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Frames in SPecial and General Relativitg

+In SPecial Relativitg, a Poincaré frame needs to be speciﬁecl to setup an exPeriment.

« In General Relativitg and in the presence of radiation, a BMS frame needs to be sPeciﬁecl which include in

addition to the Poincaré frame a . Pure supertranslations are 4-dimensional

spacelike transtormations.

s AL 7T the shear has two degrees of freedom and can be decomposecl into electric (Parit9~evcn) and
magnetic (Parit9~ocld) partsas Cyp = (=2V, Vp + 745V C + €ci Vp) Vo Onlg the? > 2 spherical
harmonics of C(u, 6, ¢P) are defined. Pure supertranslations actasC— C+T(0, ) where 710, O) have # > 2
harmonics. Foru — + o0, C = CY(0, d)+ 0.

* In General Relativitg, in an asymptotic region where the Bondi news N,z = 9,Cy 5 asymptotica”y vanishes, one
could require asa boundarg condition that the electric part of the shear asgmptotica”g vanishes, which
selects a Particular Poincaré subgroup of BMS. However, after the passage of radiation, the final and initial

frames will differ 139 a supertranslation, cncocling the clisplacemcnt memory.
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- name generator

Energy T=1
Momentum T =n'(0,¢)
Supermomentum T =Y (0,0)
Angular Momentum YA = —e2Bogni(0, ¢)
Mass Moment Y4 =010, ¢)
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C. Define intrinsic sPin of each massive bodg St

In scattering Problcms, one needs to define the mass and (intrinsic) spin of individual bodies.

The mass of a bodg is defined as M = \/ E? — PP, which is Fu”g BMS-invariant.

In sPecial relativi’cg) a bodg located at Position x' has (totah) angular momentum L' = S’ + eijkijk and mass

moment Ni = Ex! — Pitwhere S is the sPin. The formula for the spin in terms of the charges is thus

Si= LI Lt NP,
E

. b
In general relativitg, we also define the sPin asS'=L'— —eljkNJPk. It is invariant under translations and it

trans?orms in thc cxpectecl way under rotations and boos’cs.

Using the rePresentation of the BMS algebra on the conserved charges, we can prove that under a

sul:)ertranslation T, the spin is invariant: 675 i = 0. This defines the supertranslation invariant spin in

general relativitg. The spin magnitucle S =4/S'S; is BMS invariant.
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# = (£,%) or (,7,6%). L = iyiy .. .1, a multi-index made of £ spatial indices.

the multi-derivative operator 0y, = 0, ...0;,, the product of vectors np = n;, ...n;,
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The asymptotic structure of #+ for A > 0 in a nutshell
j-l_ =10

H=./—
: 3

Starobinsky / Fefferman-Graham gauge :

iy = dv o G Le T ) E ey T;=0, D§T,=0
The residual gauge transformations consist in 4 functions of x? (“integration constants” after gauge fixing)

We can further gauge fix the boundary metric :

ga(lg)dx“dxb = H?du + q,3(u, x)dx*dx® det(qsp) = det(g4p)

The residual gauge transformations are spanned by

They form the whose structure constants depend upon the phase space field g, .

In the presence of radiation, an observer located close to ¥ T

. The A-BMS symmetries reflect the freedom at setting up a detector at .#™ in asymptotically de
Sitter. (Same results in Bondi gauge)

i PR

[GC, Fiorucci, Ruzziconi, 2019]




The asymptotic structure of #+ for A > 0 in a nutshell

- “2d” presentation of the A-BMS generators :

1
g = UGen') 0,U = — =D,
EA = Yhu,xY) + O(r™) 9,74 = — Hq*%o,U
. Algebroid :
1 A ’ 1 ‘A /
. . - =1 U +5UDAY — (O« 0O)
[ ) (U] (O . =
Y4 = YP0,Y" — H*Ugt®0U' — () < ()
In the flat limit, the algebra reduces to the generalized BMS algebra diff(S?) + vect(S?) [GC, Fiorucci, Ruzziconi, 2019]

[Barnich, Troessaert, 2010]
[Campiglia, Laddha, 2015]

When g, 5(u, =4 AB(xA), the A-BMS algebroid becomes the A-BMS algebra that contains the SO(4,1)
algebra of exact symmetries of de Sitter.
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qan = dap + 24Dt + eueh, (aucij +2H20,Q + 20y (K + H / du ﬂ(u'))),
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Cosmological clisplacement memory etHect

In the even sector, a fixed quadrupole can be re-absorbed at either
u = usor u = ujas a A — BMS transformation.

Ft
R=R. R=R, R=R;

\ / In the even sector, the finite difference of the quadrupole between u = us
r=n or u = u; leads to a finite displacement memory, which is gauge
FAR I . invariant.
ARV
-7/, In the odd sector, a fixed quadrupole cannot be absorbed into a residual
= e "/ gauge transformation. There also again a finite displacement memory.
) Contrary to the flat case, the displacement memory is at leading order. In
" a sense it also arises from a flux-balance law, 0,g,5 = HC,p, which

becomes ftrivial in the flat limit. There are also subleading effects (which
match the flat case).

Similarly to the flat case, there is a distinction between even and odd
sectors with respect to memory.

: W[Chu‘,w"lr 6][GTCT Hoque, KutAIﬂurk,v 5:“3]
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