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These methods are in fact encompassed by the BRST approach
(developed before), which frames the discussion on a more
satisfactory basis (gauge independence manifest etc).
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symmetries, will be explained in the context of gravity in the
asymptotically flat case, where the constraints yield the
Wheeler-DeWitt equation.
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asymptotic symmetry is infinite-dimensional and described by
the BMS group?

Answering this question is one of the purposes of this talk, based
on MH Phys. Rev. Lett. 135 (2025) no.6, 061501 [arXiv :2506.02240
[hep-th]].

7128



BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically
flat gravity

Marc Henneaux

(Université Libre

de Bruxelles and
Coll 2 de
France)

Introduction

Outline

8/28



Outline

BRST
quantization of
constrained
Hamiltonian
systems: the
example of

asymptotically
flat gravity @ The Wheeler-DeWitt equation

Marc Henneaux
(Université Libre
de Bruxelles and

College de
Franc

Introductic

8/28



Outline

BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically

flat gravity @ The Wheeler-DeWitt equation
@ Hamiltonian formulation of the BMS group

Introduction

8/28



Outline

BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically

flat gravity @ The Wheeler-DeWitt equation
@ Hamiltonian formulation of the BMS group

@ BRST formalism — BRST formulation of proper and improper
gauge symimetries

Introduction

8/28



Outline

BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically

flat gravity @ The Wheeler-DeWitt equation

Marc Henneaux

@ Hamiltonian formulation of the BMS group

@ BRST formalism — BRST formulation of proper and improper
gauge symimetries

Introduction

@ Action on physical states

8/28



Outline

BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically

flat gravity @ The Wheeler-DeWitt equation

Marc Henneaux

@ Hamiltonian formulation of the BMS group
@ BRST formalism — BRST formulation of proper and improper
gauge symimetries

Introduction

@ Action on physical states

Shall focus on general framework and questions of principles

8/28



Wheeler-DeWitt equation

BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically
flat gravity

Marc Henneaux
(Univ Libre
de Bruxelles and

Wheeler-DeWitt
equation

9/28



Wheeler-DeWitt equation

BRST
quantization of

constrained The Wheeler-DeWitt equation expresses that the states |y) of the

Hamiltonian

systems: the gravitational field should be annihilated by the gravitational

example of

asymptotically quantum constraint operators . and /.

flat gravity

Marc Henneaux

Wheeler-DeWitt
equation

9/28



Wheeler-DeWitt equation

BRST

quantization of
The Wheeler-DeWitt equation expresses that the states |y) of the

constrained

s gravitational field should be annihilated by the gravitational

systems: the

example of ~ N
asymptotically quantum constraint operators . and /.
ie, [@x((+#+{F 7)) =0,

flat gravity

Marc Henneaux
(Université Libre
de Brux nd

Wheeler-DeWitt
equation

9/28



BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically
flat gravity

Marc Henneaux

(Université Libre

de Brux nd

Wheeler-DeWitt
equation

Wheeler-DeWitt equation

The Wheeler-DeWitt equation expresses that the states |y) of the
gravitational field should be annihilated by the gravitational
quantum constraint operators . and /.

ie, [@x((+#+{F 7)) =0,

where .# and #. are the quantum versions of the Hamiltonian
and momentum constraint functions /# and /.

9/28



BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically
flat gravity

Marc Henneaux

(Université Libre

Wheeler-DeWitt
equation

Wheeler-DeWitt equation

The Wheeler-DeWitt equation expresses that the states |y) of the
gravitational field should be annihilated by the gravitational
quantum constraint operators . and /.

ie, [@x((t 7 +F78) 1p) =0

where .# and #. are the quantum versions of the Hamiltonian
and momentum constraint functions /# and /.

H = G,]mnﬂ -R/g=0, ==V " =0,

9/28



Wheeler-DeWitt equation

BRST
quantization of

constrained The Wheeler-DeWitt equation expresses that the states |y) of the

Hamiltonian

systems: the gravitational field should be annihilated by the gravitational

example of

asymptotically quantum constraint operators . and /.

flat gravity

Le, [dx+A2+5A) lw)=0

(Université Libre

e e where .# and #. are the quantum versions of the Hamiltonian
: and momentum constraint functions /# and /.

