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Metric of the Kerr—NUT—(A)dS spacetime

in even dimensions D = 2n

p=1

X, = X,(r,) metric functions to be determined by the Einstein equations

T, radial and latitudinal coordinates (u =1,...,n)
(0 time and longitudinal coordinates (k = 0,...,n—1) — symmetries of the spacetime
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Orthogonal form of the metric
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Curvature

n
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Vacuum spacetimes with a cosmological constant
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m,, and c¢;, are related to mass, angular momenta, NUT parameters and cosmological constant



Principal Killing—Yano tensor
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Case D =14

Redefinition of the coordinates and the metric functions:
o=t x=1wr X;1=0Q mp=2um
Y1=0 T2=0Dp Xo=P my=2n
C():k Cl1 = —¢ CQZ_A/S

Metric:
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Kerr—NUT—(A)dS black hole solution in D =4

e Carter B.: Hamulton-Jacobi and Schrodinger Separable Solutions of Einstein’s Equations, Commun. Math.
Phys. 10, 280 (1968)



Plebanski—Demianski solution in D =4

= charged accelerated Kerr—-NUT—(A)dS black holes
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1 2 2
A= (e (dt+p?do) + gp (dt —r*do))
P latitudinal coordinate

r radial coordinate
o longitudinal coordinate

time coordinate

m, n, k, e, A\ parameters related to mass, NUT charge, angular momentum, and cosmological constant
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electric and magnetic charges

acceleration parameter
e Plebiariski J. F., Deminski M.: Rotating, Charged, and Uniformly Accelerating Mass in General Relativity, Ann. Phys. (N.Y.)

98, 98 (1976)
e Podolsky J., Griffiths J. B.: Accelerating Kerr-Newman black holes in (anti-)de Sitter space-time, Phys. Rev. D 73, 044018

(2006), arXiv:gr-qc/050601130



No-go theorem for accelerating
the Kerr—rNUT—(A)dS metric in higher dimensions

Metric ansatz:

Ricci tensor:
Ric = Ric+ (D —2)QVVQ ' + g(QV2Q—1 — (D — 1)92(VQ_1)2)

Both Ric and g are diagonal in the frame e”!



Conformal factor

conditions on the off-diagonal terms of the Ricci tensor Ric

4

Even dimensions:

1 _
O =c+axy ...z,

— a generalization of the D = 4 case

Odd dimensions:

(1 = constant

— trivial solution



Metric functions for D = 2n

conditions on the diagonal terms =

(i) Solution dual to the unaccelerated metric

Ol =2, .. 29 XM:Euxi"_l—FZ ckxi’“
k=0
Duality
Ty =1/7, Vi = Yn-1-; Xy = IHHXM

transforms the rescaled metric g back to the unscaled metric g in ‘barred’ coordinates.

(ii) Trivial solution
n
1 2k
O =14+ax;...x9 XM:ZCkCIZM
k=0
Conditions for D > 4 are too restrictive — they enforce the ‘trivial’ metric functions X ,.

Maximally symmetric spacetimes in ‘rotating’ ‘accelerating’ coordinates

e Kubiznak D., Krtous P.: On conformal Killing—Yano tensors of Plebanski—Demiansk: family of solutions,
arXiv:0706.0409 [gr-qc]



Algebraically special test electromagnetic field

Assumption of an ‘alignment’ of the EM field
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Electromagnetic potential
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Electromagnetic source

Source-free Maxwell equations
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Algebraically special test electromagnetic field

n n n—1
_ Culy _ Culy )
A=Y e = S o S~ A dy,
p=1 p=1 1=0

e solves the Maxwell equations on the background with general metric functions X,
e adjusted to the frame preferred by the principal Killing—Yano tensor
e depends on n electric/magnetic charges e, (u=1,...,n)

e in D = 4 it has the same form as the electromagnetic field of Plebanski-Demianski spacetime



Plebanski—Demianski solution without acceleration in D =4

Electromagnetic field:

A = S (AVayg+ AV ) + S22 (ADdyy + A dy)
Uy Us
_ O + 212 2 «— the form derived in high dimensions
Uy U
Metric:
Uy Us X1 (0 1 2 Xo [ (0 1 2
g = ydidrPdd + P (AV gy + AV g )+ o (AD sy + Ay
X, = ¢y + clx% + CQSL’le + 2m1x1—ef
Xo = ¢y + clxg + 62333 + 2m2x2—e§

With a modification of the metric functions X, by the charges ei

the electromagnetic field couples to gravity!



No-go theorem for charging
the Kerr—NUT—(A)dS metric in higher dimensions

Energy-momentum tensor:

n
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Einstein equations:

1
Ric — §Rg + Ag = 87 T'py

The equation for scalar curvature:
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Cannot be satisfied for generic D !

(checked with Mathematica for small D’s larger than 4)



