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Plan of the talk

Introduction: Hamiltonian formulation of General Relativity

• The gravitational action and boundary terms

• The ADM decomposition of spacetime: Lapse and Shift

• Constraints and dynamics

Explicit diffeomorphism violation in the SME gravity sector  

• The Hamiltonian formulation

• Extended boundary terms

• Constraints and Hamilton’s equations of motion

Final remarks



• The standard model of particles is an effective theory which requires an extension at higher 
energies close to the Planck energy. Many approaches to quantum gravity suggest that new 
physics in the form of CPT and Lorentz symmetry breaking may arise at the Planck scales.

• Most of the searches have been given within the framework of the Standard-Model Extension 
(SME) where Lorentz symmetry violation has been less explored in the gravity sector. The presence 
of nondynamical backgrounds fields may introduce possible issues with the Bianchi identity.

• General Relativity is a constrained system with first class constraints generating symmetries. The 
Hamiltonian formulation is a well suited to study breaking of local Lorentz and diffeomorphism 
symmetry.

• A natural question arise about consistency i) the equivalence of the dynamics in the Hamiltonian 
formulation and ii) are the constraints the projected modified Einstein equations.  

Motivations



The Standard-Model Extension (SME) 
[A. Kostelecky and D. Colladay, Phys. Rev. D 55 (1997), 6760-6774 and 58 (1998), 116002].

• The SME is an effective framework to accommodate all possible terms of CPT and Lorentz violation. 
The Lorentz violating tensors are suggested to arise as expectation values in a more fundamental 
theory [A. Kostelecky and S. Samuel, Phys.Rev.D 39 (1989) 683].

• It includes extensions to the quantum field theories of the standard model of particles and to 
General Relativity (GR).

• It has been implemented with operators of mass dimension lower than four (minimal sector) and 
with operators of dimension higher than four (nonminimal sector).

• Several experimental bounds have been given in all the sectors [A. Kostelecky and D. Colladay

Phys.Rev.D 55 (1997) 6760-6774, Phys.Rev.D 58 (1998) 116002].
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General Relativity: Boundary term
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Lapse
Shift
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Highlights: Hamiltonian and constraints



We study the Hamiltonian formulation of SME gravity [K. O'Neal-Ault, Q. G. Bailey and N. A. Nilsson, PRD. 103, 044010, 

(2021) and CMR and M. Schreck  PRD 104, 124042, (2021)].
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SME gravity: the u and the s sector













Final Remarks

▪ We have developed the Hamiltonian formulation of canonical SME gravity.

▪ We have generalized to include background-dependent boundary terms, which allow to 
get rid of higher-order terms.

▪ We have shown the equivalence of covariant and Hamiltonian formalisms with respect to 
constraints and dynamics. 

▪ There are many aspects that need to be understood in particular the constraint structure 
of the theory.


