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ID Introduction

Asymptopia a far away country from which

we know little I M Stewart

There is a vast literature on the asymptoticof
the gravitational field
Builds on Penrose's characterisation of isolated

systems ni GR using the notion of
asymptotic simplicity

Most of it formal it makes a number of assumption
which may or not be generic



If There exists a vast body of work aimed at setting
the asymptotic of G R on solid foundations

H Friedrich
P Chrusciel R Beig B G Schmidt

D Christodoulou S Klainer man

P Hintz A Vasy

L Kehr berger

Although great progress has occurred
in recent years there is

still some

cleaning to do



ID Some historical context

Asymptotic simplicity AS

Given Mig with Ricig o

F smooth Mig Ron M ft
such that

i M is a manifold with Edm

µ mm

on J
iii Fy M M such that

y MT MIS Eg Eg
in Each null geodesic of Mig
acquires two distinct endpoints on J



ID Provides a geometric framework

to study the asymptotic of
the

gravitational field



ID key aspect smoothness of S

Smoothness at Jt E decay of fields17

peeling

Corollary

restricted smoothness modified decay

also valid for linear fields



ID Natural questions
a How large is the class of
spacetimes with smooth

Penrose

ycompactification

from e g Cauchy
initial data

are required



ID Penrose n 65 observed that the presence

of ADM mass produces a singularity of the

conformal structure at io

EE



ID Friedrich 86 Semiglobal stability of the

Minkowski spacetime from hyperboloid
at data

pit

one can recover

a smooth It
1

on Dt Ala

I What about Cauchy
data



ID Christodoulou Klainerman 90

Global non linear stability of the Minkowski

spacetime

It
L Cannot recover peeling

Technical or

i
fundamental
obstructions

io



ID Friedrich 98 Regular asymptotic initial value

problem at spatial infinity
Detailed study of the structure of
spam

infinitygommpointo
view of the initial value problem

Equations and data
St regular at

spatial
infinity



Cylinder at spatial infinity
see also Ashtekar Hansen Berg

Schmidt

I

conformal geoousic
D Y

conformal Gauss gauge
s

Relation to Ashtekar's framework M Magdy JAVk



ID key technical aspect
the cylinder is a total characteristic of the
conformal Einstein field equations

All the evolution equs reduce to transport equs
on the cylinder I It

Data on It Solutions at It y

Solution jets I F

J t d de leo
Weyl tensor



ID Obstructions to the smoothness of J

The regularity of the d s can be explicitly
computed modulo computational complexities

logarithmic divergences
at II H Friedrich JAVK

a

Data needs to be fine tuned

to obtain suitably regular solutions



ID Hintz Vasey 2018

Global non linear stability of Minkowski with

inous expansions
logs

ID Not yet sharp but an important

step forward



ID Why care

The conclusions from the analysis of io
are generic

i e independent from the stability set up

ID Friedrich's cylinder at spatial infinity

provides a framework for the study of

asymptotic charges and their

relation to initial data



BMS charges
Thesymmetry group of J of AS spacetime

is the BMS Bondi Metzner Sachs group

ID Asymptotic symmetries
Solutions to the asymptotic killing equs

Transformations of J onto itself preserving
structure



Of particular interest are super translations
reparametrisationsofcuts of It

M M tall smooth function
on 6 8



ID Newman Penrose gauge

G A choice of coordinates frame and conformal

scaling adapted
to the geometry in It

I

in



177 Work in the unphysical spacetime

Mig with g rag
Coordinates I XM Mir x Bondi coords

Frame It in int M 3Edo ein I on tho

Edo It tangent to Jt and Tintin to

Eh u p on It

E too du

Conformal freedom and residual freedom in the

frame can be used to set some components of
the connection and Ricci tensor



ID The spin 2 equations

T Al Abq D 1 ABCD ABCD

NB can also do MaxwellCThBMS
charge associated

to supertranslations do
on a cut f of It is given by q

Gaba
Y

3

2 2 fox M

E R Prabhu
Coulomb field

smooth function on
2

e g Yen spherical harmonic



ID NB an analogous computation can be

carried out on 5



no

asf



ID Strategy study the matching problem

for BMS charges in terms of
the initial

value problem

UnH.Fiedrich's
formulationof spatial

infinity

Assumptions controlled ni
terms of initial data

g Write the charges in
termsof free data





If The F Friedrich gauge

Based on a non intersecting congruence of
conformal geodesics in

a neighbourhood of io



i
50



The BMS charges at It

controlled



Qe cehli el



Taber Gygax
third order operator
Anderson Backdahl Joudioux

One can find a choiceof Abed

freedata to satisfy thereg conditions







ID BMS charges in GR in progress

with MMAM and K Prabhu









ID The BMS charges at It

when defined correspond to the multipolar

structure of a B

1 Canestablish the

correspondence between

It and I



ID Conclusions

H Friedrich's formalism can be used to

study the assumptions behind asymptopia

Some of the standard assumptions are
not generic

Assumptions on free data are ok and

a way
to avoid difficulties




