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Leading, subleading, sub^N-leading



Supertranslations

Associated Noether charge: Bondi 
mass aspect m(u,xA) 

4 lowest harmonics: translations/
Momenta

[Bondi, Metzner, van der Burg, Sachs, 1962]



Super-Lorentz 
transformations

Associated Noether charge: Bondi angular 
momentum aspect N (u,xA) 

6 lowest harmonics: Lorentz/Angular 
Momenta and center-of-mass charges. 

Only Lorentz are asymptotic symmetries! The 
others are overleading transformations!

[Barnich, Troessaert] [Campiglia, Laddha] [G.C., Fiorucci, Ruzziconi]
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Prospect of observing displacement 
memory at LIGO

[Lasky et al. 2016]

GW150914

[Boersma, Nichols, Schmidt, 2020]



Question



Universal BMS structure

A foliation and a measure

ds2 = sign(⇤)du2 + qABdx
AdxB

p
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We need a dictionary

Fefferman-Graham StarobinskyBondi

g(0)ab , T
ab g(0)ab , T

abCAB ,M,NA,

DAB , EAB , . . .



Definitions
Starobinsky/ 

Fefferman-Graham  
(SFG) gauge

Bondi gauge

g⇢a = 0,

g⇢⇢ = � 3

⇤

1

⇢2

<latexit sha1_base64="/FJp0NepR5oPVLhCaZ8Uxln0WQ4="></latexit>

(u, r, xA)

<latexit sha1_base64="nhD59EixOzm12/ge1XLKB1Y8hGw=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUKMNMKX3sqm5cVrAPaceSSdM2NMkMSUYsQ7/CjQtF3Po57vwb02kFFT1w4XDOvdx7jx8yqrTjfFipldW19Y30ZmZre2d3L7t/0FJBJDFp4oAFsuMjRRgVpKmpZqQTSoK4z0jbn1zM/fYdkYoG4lpPQ+JxNBJ0SDHSRrrJRwVZuL89O+1nc45dq1YctwwTUnTchJRrFRe6tpMgB5Zo9LPvvUGAI06Exgwp1XWdUHsxkppiRmaZXqRIiPAEjUjXUIE4UV6cHDyDJ0YZwGEgTQkNE/X7RIy4UlPum06O9Fj99ubiX1430sOqF1MRRpoIvFg0jBjUAZx/DwdUEqzZ1BCEJTW3QjxGEmFtMsqYEL4+hf+TVtF2S3btqpSrny/jSIMjcAzywAUVUAeXoAGaAAMOHsATeLak9Wi9WK+L1pS1nDkEP2C9fQL5ko/p</latexit>

(⇢, xa)
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grr = 0, grA = 0

@r

✓
det(gAB)

r4

◆
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= 0
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The dictionary between Bondi and 
Starobinsky/Fefferman-Graham gauge 

has been worked out

One can solve the large radius 
expansion of Einstein’s equations in 
both gauges 

We found a diffeomorphism between 
the two gauges when        

We found the (2-covariant) map 
between the free fields in each gauge

See also [Poole, Skenderis, Taylor, 2018]

⇤ 6= 0
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Solution space (Al(A)dS4)

SFG gauge Bondi gauge

[FG theorem]
[Blanchet-Damour]



Solution space: free fields

T ab

Constraints

SFG gauge Bondi gauge
g(0)ab dx

adxb
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⇤ 6= 0
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⇤

3
e4�0du2 + qAB(dx

A � UA
0 du)(dxB � UB

0 du)

<latexit sha1_base64="hqc+HjGTuMWhcOPNsEgAcJfW4Zk="></latexit>



Why the Bondi mass differs 
from (A)dS and Minkowski?



Solution space: free fields

Constraints

SFG gauge Bondi gauge

⇤ = 0
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M,NA, CAB , DAB , EAB , FAB , · · ·

<latexit sha1_base64="R9MmRR4LnS3nREzew9S/v2ldjmM="></latexit>

@uDAB = 0,

@uEAB = · · ·
@uFAB = · · ·

<latexit sha1_base64="QdHwXCqPdM3gARTMC4iGHaLI7dM="></latexit>

see [Barnich,Troessart, 2012]

@uqAB = lqAB + 2D(AU
0
B) �DCU0

CqAB

<latexit sha1_base64="u5u9Ls9MEi8CaJyAntwsyRiQDXg="></latexit>

⇤

3
e4�0du2 + qAB(dx

A � UA
0 du)(dxB � UB

0 du)

<latexit sha1_base64="hqc+HjGTuMWhcOPNsEgAcJfW4Zk="></latexit>



Boundary gauge condition: 
Definition of   -BMS⇤
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ds2(0) =
⇤

3
dt2 + qABdx

AdxB

<latexit sha1_base64="n3dxCQBA7kghkpRCO1N55ZYINkM="></latexit>

Can always be reached 

Does not constraint the Cauchy problem

The residual diffeomorphisms in a 
given bulk gauge and in this boundary 

gauge form the   -BMS group.⇤
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Symmetry generators
Preserving SFG gauge: Diff(S3)xWeyl 

Preserving further boundary gauge: 

Flat spacetime limit:



(Soft) Algebra / Algebroid

The structure constants of the   -BMS 
algebra are field-dependent.

