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Abstract: <p>The Bondi mass loss formula has been central in the context of early research on gravitational waves. We show how it can be

understood as a particular case of BMS current algebra and discuss the associated central extension. We then move down to three dimensions where
amore complete picture emerges.</p>
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BMS symmetry
Would-be conserved BMS current algebra
The field dependent central charge

3d gravity as group theory

In collaboration with
C. Troessaert, H. Gonzalez, B. Oblak
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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

D. Kennefick . a
Bondi-Sachs Formalism

King's College and the story of how
gravitational waves became real

Thomas Midler and Jeffrey Winicour (2016), Scholarpedia, 11(12):33528.
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The paper

PHYSICAL REVIEW VOLUME 128, NUMBER 6 DECEMBER 15, 1962

Asymptotic Symmetries in Gravitational Theory™

R. Sacust
U. 8. Army Signal Research and Development Laboratory, Fort M onmouth, New Jersey
(Received July 23, 1962)

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.
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The algebra

GR choice: globally well-
defined quantities

s1(2,C)x ST
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conformal Killing vectors
fields of celestial sphere

Poincaré subalgebra

Poincare algebra
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CFT choice: allow for poles
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Currents

. 1 A b = . 0.l =
J' = ——[(f (¥ +6°5°) + V(P + 6°05° + =0(c°5°)) ) + cc. |
= GECP : : 2 i
G |
mass aspect angular momentum aspect
V= prly. YP=pily conformal Killing vectors
S P P_1T+£l// e supertranslation generators
g T S - T i _
v =0Y +0Y
"P? Weyl tensor
o.ﬂ O"O asymptotic part of shear & news

information on TT polarizations of gravity waves
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Action on fields

- ) Py 3 : l_— 5.
-8,0° =[f9, +y6+ya+;ay-;ay]a° -0’ f

-0,6° =[ 3, + Vo+Y3+20V)6° -8’y

: s e
=5,\¥°, =[ /0, + VO+V3+ 0V + =3V} +20 /Y]
=0, ¥, =[f0, + Yd+Y3+20Y +3YV]¥) +33 ¥}

transformations of fields involve inhomogeneous terms

Minkowski vacuum breaks BMS invariance
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The formula

5152

=8, J; +6; (=6, 1) =T, .1 +K: , +0,L%]

local formula works with poles

e n 1 b
breaking due to news 0. (oy) = f;»[f(_)’oc)()‘o + C.C.]

. 8 GPg
field dependent & —[(-n‘“/ h % v, — (1> 3)) +ec ]
central extension e SEGE.

vanishes when there are no
poles/superrotations
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Non-conservation

current non-conservation for = cf.,: S, = 0

0,J; +8J,+8J, = @; (8, 2)+K},

charges when there 0. = CJ‘D . d’Q g
are no poles ' o

i
du — 8xC

SBS: d*Q[5°5.06° +cc)

Bondi mass loss formula for c_i: = 8”

1 .. 1 . _
(—Q =—— qs d°Qlc’c" +cc.]
gu G 75

l_I,_J
>0
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WZ consistency condition

in QFT the Adler-Bardeen anomaly satisfies
the Wess-Zumino consistency condition

}/.;"-:ll;: — I:)l”( Ya }/( Ya - -‘;_(T['( e ‘f’: — '[r 1“ 3 _ L{H(()O‘

yo* +d 0" =0

4 2,
! +d, 0 =0
/ H

J—
yo*' +d,TrC* =0
yTrC* =0
fermionic generators 1 = ;7({) 7 — ("(g,",f)
** =d{d{ K" —dud{ K +dud{ K -yt +dy0 =0

