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quantum gravity in 
4D asymptotically flat spacetimes

 

Goal : establish a holographic correspondence for
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Flat space
holography

Not a new idea:
[Susskind ‘99][Polchinski ‘99][Giddings ’99]
[de Boer, Solodukhin ‘03][Arcioni, Dappiaggi ’03 ’04]
[Dappiaggi, Moretti, Pinamonti ’06][Mann, Marolf ’06]…

much harder to formulate / differ from AdS/CFT
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Recent new input [Strominger ‘14]
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Flat space
holography

The S-matrix is BMS invariant

Provided a (new) starting point for 
flat space holography

Celestial / Carrollian 
holography

Key point: BMS acts globally
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The role of asymptotic symmetries was key for the 
flat space holography program.

Remarkably, BMS-like symmetries also appear in 
the near-horizon region of black holes!

[LD, Giribet, Gonzalez, Pino , PRL ‘16]



Flat space holography with horizons?
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What are the physical constraints implied by the 
infinite conservation laws for an asymptotically flat 
spacetime with a horizon?

The role of asymptotic symmetries was key for the 
flat space holography program.

Remarkably, BMS-like symmetries also appear in 
the near-horizon region of black holes!

[LD, Giribet, Gonzalez, Pino , PRL ‘16]

can we interpolate between                      ?  
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Asymptotically flat spacetime 
[Bondi, van der Burg, Metzner ’62] [Sachs ’62] [Newman, Unti ‘62]

▪  

: “Bondi mass aspect”

: angular momentum aspect

: asymptotic shear

: “news”
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In these coordinates, the black hole horizon is located at            . 
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Near-horizon geometry:

In these coordinates, the black hole horizon is located at            . 
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surface gravity
(for a Killing horizon) 

“twist”



Horizon dynamics
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•       Null Raychaudhuri equation:

describes how the expansion evolves along the null geodesic congruence
Key in the proof of singularity theorems (+ energy conditions)
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•       Null Raychaudhuri equation:

Damour equation:

originally thought of as the Navier-Stokes equation for a viscous fluid [Damour ’79][Price,Thorne ‘86] 

In fact, it is a conservation equation of a Carrollian (not a Galilean) fluid [LD, Marteau ‘19] 
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•       Null Raychaudhuri equation:

Damour equation:

originally thought of as the Navier-Stokes equation for a viscous fluid [Damour ’79][Price,Thorne ‘86] 

In fact, it is a conservation equation of a Carrollian (not a Galilean) fluid [LD, Marteau ‘19] 

Transverse shear evolution equation:

Tidal force equation:

•       

•       

•       
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Null infinity as an extremal horizon
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[Ashtekar, Khera, Kolanowski, Lewandowski ‘22] [Ashtekar, Speziale ‘24] [Agrawal, Charalambous, LD ‘25]  

is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime
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is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

spatial inversion

extremal non-twistingnon-expanding
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is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

This horizon `dual’ to null infinity is in general not part of the physical spacetime 
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the map                                            should be an exact isometry
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Null infinity as an extremal horizon

Laura Donnay
Laura Donnay

is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

[Agrawal, Charalambous, LD ‘25] 

BUT

This horizon `dual’ to null infinity is in general not part of the physical spacetime 

A consequence of this duality is

This ‘explains’ the Couch-Torrence symmetry of 
extreme Reissner-Nordstrom (ERN) black holes

If the spacetime contains an extremal non-rotating horizon, then

the map                                            should be an exact isometry



A self-dual example:

the 4D extremal Reissner-Nordström geometry 
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Couch-Torrence (CT) discrete conformal symmetry [Couch, Torrence ‘84] 
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Couch-Torrence (CT) discrete conformal symmetry [Couch, Torrence ‘84] 

effect: exchanges null infinity and the horizon! 



ERN as a self-dual example: the Couch-Torrence inversion symmetry
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Extremal Reissner-Nordström (ERN) black hole

Couch-Torrence (CT) discrete conformal symmetry [Couch, Torrence ‘84] 

effect: exchanges null infinity and the horizon! 

fixed point: photon sphere!
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Massless scalar perturbations on ERN black hole

Near            expansion:▪  

infinite tower of conserved quantities

Newman-Penrose conserved quantities [Newman, Penrose ‘65 ‘68] 

One obtains the recursion relations:▪  
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infinite tower of conserved quantities

Aretakis charges [Aretakis ‘11]                 key in the proof of linear instability of ERN black hole

Near            expansion:▪  

Massless scalar perturbations on ERN black hole

One obtains the recursion relations:▪  



Aretakis instability
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infinite tower of conserved quantities

Aretakis charges [Aretakis ’11]

Massless scalar perturbations on ERN black hole

transverse derivatives blow up as 

linear instability of ERN black hole

(+ decay results)
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Couch-Torrence (CT) inversion:

if ,   then 
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Map between Aretakis and Newman-Penrose 
conserved quantities

Conserved quantities near

Couch-Torrence (CT) inversion:

if ,   then 

[Bizon, Friedrich ’12][Lucietti, Murata, Reall, Tanahashi ‘12] [Agrawal, Charalambous, LD ‘24] 
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Near            expansion:▪  

infinite tower of conserved quantities

NP conserved quantities [Newman, Penrose ‘65 ‘68] 
quantities remain conserved at nonlinear level!

▪  One can extract the following quantities
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Linearized gravitational perturbations on ERN
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Near            expansion:▪  

New infinite tower of near-horizon conserved quantities [Agrawal, Charalambous, LD ‘24] 

1:1 match with horizon conservation laws

▪  One can extract the following quantities
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▪  We explored a geometric duality between null infinity and black hole horizons

▪  and its ‘dual’ black hole horizon are generically not part of the same spacetime

EXCEPTION : Extreme RN, hence the ‘surprising’ Couch-Torrence exact isometry 

▪  Under the CT inversion, Aretakis conserved quantities and Newman-Penrose charges are in 1:1 correspondence

novel infinite tower of conserved quantities for spin-two perturbations at the horizon

▪  Beyond self-dual example? extreme Kerr-Newman black holes

Remarkably, the matching of conserved quantities can also be extended to this case 
for axisymmetric perturbations of any spin!

[Agrawal, Charalambous, LD ‘24] 
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view this from the photon sphere perspective!
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Taming the Aretakis instability with multi-degenerate horizons
 [Agrawal, Charalambous, LD, Liberati, Neri ‘26] 

▪  Quantum fluctuations of near-extremal black holes?
[Iliesiu, Turiaci ’21]

[Porfyriadis, Rosen, Tsaraktsidis ‘25]



Thank you.

René Magritte, Les deux mystères (1966)
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