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Overview

@ Introduction: geometric objects

© General matching of two spacetimes across their null boundaries

© Matching across Killing horizons: Killing vectors identified

@ Explicit examples: plane-fronted impulsive wave
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Introduction: geometric objects

(n + 1) —dimensional manifold (M, g)

» (M, g) time-oriented, Lorentzian (-, +, ...)
»  null hypersurface: ®, &, v degenerate

» k null generator, geodesic

Spacelike section and foliation of
Assumption: 3 s: Q — R such that k(s) # 0 in
Tpacelike scction:  Seq = {pe Q| 2(p) =50, 20 €R} {L, k,vr} basis of I' (T M) |a

Tangent plane: TpSs(py = {X € TpQ2 | X (s) = 0}
{Ss} foliation of ©;  hlp induced metric of Sy ()

L (S) =1, 'UI|;D € TPSs(p)7
» L ¢ T2 Vp €, null

@) == (LK)l #0, () i=—(Longl, |
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oss their null boundaries
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their null boundaries

e, =k , e =v;,& =L

el =¢kt,  ef =arkt +bful,
¢t = LL+ + Bkt + CKuf
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Shell junction conditions

= Ly K
hrslp = brb; hJLrK|4>(p)v
¢, B, C¥ in terms of A, ar, b7

CI>+

Extra condition: A > 0 J

BN

=¢kt, ef =arkt +bfol,
_ 1 +
£t = 4Lt + Bkt + CKup
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General matching of two spa S ac their null boun

Shell junction conditions

= Ly K
hrslp = brb; hj:,rK"i’(P)’
¢, B, C¥ in terms of A, ar, b7

e, =k , e =v;,& =L

Functions s

el =¢kt,  ef =arkt +bful,

_ + s~ 0P~ = A+ const.
¢t = 4Lt + Bkt + CKujp

sT o ®T = H + const.
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Matching across Killing horizons: Killing vectors identified

Previous considerations

> %”,,i Killing horizons with respect to the Killing vector fields ni

. —+
» Requirement: QF := JZ, are smooth connected (null) hypersurfaces

» Assumption: f-ﬁ constant on QF (with full generality, we take f-ﬁ >0)

Matching: Killings 7 identified
+ + +
> nt Z FEEt, where rE £ fE —|—I€$si, kE (fi) £ 0,
== -\ of 4
» The map P relates n = d® (77 ) = an", a # 0, a €R
o aFTt ot (I(f++li-n~_H)

F = NG = f tr, A = NG
First consequence: zeroes of n™ must be mapped to each other via ®
Out of the zeroes of T, this yields a 1°*—order PDE for H (Cond. 8xH > 0)
We separately study (a) xi = 0, (b) si # 0
nT degenerate: connected zero-sets (if any) are null subsets defined by f* =0

vVvyvVvyyvyy

ni non-degenerate: one unique connected zero-set defined by f* + fﬁ[sjE =0
v
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Matching across Killing horizons: Killing vectors identified

nT degenerate

+ +
;T = HOWY T e, 860 =L

» Condition: same number of connected components of zero-sets on both sides

>0

> Since ® is continuous, the zero-sets of n* cannot be arbitrarily identified

» Killing vectors to be identified must be either future or past

+

non-degenerate (Assumption: both Killing horizons are complete)

& aF
H()\,yA) o _ ﬁ <a(yA) (f_(yA) —|—lin_)\) —af+(yA)> , R Hn_" #0,

» The bifurcation surfaces must be mapped to each other
> a(yA) # 0 arbitrary, sign(a(yA)) must be the same for all null generators

» Full matching requires 4 = 1, i.e. surface gravities of =, an™ must coincide

1J

Energy-momentum tensor: 71 =p, 7Y =41 717 =41 p (e Poisson, 2004]

» The identification of Killings always results in shells with vanishing pressure p
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Explicit examples: plane-fronted impulsive wave

» Regions {4 > 0}, {U/— < 0} of Minkowski spacetime
» Metrics: dsﬁ: = —2dV+dUyt + JABda:idsz, Foliation defining functions: s* = V4

> General shell: H (A, y4) =a (y?) fexp (= [p (A, y2)dN) dA+H (y*), o (y?) >0

+ +
(a) Degenerate: nE 2 Oy, = H(\y%) 2 aA +H(y*), a>0

==
(b) Non-degenerate: n~ L —Vidy, = H()\,yA) = a(yA))\, a=1, a(yA) >0

Energy-momentum tensor: (a) p# 0, j =0, p (b) p#0,51 #0,p=0

Il
L
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