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General 
motivations
• Address conceptual issues of 
quantum gravity

• Is holography realized in nature? 

• Does it generalize beyond 
AdS/CFT? 
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Outline
➢ Carroll geometry

➢ Carroll field theories

➢ Towards holography
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➢ Description by fields         inherits a redundancy: Local Carroll boosts       + rotations

       but: 

➢ Carroll field theory described by an action                 must be invariant!

➢ Simplest case: “Electric” scalar field

➢ Typical for Carroll causality, propagation only along lines,

➢ An interacting model: Mutualistic scalar fields (“Carroll Swiftons”)

Carroll field theories
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[FE, D. Grumiller, M. Henneaux, P. Salgado-Rebolledo ‘24]
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➢ Impose boundary covariance, Weyl invariance and local Carroll boost invariance of  

➢ Implies a current (non-)conservation equation for

➢ Fix                                                                 but leave           unconstrained
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[see also Hartong et al. ’25, Fiorucci et al ‘25]
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➢ They act on         in precisely the same way as BMS acts on the shear,

 

➢ We obtain flux balance laws, for each choice of

➢ Identifying

                            

     where                   is the mass aspect and           is the news tensor.

➢ May be integrated to charges                                           to give representation of BMS

     

Towards holography
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“Bondi shear”

Boundary Ward identities Einstein equations in the bulk

coordinates  

“mass loss”
(EOM of GR)
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➢ From the conservation identities we may determine equal time brackets by varying again, e.g.

➢Leads to universal sector in commutators between boundary operators, e.g. the             sector

➢ Universal structure + theory dependent contact terms

Universal brackets
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[Schwinger ‘59, Dirac ’62]

[FE, L. Montecchio, S. Prohazka, J. Salzer WIP]
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Summary
➢ Torsion free compatible Carroll connection has independent degrees of freedom: 

➢ Field theories on the boundary of AF spacetimes couple to this geometry

➢ Gravitational flux balance laws may be matched to boundary Ward identities

                     coulombic data in 

                     radiative data in 

➢ Possible to extract universal structure in             and              brackets dictated by symmetry

             Carroll analogue of what Schwinger called 

             ``the most fundamental equation of relativistic quantum field theory’’
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[Schwinger ‘63]
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Carroll swiftons
➢ 

➢ Equations of motion are non-linear coupled PDE’s, no general method to solve them

 expand around a background solution,

➢ Propagation outside the Carroll lightcone (“Tachyon”) for              with  

➢ Energy is still bounded from below: with 
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[FE, D. Grumiller, M. Henneaux, P. Salgado-Rebolledo ‘24]

No instabilities
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locus                   is invariant 

Another example:

“Carroll-Jackiw-Teitelboim”



Quantum gravity in a scaling limit
➢ Bronstein cube: Visualizing various limits of quantum gravity
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➢ A Carroll limit that preserves specific features

      needs to keep finite the combinations

➢ Triple scaling limit

    Tantum gravity (TG)

➢ Expanding the Einstein-Hilbert action yields to leading order 

magnetic Carroll gravity is saddle-point approximation of tantum gravity for 

[FE, A. Fiorucci, D. Grumiller ‘25]
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Carroll black holes
➢ Solution space of Carroll-Jackiw-Teitelboim model:

  parametrized by single constant of motion

➢              sector admits fixed-points under Carroll boosts

➢ May associate thermal properties to these sol’s  
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Target space of CJT

no conical defectscharge at CESboundary charge 

Carroll extremal surface (CES)
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Carroll black holes
➢ Solution space of Carroll-Jackiw-Teitelboim model:

  parametrized by single constant of motion

➢              sector admits fixed-points under Carroll boosts

➢ They satisfy a first law
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Target space of CJT

Carroll extremal surface (CES)

[FE, J. Hartong, D. Grumiller, A. Pérez, S. Prohazka, R. Troncoso  ‘23]

define a Carroll black hole
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Magnetic Carroll gravity
➢ Hamiltonian action:

➢ First class constraints:
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Units
➢ Case of Carroll-Schwarzschild:
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