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Motivations

• What is the maximal number of symmetries that can be switched on null surfaces ? 

• Which coordinates system realize them? 

• What is the phase space and how is it organized ? 

• How to deal with flux or/and non integrable charges? 

• Finite surfaces but, up to renormalizable technics, can be applied to asymptotic 
boundaries 

Symmetries at null boundaries with leakyness



Set-up: Einstein theory  &  GNC

Null surface 



Constraints (at leading order)

EOM



Symmetries

Symmetry algebra

Assuming

Modified Lie bracket



Relations to the literature
• Boundary conditions restrictions  

• Subalgebra = BMSW  

• Extension to radial translation 



Charges

• Open system (leakyness) -> non-integrable charge and flux balance laws 

• Conjecture: Charges can be made integrable by a change of slicing whenever there 
is no propagating degrees of freedom passing through the surface 



Charges

Case N_AB=0 ; for example 3D



Generic case



• Thermodynamical slicing  

• Genuine slicing 



Null boundary memory effects
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Figure 3: Penrose diagram for shockwave entering black hole. Shaded oval denotes absorption
(not in solution space). Dashed orange (green) line is initial (final) horizon H

+ (H̃+).

function type, sharply peaked around v = v0.

f(v � v0) =
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⇡
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✏2 + (v � v0)2
0 < ✏ ⌧ 1 (8.3)

The normalization of f is chosen such that
R1
�1 dv f2 = 1.

Initially and finally, the system is stationary by assumption and has vanishing expansion,
⇥l = 0. As a response to the incident wave, the expansion is non-zero for a short period. In
the initial and final stages the system is described by two towers of boundary charges ⌦,JA, as
discussed in section 7.2. Specifically, the system is assumed to satisfy the early- and late-times
conditions (|v � v0| � ✏)

⌦ = ⌦± � = �2± ⌦AB = ⌦̄±
AB ⇥l = @vJA = 0 (8.4)

where ⌦±,± and ⌦̄AB, respectively, denote area density, surface gravity, and metric on Nv,
before (�) and after (+) the passage of the wave (see again Fig. 3). The area theorem (see
e.g. [52]) implies ⌦+ > ⌦�.

At early and late times, the system is described by two towers of charges, whereas during
the encounter time |v� v0| = O(✏) all three towers of charges, including P, can take non-zero
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Summary 
• What is the maximal number of symmetries that can be switched on null surfaces ?

• We obtained D codimension 1 functions (unspecified time dependence)

• Which coordinates system realize them?

• Minimize the conditions on the coordinates to get more symmetries



• What is the phase space and how it is organized ?

• How to deal with flux, or apparent non integrable charges?

• Coadjoint orbits and flux





Future directions

• Still room for bigger symm. , eg switching radial translation  

• Allowing time like regim to describe matter falling in the black hole  

• Relation to the corner point of view 

• Coadjoint orbits  

• Heisenberg algebra seems to always appear, how much this group is fundamental? 

• …


