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Abstract

We demonstrate the ‘peeling property’ of the Weyl tensor in higher dimensions
in the case of even dimensions (and with some additional assumptions), thereby
providing a first step towards an understanding of the general peeling behaviour
of the Weyl tensor, and the asymptotic structure at null infinity, in higher
dimensions.

PACS numbers: 04.50.+h, 04.20.Ha

1. Introduction

The study of higher dimensional manifolds in gravity theory is currently of great interest.
A natural question arises whose results concerning four-dimensional gravity may be
straighforwardly generalized to higher dimensions.

Recently the algebraic classification of the Weyl tensor in higher dimensional Lorentzian
manifolds was presented by characterizing algebraically special Weyl tensors by means of the
existence of aligned null vectors of various orders of alignment [1, 2]. This approach leads to
a dimensionally independent classification scheme and reduces to the Petrov classification in
four dimensions (4d).

Now it is of interest to determine whether some sort of peeling theorem is also valid
in higher dimensions. Asymptotic ‘peeling properties’ of the Weyl tensor in physical four-
dimensional spacetimes in general relativity can preferably be studied within the framework of
conformal null infinity [3, 4], which was recently introduced also for higher even dimensions
in [5] (see also [6] for a discussion of odd dimensions).

The purpose of this paper is to point out that under certain assumptions the peeling
theorem is also valid in higher dimensions. Let us emphasize that in 4d the peeling theorem
can be rigorously derived for asymptotically simple spacetimes using Einstein’s equations.
Here we simply assume that certain asymptotic properties of the spacetime are satisfied, which
may be true only in particular situations (e.g., even dimensions). A more rigorous analysis
of the peeling theorem in higher dimensions would be desirable. However, many necessary
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related concepts in higher dimensions are not well understood at present and even the physical
importance of the concept of conformal infinity in higher dimensions is unclear. Perhaps
the most promising approach would be to generalize the Bondi method [7, 8] for higher
dimensions, but this may require a study of each dimension separately. This note should
thus be regarded as a first step in the analysis of the validity of the peeling theorem in higher
dimensions.

2. Peeling property of the Weyl tensor

We consider a D-dimensional spacetime (M, g,»), D even, that is weakly asymptotically
simple at null infinity [5]. The metric of an unphysical manifold (M, g,,) with boundary 3, is
related to the physical metric by a conformal transformation g,, = Q? 8ab, Where Q = 0 and
Q., # 0isnull at J. We note that such a spacetime is vacuum near J.

We further assume that components of the unphysical Weyl tensor with respect to the
unphysical tetrad (see below) are of order O(27) (with ¢ > 1) in the neighbourhood of 3.
In 4D this follows from Einstein’s equations (with ¢ = 1). At this stage it is just a natural
assumption from which ‘peeling behaviour’ in higher dimensions follows, and we do not study
here to what extent it is satisfied in general. One possible method for studying the justifiability
of this assumption in a given dimension is to use a generalized Bondi metric [5] for analysing
asymptotic behaviour of the Weyl tensor. However, even in the simplest, six-dimensional,
case this approach leads to very complicated calculations.

Let  C (M, g,) be a null geodesic in the unphysical manifold that has an affine
parameter # ~ — near J and a tangent vector £ and y C (M, g,») a corresponding null
geodesic in the physical manifold with an affine parameter r ~ 1/ near J and a tangent
vector £. In the physical spacetime we will use the frame (£, n, m®) parallelly propagated
along y with respect to g,,. m and £ are null vectors satisfying £“n, = 1, andm® are
orthonormal spacelike vectors (i, j = 2,...,D —1,a,b,c,d =0, ..., D —1). We choose
the corresponding frame (¢, 72, 11®) in the unphysical spacetime to be related to the physical
one by

Uy =L, md = Qm!, i, = Q%n,

— "= Q72 mD = Q7 tme, n = n“. o
The physical metric has the form

ab = 2Ly + 8;mPmy) )
that is preserved by null rotations

L=L+zm® — Lzn, A=n, m?=m"—zn, 3)

spins and boosts
L=t n=n m?=X;m%; L=, n=>r"'n, mP=m?