⇤
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In the flat limit, the structure constants 
are field-independent and reproduce the 

generalized BMS algebra.



The explicit generalized 
BMS algebra

[Barnich-Troessaert] 
[Campiglia-Laddha]

Their associated Noether charges are the Bondi mass and 
angular momentum aspects 

Upon quantization, the equality of the total flux at scri+ 
and scri- upon antipodal map is equivalent to the 
leading and subleading soft theorems



Symplectic structure
Action with holographic counterterms

Symplectic structure gets a contribution from the counterterm

At the boundary, the orthogonal component of the symplectic 
structure is

Therefore, energy is transferred due to changes of both JAB and 
qAB. They are the analogue in dS/AdS of the Bondi news.

[G.C., Marolf]

[Balasubramanian,  
Kraus]

�L =
�L

�gµ⌫
�gµ⌫ + d⇥, ! = �⇥

<latexit sha1_base64="X3BgwzT1kIx2qXCT7lES2+jKE/w="></latexit>



Symplectic flux fine for Minkowski and dS4

In AdS, the Cauchy problem requires a 
boundary condition



Boundary gauge fixing = Dirichlet boundary 
condition 

Well-posed dynamics requires to cancel 

Dirichlet boundary condition q   fixed gives 
SO(3,2). This leads to AdS/CFT. 

Neumann boundary condition J  =0 gives new 
boundary conditions: deformation of AdS/
CFT.

New boundary conditions for AdS4

g(0)uu =
⇤

3
, g(0)uA = 0, det(g(0)) =

⇤

3
q̄.

AB

AB



Asymptotic symmetry group 

Associated with finite and conserved charges, 
Dirac bracket of charges with no central extension. 

4New boundary conditions for AdS



Solutions: Schwarzschild but not Kerr 

Families of stationary solutions.  

If regular, they might bear on the cosmic 
censorship conjecture. No uniqueness theorem.

[Awad,  
Johnson, 2000]

[Bhattacharyya, Lahiri,  
Loganayagam, Minwalla,  

2000]

New boundary conditions for AdS4



Back to  -BMS: Surface charges

Charges are finite thanks to renormalization 

Charges are neither conserved or integrable 

Charges associated with Weyl are zero 

They obey the surface charge algebra

where

⇤
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The flat limit leads to a 
divergence

It is cured by adding a corner term to the action

Our prescription:

We define the corner presymplectic potential as

And the corner presymplectic form as



With our prescription for taking into account the 
corner boundary term, the divergence is cancelled



Flat limit
Solution space admits a smooth limit 

The asymptotic symmetry group   -BMS 
reduces to (generalized) BMS group 

Symplectic structure admits a smooth limit

⇤
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Corner term contribution  
to the Dirac bracket

It leads to a non-trivial 2-cocycle



Flat BMS surface charge algebra

Non-trivial 2-cocyle

Dirac bracket

Surface charges



Flat BMS surface charge algebra 
at the corners

I+

BMS fluxes:



Non-radiative asymptotic 
boundary conditions

Minkowski in an arbitrary super-Lorentz and 
supertranslation frame? Result:

where

We therefore impose as boundary conditions at past/future of scri:



Ambiguity shift in the Hamiltonian

Under the standard Dirac bracket,

This leads in particular to an ambiguity in the definition of angular 
momentum. This ambiguity can be fixed by requesting the BMS algebra  
to be realized without 2-cocyle at the corners.

With hindsight we define the shift



Final (nice) charges

All BMS charges are identically zero 
for Minkowski in an arbitrary BMS 
frame 

The BMS algebra is realized without 
central extension at the corners 



BMS flux algebra

I+
Supermomenta 
Super-Lorentz

where

[see also Campiglia, Peraza, 2020]



Conclusions
The flat BMS group admits a natural extension to (A)dS: the -BMS 
group(oid)/soft group. It is the asymptotic symmetry group of open 
Al(A)dS spacetimes without any boundary condition except a 
boundary gauge fixing condition (determined by a foliation and a 
measure) that does not constraint the Cauchy problem. 

The -BMS4 algebra is realized by the Dirac bracket of surface charges 

In AdS4, alternative boundary conditions exist 

The flat limit of the -BMS4 algebra exists provided corner terms are 
included in the variational principle and in the symplectic structure. 
The inclusion of corner terms might be useful in other contexts. 

BMS surface charges were proposed with two nice properties: vanishing 
for Minkowski and obeying the standard Dirac bracket without 
central extension at the corners.
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