Accelerated black holes in de Sitter universe

Non-spinning

asymptotically de Sitter universe.
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Interpretation of coordinates

S M A

time coordinate of ‘accelerated’ observers

radial coordinate

angular coordinate measured from the axis of symmetry o

anpular coordinate around the axis of symmetry

(charged) C-metric —
Einstein—Maxwell equations with positive cosmological con-
stant A — represents a pair of accelerated black holes in

1
Fdr® 4+ —dv® + §d52 + Gdy?

a solution of

Intuitively, both black holes starts at the opposite poles of
de Sitter universe, move toward each other (squeezing a cosmic
string between them or stretching the string on other side) until

they stop and start to move back to the poles of the universe.

=
Parameters
m  mass parameter
e  charge parameter
A acceleration parametfer: sinh o, = {4

conicity parameter: @ € (—Cw,Cw)
£ cosmological seale: £ = 4/3/A

Basic properties of the spacetime

e Two Killing vectors 8., 8, and one conformal Killing tensor

Two double-degenerate principal null directions lying in surfaces

¢ = const. {Petrov type D) pointing ‘radially’ from the black holes

Spacelike past and future conformal infinities Z— and ZT

Two disconnected event horizons (a pair of black holes) and one cosmo-

logical/acceleration horizon in one

Conical singularity along the axis of symmetry — cosmic string ‘acceler-

ating’ black holes

asymptotically de Sitter domain
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A mualitative disgram of the -2 eection (1, 4 = cmnst.) of the O-metTic epa cetime.
The thres cesea onrreapond to (2] charged acoaleratesd black hole in ssymphoti-
cally de Sither universs (& £ 0, m £ 0], (b) uncharged black holem (& =10, m £,
and (] de Sitter univeree (¢ =1, m = {i). Harizontal line indicate the horizons,
wertical linm ave axem of o» eymmetry. The disgonal double line 0 = £ tanh a,, carre-
epael to infinity T. Hingularities ave depiched by 'zig-zag' lines. "The bemndary of
each disgram correepondds to £, © = 2oa. Different columne and rowe correpand
tn different signs of the fimetiom § and 7, repectivaly, and thue to different
mignaturea of the metric, which are ixlicated oo the sides of the disgrams. -
metric: deecribea, in gmeral, four dishinet spacetimes — the domains in eolumne
Fro< € < £y 8ol £m < § < ¥4, oeparatesd in addition by infinity (the diagomal line).
"I'he physically meat reascnable spacetime has the coordinatea £, o in the rangea
£, < € < and v > £ fanha, (the sheded avees). Sections £ = const. which eor-
reapaml ta the cnoformal diagrame oo the right: are indicated by thick linm.

inl

i
L,

T A N & -
P
B Illl T B i

The conformal disgrame of the Tt eection (.4 = crmet.). Thres disgrams cor-
reepanl again to the cese of (8] charged aooelerated black haoles, (b) uncharged
black halee, and () de Sitter univeree (in acsAerated conrdinated). The eonformel
infinitiem T are indicated by double lines, the singularities are drawn by 'zigzag'
linea, ansd herizane by thin linea. Lhe horiznne o =&, o, t divide the conformal
diagrame inta four typee of blacls, labeled by 1Y, which caorreepand o the oe-
ginm HY on the left. The sections = crnet. [drewn oo the left] are indicated
by thick linea. Only a part of the complete confarmal diagram is shown in the
cappa (4] and (b, howeser, the eat of the diagram wonld hawe a similar stroeturs
a8 the part shewn. The complate diagram depends cn 2 freednm in the cheics of 8
global topalogy of the spacetime given by identifications of differedt blocls of the
ennformal diagram. In the case (&), the diagram doee nof eontein any black haole
— it in 'eloeed o ite midea’ by polee of & epacAilieeection 87 of de Sitter univeres.
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Relation to Kinnersley—Walker form
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F=—f2472 14+4%—2mAy® +62A%*
G=1—s2—2mAzsd — 242 4
T =peotheo, i

1 =tanha, ¥

e =

Black hole coordinates

_EQ 2 1 2 2 2 2
9= = (—HAT? + 2 dR? + R*(d6” + §d97)

1# 2"”1- o -52
H=1— — —coshe, — +coeh” o, —
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For vanishing acceleration &, = () we get
Rw=£¢f {=cosB H=1—-——— + —

C-metric becomes the Reissner—Nordstrém-de Sitter or
Schwarzachild-de Sitter solution, respectively.

zeros of G — axes of ¢ symmetry
4 zeros, £y < & the smallest ones:
& axis in ‘“forward’ direction
& axis in ‘backward’ direction

zeros of ¥ — horizons

4 zeros 1 DU, DU, Uy (assuming m £ 0, & # O):

15 inner bladk hole horizon

1, outer black hale horizon

1. cosmological facceleration horizon
1um  non-physical value

zeros of w  —
1 = tanh e, €

conformal infinity Z
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