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Bondi mass loss due to gravitational radiation :

non-linear GR effect that was important to settle the
controversy on the existence of gravitational waves
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The paper
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It is pointed out that the definition of the inhomogeneous
Lorentz group as a symmetry group breaks down in the presence
of gravitational fields even when the dynamical effects of gravita-
tional forces are completely negligible. An attempt is made to
rederive the Lorentz group as an “asymptotic symmetry group”
which leaves invariant the form of the boundary conditions ap-
propriate for asymptotically flat gravitational fields. By analyzing
recent work of Bondi and others on gravitational radiation it is
shown that, with apparently reasonable boundary conditions,
one obtains not the Lorentz group but a larger group.



The algebra

GR choice: globally well-
defined quantities
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CFT choice: allow for poles
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currents
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Action on fields
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transformations of fields involve inhomogeneous terms

Minkowski vacuum breaks BMS invariance



The formula
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Non-conservation
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WZ consistency condition

in QFT the Adler-Bardeen anomaly satisfies
the Wess-Zumino consistency condition
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Extended algebroid
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Getting numbers
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Cardyology at null infinity ?

0
But o =0 for Kerr black hole
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Work in progress ....



Technical detalls

Asymptotic symmetries

Conserved currents and charges

NP formalism & solution space

Finite BMS transformations



Gauge fixation

Main idea : asymptotic symmetries = residual gauge symmetries
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Residual gauge transformations
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00X dx® =r?7,,dx*dx® +o(r?)

residual symmetries leave this class of spacetimes invariant

'thgrr =0 &=
exact conditions £.9,,=0 = &M=y -0, f[ dre”g”
gABﬁggAB :O gr:_d_iz([_)BgB_@BguuB)
fix r dependence up to integration functions f=f(ux" y* =y*(u,x%)
’ngur :0(1) ryA :YA
. » L9y =0(r") T
asymptotic conditions £.9,, =0(r?) P f_erT v [ ey
\ﬁggAB = O(rz) \l// — [_)AY A
fix u dependence up to integration functions T =T(x%) YA =YA(x®)

_ 2 _
conformal Killing equation d-2 sphere LV e = FRERALE



Lie algebroids

Metric dependence of bulk asymptotic Killing vectors &M =E4(X,9)
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requires modified Lie bracket

leads to representation of asymptotic symmetry algebra in the bulk spacetime

Particular example of a Lie algebroid



Weyl transformations

Motivations to keep the conformal factor  @(u,8,4) or P=P(,,?) arbitrary in

7 Oxdx® =e*d*Q =2(PP)*d¢d ¢

1) because one can (general solution to
Einstein’s equation is known for this case)

2) finite left-over ambiguity in geometric definition
of asymptotic flatness through conformal
compactification

3) solution space manifestly contains
Robinson-Trautman waves
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Newman-Penrose formalism

first order Cartan formulation
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Asymptotic solution space

asymptotic solution space
free data

evolution equations

on-shell constraints
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Transformation of free data

BMS & Weyl
transformations
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Motivation/Global symmetries

Interpretation requires charges, canonical generators for the transformations
+ Dirac bracket algebra

Problem: some ADM type charges diverge because of poles on the sphere

Local non integrated version of Ward identities
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Gauge symmetries/Holography
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BMS and Weyl group

"integrate” BMS Lie algebra - group
finite transformations of solution space

Residual gauge symmetries : find the local Lorentz transformations +
diffeomorphisms that leave NPU solution space invariant
How do they act on solution space ?
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Action on solution space
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From the Riemann sphere to arbitrary P

Solve evolution equation in terms of 0 0
integrations functions aRI — “aRI (¢, C)
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Schwarzian derivatives

transformation of the Weyl invariant quantities
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