metric (4.1) can be recast in terms of Boyer-Lindquist coordinates (for which there are no cross terms between dr and the other
coordinate differentials), by means of the transformations

Ar2dr
dt =dt + 53 IV
(T+gr)(1— (A —gr)
arr?dr
dy =d 2adt : 43
oy (@2
The metric (4.1) then becomes
212 4 2 2
p°h a 2 p*/(do+A) a 2 dp P
ds? = — 2 <dT_E(dO+A)) +r—2(T—pdT> +h—2+id2ﬁ,1, (44)
where we use p = +/r?2 +a? as the radial variable, and
P=p?=a*, h=1-0-g)(p*-d). (4.5)
We now prove that the metric (4.4) indeed satisfies the equation (2.7). It is convenient to define the vielbein basis
h d
e0=p—(dt—g(d0+A)>, ol =P
r B h
2 dr+A
ezzp—((t—j)—%d‘[), 1= P g, (4.6)
r 2 p VE

where &° is a vielbein basis for CP"~!. In fact, for the purposes of the calculations below, we need not restrict the metric dZ,i1 to be

that of CP"~! specifically; we may take it to be any Kihler metric on a complex manifold X"~ of complex dimension n — 1.
With the function h(p) as yet arbitrary, the torsion-free spin connection is given by

/
r (ph a a ha h
wor =—— <—) e+ 56, wn=e', wu=—Jne’, ou=-—¢, (4.7)
p\r r r pr P
hr' 2hp a 1 _ ha 1
0)12:<7—T>32—790, CUZa:*]abebv wab:wab—*]abeo—*hbezy
r r r r or r

where a prime denotes a derivative with respect to p, Jq, are the vielbein components of the Kahler form of X", ie. J = %jab el neb,

and @, is the spin connection of K", The curvature 2-forms, after taking h(p) to be given by (4.5), are given by

Oo=—-(—ghelne',  Op=—0-g?e’re,
havE -
Oua=—-(—ghe ne’ + pfr_(vcjab)emeb, Ou=(—g?e' e,

JE -
®2a=(x—g2>e2Ae"+7(vc1ab>e%eb,

- 1+a*(r—g?) . hav/&
Oap = Ogp + (A — g2 e neb — g Sabea €A e! — (Ve Jap) o

1
e“ el + ?ec/\e2>, (4.8)

where @y, is the curvature 2-form of K"~1, and

Qabed = Sac Sbd — Sad Sbe + Jac Jod — Jad Jbe +2Jab Jed - (4.9)

Note that all the terms involving (V, Jgp) in (4.8) actually vanish, since the Kihler form is covariantly constant.
It is now evident that if we define R*", as in (2.8), then provided we choose g and A such that

1 2
Z=g 0, (4.10)

then the only non-vanishing components of 'ﬁl‘”pa will be when the indices lie in the directions of the Kdhler manifold, with
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~ g - 14+a?(x — g?)
ab ab ab
Rg=—=R"c———>5—%
ol
Since these non-zero components lie within a (2n — 2)-dimensional subspace of the full (2n 4+ 1)-dimensional spacetime, it follows that
the antisymmetrisations in (2.7) will ensure that the field equations are satisfied.

Note that this gives a solution of the equations of motion when /C"~! is any Kihler manifold. For the particular case we started with,
when K"~1 = CP"~! with its standard Fubini-Study metric which has constant holomorphic sectional curvature,

cd - (411)

ko)

Rabed = Qabed - (4.12)

we have the especially simple result that

’Eab

az
cd= " "2

Qb ;. (413)

5. Rotating solutions: a single rotation

We have also been able to construct rotating solutions in the d = 2n + 1 dimensional critical Lovelock gravities (2.7) in the case that
just a single rotation parameter is non-vanishing. The metric in d = 2n + 1 dimensions is given by

ds®> = ds® + A p?K?, (1)
with

2.2 2 2.2 2492 2 1 g2y sin2 Ad b2
) 12 4 1) Agdt dr do r“ 4+ a“) sin” 6d
g2 (& 2)29 — p — P _|_( ) — ¢ +1r2cos?0dQ3, 5,

