As noted by Penrose already in sixties, the notion of radiation
near spacelike infinity is ‘less invariantly’ defined than near
null conformal infinity. We have studied this ambiguity on the
example of C-metric with A > 0 and we have found explicitly
the directional structure of the radiative component.

Radiative component of the field
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Radiation near C-metric infinity

component V) calculated in the
interpretation tetrad parallelly
transported along a null geodesic

approaching 7

For spacelike infinity 7 the radiative
component depends on a direction along

which 7 is approached

For null conformal infinity (A = 0) the radiative
component does not depend on a direction of a null

geodesic approaching a given point on T'!

This directional struciure of radiation naturally supplements
the peeling-off property of the fields.

Since radiative component does not vanish along a generic di-
rection, its absence cannot be used to identify radiative sources
in a similar way as for spacetimes with null infinity.

A paoint at spacelike infinity can
be approached along different mll
gendesics.  Interpretation tetrads
parallelly transported along such
gseadesics differ considerably when

transported to the point at infinity.

This causes directional dependence

of the radiative component ¥},

Directional structure of radiation
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Radiation component depends on the di-
rection along which 7 is approached and it
is nonvanishing in a generic direction. It
vanishes only along directions spatially an-
tipodal to the principal null directions, i.e.,
to the directions from the black holes.

R is stereographic parametriza-
tion of the direction of the
null geodesic with respect of
the reference tetrad

Ra = —R™! is a direction spa-
tially antipodal to the direc-
tion given by R

R1, Ry are parameters of princi-
pal null directions ky, ko
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spatial projections
of mill directions

s Normalization factor specific
for C-metric geometry

o Radiative dependence on
affine parameter 7

® Dependence on a direction
along which Z is approached

The radiation does not wvanish
even for non-accelerating black
holes (A =0). In this case “I’}i‘
simplifies to
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It vanishes only along radial direc-
tions coming from hlack holes.
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Null and orthonormal tetrads

With an orthonormal tetrad t, q, r, 8 a complex null
tetrad can be associated k. 1, m, mh

k=Jtta 1= J(t-a
m:_%,i(r—is} ﬁl:j—,i{r—l—is}

Qnly non-vanishing sealar products are

t«t=—1 q-q=rr=88=1%k:1=—1 m:m=1

Interpretation tetrad

Null tetrad k;, 1;, my, My which satisfy
e it ig parallelly transported along mill geodesic
» vector k; is tangent to the geodesic

» projection of k; on direetion normal to T is fived
independently of the direetion of geodesic

Assuming Penrose’s asymptotic Einstein condition, vee-
tors w—k; and wl; become asymptotically colinear with
the vwetor n normal to 7T

Reference tetrad

Null tetrad ke, 1o, mg, My, or associated orthonormal
tetrad €4, 9, To, 8. chosen at infinity 7. Tt is adjusted
to infinity in the sense that

® unit time vector t, 18 normal to T
s vectors g, T, 8, are tangent to 2
s vectors k;. 1; are coplanar with normal to T

With respect to the reference tetrad we parametrize null
directions at infinity. Namely, null direction k can be
parametrized by B € C:

koxk,+EREm, + Rm, + RR 1,

R is stereographic representation of spherical angles 8, o
measured with respect spatial frame q, ), To), 80 )

R =tan % exp{—ig)

In particular, for C-metric we choose the referenee frame
with t, normal to T and q, along Killing wector 8.
A choice of the vootors ., and 8, 18 irrelevant for calen-
lation of the megnitude | T | of the radiative component.

The leading terms of gravitational field
as a function of a direction along which
the point at infinity is approached — the
directional structure of radiation.

Directions from the origin of the diagram cor-
respond to spatial projections of null direc-
tions at infinity. The magnitude of the fields
measured along a null geodesic with a tan-
gent vector k is drawn in the spatial direc-
tion —k- from which the geodesic arrives.
The angles 8, ¢ parametrize the null direction
with respect to the reference tetrad q_,rg, s..
Principal null directions k; and k3, are tan-
gent to geodesics coming from the ‘left’ and
‘right’ black holes — they are pointing ‘from
the sources’. The radiative term of the field
vanishes completely along directions spatially
‘antipodal’ to the principal null directions.

Components of gravitational field

Gravitational field is characterized by the Weyl tensor
Cabea and with respect to a null tetrad k., 1. m, t can
be parametrized by five complex cocfhicients

Uy = Cogk®m’k°m? U; = C g Pk IF 1®

U, = Cpua k2P k*m? 0, = Oy k® m® me I°

U, = Cppea " m° I° M

Gravitational field of ('-metric

Weyl tensor of C-metrie has two double degenerate prin-
cipal mill directions ki, k2. With respect of the mull
tetrad aligned along ki and ks only nonvanishing com-
ponent of the Weyl tensor is thus U5:
s = —(m — 2!32}1{—3_1{32:.9) 308

W= W] = W= 93 =0
At nfinity, the principal null direetions are parameter-
ized with respect of the referenee tetrad by angles o =0
and 8, or w — 8., where tan#, = A4/ ... The ficld com-
ponents with respeet to the reference tetrad are

oy =10 28, —1)

¢ = 0§ = —3 03 «inb, cos 24,

Uy = UG = 303 tan 4,
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