3 :
d vt +d Ha)4‘0 =0

| 70"’ =0
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Extended algebroid

structure functions [@w ‘,ﬁ] (?ﬂ(¢))c R 8 20, fcz/? /:[1 /()ﬂ]
e, /P =RL($),f 2R,0,R} = f,R!
Lie algebra over functions &= f“(¢)e, [e. Cl=(EE F s +0,& =0, & e,
o' =0 R 0,0, = (vd[,‘__‘_f;;]
extended algebroid le,.es]1= [ (de, +@,,($)Z

needs all spatial boundary terms to vanish
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Getting numbers

s - ] 7 1 0, =~3xr ~
=1 K, . =[d[dZ[(c°f0'Y, -1 2))+co]
T B T L SO
from the conformal dimensions : io(u.C.C)= Z((_}::U)H(”)“‘ ir R
k.l
admit Laurent series (delta function singularities), integrals as residues
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Cardyology at null infinity ?

0
But o =0 for Kerr black hole

27
i 2]
=

transform Scri to a cylinder times a line by a finite superrotation ¢ =e’

—. 2% : ke e 2w, 1 o
ona" (', @,@)=(=—)"[(010°"), ,(u)e L e ! ]+(‘[—)-5(a,?u'+f’>,i)

-

_Y_J

finite shift !

thermal circle M~ i+ ,8

Work in progress ....
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Action on fields

- ) Py 3 : l_— 5.
-8,0° =[f9, +y6+ya+;ay-;ay]a° -0’ f

-0,6° =[ 3, + Vo+Y3+20V)6° -8’y

: s e
=5,\¥°, =[ /0, + VO+V3+ 0V + =3V} +20 /Y]
=0, ¥, =[f0, + Yd+Y3+20Y +3YV]¥) +33 ¥}

transformations of fields involve inhomogeneous terms

Minkowski vacuum breaks BMS invariance
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Technical details

Asymptotic symmetries

Conserved currents and charges

NP formalism & solution space

Finite BMS transformations
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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 ?

(L)) B o) Elue.0)=E.+iF)

finite superrotations, supertranslations, complex Weyl rescalings
— 1
R L] [V P ) e 0 — -
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- (:,’“ !'3‘_‘
Dfgs .t ot B D o —F Obr J= ‘il ;f
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0¢

NB: simple formulas when 0 P =0=0,_,P" standard BMS group when P is fixed
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Schwarzian derivatives

transformation of the Weyl invariant quantities
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Schwarzian derivatives
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Symmetries and solutions

residual symmetries =1 #0 £ = Y+(-T+)8+ i Y_(:z:_)a_ z* = T; *¢
I71=0 £=Y(9)8+ (T +uY")d,

2 5 i ¥
general solution to EOM ds® = (— "r2 + M) du® — 2dudr + 2N dud + r’d¢?

!

FLA0 M(u,d) =2(4s +5--), M(u,g) = (Ess —E__)

closed form B =Esu(z®)

It=0  M=6(¢), N =E(¢)+ ;940
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Charge algebra
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Zero mode solutions

zero mode solutions in both cases

nl
BMS form de® = (’?zz' + 8GM)du?® — 2dudr + 8GJdudg + r*d¢?
ds® = —N2%dt? + N~2%dr? + r?(dp + N¥dt)?, J
Ei: =2G(M + %)
ADM form 2 2,72 ; -
N? = ’l" —-8MG + 16; L, Ne= -41(_;"7 l

naked naked

singularities singularities

J J

CTC's CIC’s

BESEUE P pular defects everywhere
! .
80 Nam

angular defects

!
* Minkiwski |

angular excess angular excess

(a) (b)

repeat derivation of entropy of
cosmological solutions from Cardy type
formula
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Coadjoint representation

action of symmetry group on solution space coadjoint action

Ad(s oy-1(d,dc1;pyice) = (}déz, icy; pdd?, icz)

p= (f’)?'p of — 2(;2 -S[f], el energy-momentum tensor of CFT2
T

C2

o AV / /
P + +2 —
J=(f) [J ap' +2a'p— o

—

a Xp change in orbital part
due to supertranslation
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