1—a’g (g2r2 +1)(2 +a?) Ay 1—-a°g

B Ag dt p*dr asin® 6d¢
K=K,de=_22— 22 - (2 2y  1_ag2g2°

1—a2g?2  (g2r24+1)@2 +a?) ag

p*=r*+a’cos’0, Ag=1-—a’g*cos’0. 52)

If we choose g and A to satisfy (4.10), then we find that the non-vanishing components of the subtracted Riemann tensor f?%;, defined
in (2.8), are given by the expressions in Appendix A. Decomposing the indices as u = (a, i), etc., where x4 = (t,r,0,¢) and ¥ are the
coordinates of the (2n — 3)-sphere, the non-vanishing components of R’,f(‘; are of the forms

pab pai __ a i Al ij

Reg ij_Tb(Sj, Ry, = fé,- (5.3)
The expressions for f, T} and ﬁg’g can be found in (A.1), (A.2) and (A.3) respectively. A crucial point for what follows is that the expressions
for the components of ﬁﬁ; are completely independent of the spacetime dimension (except for the obvious fact that the range of the
i index is dimension dependent). Furthermore, the non-vanishing components of R% have either four, two (one up, one down) or zero
(2n — 3)-sphere indices. R

Given the structure of the non-vanishing components of R’[f;, it is clear from (2.7) that the only non-trivial equations of motion will

be

E'=0 and E/=o0. (5.4)

Furthermore, we see that

—2 (b ~3c3)b

Eb=ar 125" +ap 135577,

El =03 7250 8) oy 12 5P 188! +as frt s 8] (5.5)
where the o coefficients are non-vanishing combinatoric factors, and

sO — 561d1€2d2 'ﬁalbl ’R§ﬂ2b2 5(1)b _ Sbcldch ﬁﬂlbl T®
= 0 =

(3)b _ bd]Czdz a b] az
arbrazby “cidy Teady aaibiay “Ncqdq €20 Sa =9 T, le Te; . (5.6)

ab1azb2

After rather intricate, but mechanical calculations (which we performed using Mathematica), we find that

sO_g, sPb_o =~ sPb_p, (5.7)

and hence the single rotation metrics satisfy the equations of motion (2.7) in all dimensions d = 2n + 1, provided that (4.10) holds.
6. Conclusions

In this paper, we considered critical Lovelock gravities and focused on those of order n in d =2n 4 1 dimensions. We obtained two
classes of rotating solutions. In the first class, all the angular momentum parameters are set equal, and the metric is of cohomogeneity
one. We presented the metric in both the Kerr-Schild and Boyer-Lindquist forms. In the second class of solutions, only a single rotation
parameter is non-vanishing, and the solution is obtained in the Kerr-Schild form. In this case, it does not appear to be possible to rewrite
it in terms of Boyer-Lindquist type coordinates. By calculating the subtracted Riemann tensor that appears in the equations of motion
(2.7) explicitly, we demonstrated that the metrics in both of the classes indeed satisfy the equations of motion. When restricted to five
dimensions, our solutions are special cases of the rotating solutions constructed in [14].
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The metrics are all asymptotic to AdS, but they do not describe black holes. Rather, they have naked curvature singularities. The
analysis is rather straightforward for the solution with where all the angular momenta are equal, since in this case we can rewrite the
metric using Boyer-Lindquist type coordinates. Another way to see the geometric structure by noting that if we set the rotation parameter
to zero, the solution reduces to AdS, with no “mass” parameter analogous to w in the static solutions (3.2). The naked singularity can thus

be understood as being associated with a solution that is “over rotated,” in the sense that it has angular momentum but no mass.

