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m Each solves Einstein’s Egs, point source P* = E n*
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m Flat space everywhere except in future of collision!
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m Black holes in ADD scenarios @ LHC, or not...

Before this study outstanding questions were:
El Is the formula exact? Is there a deeper meaning to it?
F Angular expansion < perturbative expansion?
El Can we find equally simple results at higher orders?
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m Assume perturbative ansatzin u > 0
g,ul/(u > 07 v, Xi) = Nuv + Z K,nhl(z;)

n=1
m de Donder gauge = tower of wave Eqgs with source
N _ —1) [ k<)
OAMN = T(0-) [haﬁ }
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SHOCK WAVE PERTURBATION THEORY IN A FLASH!

Basic facts:

m Integral solution + Surface terms
HNy) = [ PV Gy +25(u)ay HM(Y')
ul

m Axial symmetry allows expansion (A(u, v, p), B(u, v, p),...):
hw=A=A 4+ A® 4+ = h,=Br=BY+B® 4+ ),
hj = EDj+H G = (EW+E@ 4+ )A;+(0+H® +...)5;
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Background shock conf. symm: Boost (L) + Conformal scaling (C)

B
C: x, —e D3x,

L: k— efk Br sk

Up to conformal factor, metric perturbations invariant order by order
cL 2 >
Gun(X) = gu(X') = €037 |, + 3~ e H{IN(X)
k=1
In adapted coordinates p(u, v, p) q(u, v, p), p separates!

5(p, q, 6/)
k v )
h;(w)(“’ v, p; bi) = p(DM—S)(Zk+NuiNv)
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ASYMPTOTIC ANGULAR FACTORISATION (AT ALL ORDERS!)

Waveform K (r, 7,0) oc L(E® + HK)) when r — +o0 is

E(r,0)

The associated inelasticity is:

[V dcos# (k) °
e:/_1 5 /dT <zk:5 (T,G)) .

As a consequence of the CL-symmetry & asymptotics @ 7 *:

D—4

2 k—1-33=5
00 = () (22 ™ o (1. 5)

1 —cosé 1 —cosé

Order of perturbation theory < order of angular expansion!

Note: This was claimed but not proved before
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Magic happens (@ J +) when:
El Fourier transform F (w,0) fdrF 7,0)e" T
B Go to new frequency w — Q(w, ) & new wave F(Q, 6)

El Clever use of CL + back Fourier transform Q — f(,e,) +
horrific (but “straightforward”) calculations

Tada!!!

_] - (¢’(R)_1R¥J%+m(2’?)f(m>

m R=9¢""(t)and t new time in D > 4
m ®(R) is the Gravitational shock profile
m /(R) is the initial data for given metric perturbation
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PROOF OF THE “MAGICAL’ FORMULA — ANALYTICS MEETS NUMERICS

Surf. integral contributions to the inelasticity’s angular
series ¢(0) = S n_, €M (0)

[N] Term [ contributionto ¢™M(3) |
1| FenFem 8(3 )
2 | 2FenFee | —32(3— 1) B2
2FenFue | —32(5 — 1) og
3 | FreFew |64(5— ) (DS—Z)TB?—M
2F e Fue) 64 (5 — p) %
FuoFue | 64 (1 - 5) o%0s

m Checked with numerics with relative error of less than 10~*
m Note divergent cases which agree with non-integrable tails
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REGION IV — FUTURE OF THE COLLISION
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m 2D wave operator at k-th order of rank m

2 2 2
2 (k) o 0 0
PO —>...—802+...—8P2+...808P...

m Characteristic coordinates (P, Q) and £(P, Q)

0? 0? 02

pzD%{)—) +...

m Define compactified versions

LM &
=i =ie
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Many things clearer:
m Light rays @ 45°
m Past light cone of O;
m Source singularity from rays
that cross the axis
m (Retarded) Green function
singularity from axis crossing
m Special coordinate
T e limy 10 €
Challenges:

m Control numerical errors of
higher order integrals

m All boundaries in the diagram
have coordinate singularities!
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JT) by working in Fourier space

m Found characteristic coordinates for all D and an extremely
useful conformal diagram

In progress: Conirol errors @ higher orders in the new
promising compactified version of the problem

THANK YOU!
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