A quantity ¢ is said to have a boost weight b if it transforms under a boost according to
q=2q.
Let us now define the operation {}

_ 1
WaXpYeZdy = 5 (W[aXp)V[cZd) + WeXd]YaZb])

which allows us to construct a basis from (¢, n, m®) in a vector space of four-rank tensors
with symmetries T pcq = %(T[ub][cd] + Ticajab))- The Weyl tensor can then be decomposed
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in its frame components with respect to the frame (£ = m™, n = m©®, m®) and these
components can be sorted by their boost weight [1, 2]

2 1
i k
Cabea = 4Coiojn amy mizj) + 8Coi0in Ebncmt(il)} +4C0ijkn{am1(;l)m(1)mfi})
(i) 5y ) 0
+4C()1()1}’l Kb}’l E + 4C01U bm mgy
+8Coinjn  my L, m(’) + Czjk]m(l) (j)mgk)mg)}
, - -
+ 8C101i5{anbﬁcm2)} +4C1,~jk£{am}(j) ( ( ) + 4C111]Z )K m(]) . (4)

Components Cp;o; have boost weight 2 since they are proportional to Copealim Db gemd
and boost weights of other components may be determined similarly. Note that the frame
components of the Weyl tensor Co;;, . . ., C1;1; are subject to anumber of constraints following
from additional symmetries of the Weyl tensor and its tracelessness [1, 2].

Boost order of a tensor T is defined as the maximum boost weight of its frame components,
and it can be shown that it depends only on the choice of a null direction £ [1, 2]. Boost order
of the Weyl tensor in a generic case is 2, but in algebraically special cases, there exist preferred
null directions for which the boost order of the Weyl tensor is less. In other words, in
algebraically special spacetimes, one can set all components of boost weight 2, Cy;;, to zero
by an appropriate null rotation (3) (we will call this case type I). Note than in four dimensions
this is always possible since the Weyl tensor in 4D always possesses principal null directions
and thus in 4D type I is generic, while for D > 5 type I is an algebraically special subclass of
the general class G. One can proceed further and say that the Weyl tensor at a given point is
of type II, III, and N if there exists a frame in which boost order of the Weyl tensor is 0, —1,
and —2, respectively.

For spacetimes satisfying the above-mentioned assumptions, the Weyl tensor’s
decomposition (4) and the relation (1) lead to

=~ d _de~ - = (i) m o~
Cape ngecahce = dg[4c0i()j mg)ncmij})
+8C g el (i>~<j>~<k> AC oot L7 B +4C g AQEA)
010i 7,471 110 + Ozjk” mgem,y+4Co1011, LR L0+ o01iji Ly, )
+8éoiljﬁ ()E ~(J)+C km{ m(])~(k)~(1})
+8C 1010, 71, L) +4C 1l i) mP L) +4C 18 iy T i)
— 972gd6[92+1+2+14c()i0j mb f’l m(]})
- - Noon
+ QZ+2+18C010in{a£hncm‘(;? + QZ+1+1+14C0ijkn m(l)m(J)mL })
+QZ+24C1()1()11’1 Zhl’l E +Qz+1+14éolij Ebm(’) (j})
+92+1+18€10in mb Z m(J) +QI+I+I+IC mg méj)mgk)mil;
+ Q218C 1110 ny L) + QUAC il m mTm )
+ Ql+l4éli]jf (Z)Z m(/)] = Cabc .
Since all unphys1ca1 components of the Weyl tensor ij,Cl,jk, Clol,,C,jk;,C‘ollj,

Cm,], Coior, Co,jk, Coroi, Cozoj are assumed to be of order O(£29), each physical component
is of order O(Poost weight+2+q) ' & “we obtain the peelling property
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Ciij = 0(Q7), Ciiji, Crot: = O(Q1),
Cijut> Coirj» Cotij» Cotor = O(Q1%%), (5)
Coijk> Coroi = O(Q1%), Coioj = O(Q1™),
and thus
Cabcd — Qq C(N)abcd + Qq+lc(111)abcd + Qq+2C(1’)abcd + Qq+3c(1)abcd
+ QM CO 4+ O(QT). (6)

We have thus shown that from the assumptions outlined above the ‘peeling property’ of
the Weyl tensor in the case of even dimensions follows. We hope that this may provide a first
step in proving a peeling theorem in more generality.
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