Exact rotating solutions are hard to come by, and although the solutions we have obtained here have shortcomings associated with the
presence of naked singularities, they do perhaps provide a guide as to how one might hope to construct more general rotating solutions
in critical Lovelock gravities. It would be of great interest to try to obtain such generalizations where a mass parameter could be added,
so that rotating black hole solutions without naked singularities might be possible. It would also be interesting to seek rotating solutions

in the higher-dimensional critical Lovelock gravities in which the angular momentum parameters could be arbitrary.
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Appendix A. Subtracted Riemann tensor for single-rotation metrics

The components of the subtracted Riemann tensor (2.8) for the Kerr-Schild metrics defined by (5.1) and (5.2) can be given as follows.
With x* = (t,r,0, ¢) and x' being the coordinates of the (2n — 3)-sphere, the non-vanishing components of Rﬁ; involve either four, two

(one up, one down) or zero (2n — 3)-sphere indices. Writing ¢ = cos6 and s =sin#, we find

e Aad2c? . .

ij _ ij _

K= "2 S Rb; =Tp 8}

where

Tt 20a%s? A2 o _ 21a%s? A2 o_ 21a%csAf
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. 20a%s? A f 22’ Ag o 2xa%s% Ag

T Bup? O EBa@r2+Dp?’ P Eq(?+a?)p?’

P 2xa3cs30 Ag . 2xa3s%Ag . 2)a%cs
lo=——7%2 > D=——F72 li=—ftaz:7

Earp Eap rigere+1)

¢ 2)dcs , 2xd%cs . 2xa%s? Ay

"7 rr2+a)’ o ro @+ 1) +a%)’
% _ 20352 Ag o 2)a%csAg

(@D +a?)?’ Tor@rr+ 12 +a?)’

20052 A
T =— ¢ . T1i=0,
(&2r2 + 1)(r2 + a?)
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~tg 20a2c[—(? 4+ a?)(Eq + 2a%g?s?) +a'g?s?] ~to 20a3g?res
Reg= 2,2 2 1 g2) 2 ’ Riog=——55 21 g2\’
& rs+ 1" +a*)p (gr+ 1) +a%)

Ao _ 210 g?c?s? RO _ 2ra%res

TN ta)?’ (@D +a?)
RO _ 20a%c? Ag R0 _ 20a3rcsEq
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R0 _ 2xa3g?res® Ag St TSAg =t R 2xa° g2c?st

L0 Bu(@r4+1)p2t T Eeep? T T 2
N 202

0 = —[rz—}-rZ(Za2 42 _5a2g% — 2)c? — a*(2g*r* — 8ag*r? — 7g%r* + 3d%g% + 1)t

0= 5 (@22 1 1)ph g g ) (2g g g g )

— a*g?(9g%2 — 5a%g% — 5)c® — 6a6g4c8] ,
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References

[1] K. Schwarzschild, On the gravitational field of a mass point according to Einstein's theory, Sitz.ber. Preuss. Akad. Wiss. Berlin (Math. Phys.) 1916 (1916) 189,
arXiv:physics/9905030.
[2] R.P. Kerr, Gravitational field of a spinning mass as an example of algebraically special metrics, Phys. Rev. Lett. 11 (1963) 237, http://dx.doi.org/10.1103/PhysRevLett.11.237.
[3] R.C. Myers, M. Perry, Black holes in higher dimensional space-times, Ann. Phys. 172 (1986) 304, http://dx.doi.org/10.1016/0003-4916(86)90186-7.
[4] S.W. Hawking, CJ. Hunter, M. Taylor, Rotation and the AdS/CFT correspondence, Phys. Rev. D 59 (1999) 064005, http://dx.doi.org/10.1103/PhysRevD.59.064005, arXiv:hep-
th/9811056.
[5] G.W. Gibbons, H. Li, D.N. Page, C.N. Pope, The general Kerr-de Sitter metrics in all dimensions, J. Geom. Phys. 53 (2005) 49, http://dx.doi.org/10.1016/j.geomphys.2004.05.
001, arXiv:hep-th/0404008.
[6] G.W. Gibbons, H. Lii, D.N. Page, C.N. Pope, Rotating black holes in higher dimensions with a cosmological constant, Phys. Rev. Lett. 93 (2004) 171102, http://dx.doi.org/
10.1103/PhysRevLett.93.171102, arXiv:hep-th/0409155.
[7] H. Lu, A. Perkins, C.N. Pope, K.S. Stelle, Black holes in higher-derivative gravity, Phys. Rev. Lett. 114 (17) (2015) 171601, http://dx.doi.org/10.1103/PhysRevLett.114.171601,
arXiv:1502.01028 [hep-th].
[8] H. Li, A. Perkins, C.N. Pope, K.S. Stelle, Spherically symmetric solutions in higher-derivative gravity, Phys. Rev. D 92 (12) (2015) 124019, http://dx.doi.org/10.1103/
PhysRevD.92.124019, arXiv:1508.00010 [hep-th].
[9] K. Lin, A.B. Pavan, G. Flores-Hidalgo, E. Abdalla, New electrically charged black hole in higher derivative gravity as particle colliders, arXiv:1605.04562 [gr-qc].
[10] K. Lin, W.L. Qian, A.B. Pavan, E. Abdalla, Europhys. Lett. 114 (6) (2016) 60006, http://dx.doi.org/10.1209/0295-5075/114/60006, arXiv:1607.04473 [gr-qc].
[11] D. Lovelock, The Einstein tensor and its generalizations, . Math. Phys. 12 (1971) 498, http://dx.doi.org/10.1063/1.1665613.
[12] D.G. Boulware, S. Deser, String generated gravity models, Phys. Rev. Lett. 55 (1985) 2656, http://dx.doi.org/10.1103/PhysRevLett.55.2656.
[13] R.G. Cai, Gauss-Bonnet black holes in AdS spaces, Phys. Rev. D 65 (2002) 084014, http://dx.doi.org/10.1103/PhysRevD.65.084014, arXiv:hep-th/0109133.
[14] A. Anabalon, N. Deruelle, Y. Morisawa, ]. Oliva, M. Sasaki, D. Tempo, R. Troncoso, Kerr-Schild ansatz in Einstein-Gauss-Bonnet gravity: an exact vacuum solution in five
dimensions, Class. Quantum Gravity 26 (2009) 065002, http://dx.doi.org/10.1088/0264-9381/26/6/065002, arXiv:0812.3194 [hep-th].
[15] Z.Y. Fan, B. Chen, H. Li, Criticality in Einstein—-Gauss-Bonnet gravity: gravity without graviton, arXiv:1606.02728 [hep-th].
[16] J. Crisostomo, R. Troncoso, J. Zanelli, Black hole scan, Phys. Rev. D 62 (2000) 084013, http://dx.doi.org/10.1103/PhysRevD.62.084013, arXiv:hep-th/0003271.


http://refhub.elsevier.com/S0370-2693(16)30756-0/bib5363687761727A736368696C643A313931367571s1
http://refhub.elsevier.com/S0370-2693(16)30756-0/bib5363687761727A736368696C643A313931367571s1
http://dx.doi.org/10.1103/PhysRevLett.11.237
http://dx.doi.org/10.1016/0003-4916(86)90186-7
http://dx.doi.org/10.1103/PhysRevD.59.064005
http://dx.doi.org/10.1016/j.geomphys.2004.05.001
http://dx.doi.org/10.1103/PhysRevLett.93.171102
http://dx.doi.org/10.1103/PhysRevLett.114.171601
http://dx.doi.org/10.1103/PhysRevD.92.124019
http://refhub.elsevier.com/S0370-2693(16)30756-0/bib4C696E3A323031366A6A6Cs1
http://dx.doi.org/10.1209/0295-5075/114/60006
http://dx.doi.org/10.1063/1.1665613
http://dx.doi.org/10.1103/PhysRevLett.55.2656
http://dx.doi.org/10.1103/PhysRevD.65.084014
http://dx.doi.org/10.1088/0264-9381/26/6/065002
http://refhub.elsevier.com/S0370-2693(16)30756-0/bib46616E3A323031367A6673s1
http://dx.doi.org/10.1103/PhysRevD.62.084013
http://dx.doi.org/10.1016/j.geomphys.2004.05.001
http://dx.doi.org/10.1103/PhysRevLett.93.171102
http://dx.doi.org/10.1103/PhysRevD.92.124019

	Rotating solutions in critical Lovelock gravities
	1 Introduction
	2 Critical Lovelock gravities
	3 Static solutions
	4 Rotating solutions: all equal rotation
	5 Rotating solutions: a single rotation
	6 Conclusions
	Acknowledgements
	Appendix A Subtracted Riemann tensor for single-rotation metrics
	References