H = G,]mnﬂ -R/g=0, ==V " =0,
;‘;‘;:::Dewm and where ({ 4L 4 k) are arbitrary vector fields required to vanish at
infinity.

9/28



Wheeler-DeWitt equation

BRST
quantization of

constrained The Wheeler-DeWitt equation expresses that the states |y) of the

Hamiltonian

systems: the gravitational field should be annihilated by the gravitational

example of

asymptotically quantum constraint operators . and /.
gravity

Le, [dx+A2+5A) lw)=0

(Université Libre

where .# and #. are the quantum versions of the Hamiltonian
and momentum constraint functions /# and /.

H = G,]mnﬂ -R/g=0, ==V " =0,
;‘;‘;::f’:mwm and where ({ 4L 4 k) are arbitrary vector fields required to vanish at
infinity.

(c=1land 161G =1, Gjjmn = gg 2 (glmg]n + &in&jm — &ij&mn) 18 the
inverse of the DeWitt supermetric, 7% are the conjugate
momenta to the spatial metric g;;, geometric objects are
3-dimensional (spatial))

9/28



Wheeler-DeWitt equation

BRST
quantization of
constrained
Hamiltonian
systems: the
example of
asymptotically
flat gravity

Marc Henneaux
(Univ Libre
de Bruxelles and

Wheeler-DeWitt
equation

10/28



Wheeler-DeWitt equation

BRST . . . . . .
quantization of The quantum constraints were originally written in the metric

constrained . ..
Hamiltonan representation where ¥ = ¥(g;;(x)] and 7Y (x) = h %,
systems: the i 0gij(x)

example of
asymptotically
flat gravity

Wheeler-DeWitt
equation

10/28



Wheeler-DeWitt equation

BRST . P . . .
quantization of The quantum constraints were originally written in the metric
trained . .
Homiltonian representation where W = W[g;i(x)] and 77 (x) = %%,
systems: the U
cmber leading to second order functional differential equations with

asymptotically
flat gravity respect to the metric :

Marc Henneaux
(Université Libre 6 ( 6\}/

de Bruxelles and hZ Gy ——
I ymn 6gij 5gmn

(4
+R/g¥ =0 , ( )
Vg B8

Wheeler-DeWitt
equation

10/28



Wheeler-DeWitt equation

BRST . . . . . .
quantization of The quantum constraints were originally written in the metric

constrained . i7
Hamilltonilan representation where ¥ = ¥(g;;(x)] and 7Y (x) = %%,
systems: the
v toeally leading to second order functional differential equations with
MLy respect to the metric :
Marc Henneaux
(Université Libre
de Bruxelles and 9 6 (oY oV B
—— n thmi16_(6 +R/g¥ =0 N =
8ij \08mn 8mn)\m

The second equation expresses invariance of ¥ under spatial

diffeomorphisms, i.e., the fact that it depends only on the

e 3-geometry, ¥ = ¥[®%¢], and not on how this 3-geometry is
described in coordinates.

10/28



Wheeler-DeWitt equation

BRST . . . . . .
quantization of The quantum constraints were originally written in the metric

cons.lrain.ed q _ . ij _h 5
s representation where ¥ = W[gj;(x)] and 7Y (x) = 7 55’
v toeally leading to second order functional differential equations with
Gy respect to the metric :
Marc Henneaux
(Université Libre
de Bruxelles and 6 (0¥ oY
[Rsea n? Gijmn—— ( +Ry/g¥ =0 ) ( =
: 08ij \0&mn 68mn ) im

The second equation expresses invariance of ¥ under spatial
diffeomorphisms, i.e., the fact that it depends only on the

Wheeler-DeWitt

equation 3-geometry, ¥ = ¥ [G%], and not on how this 3-geometry is
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Here, the states | g;(“)) are eigenstates of the metric operator with
eigenvalues glfjk) (x),

and Ay is the gauge operator of which Ais the BRST extension.
The projected kernel A; [gl(jz) , gll)] is the kernel of Ay in a basis of
physical states expressed as functlons of the metric. It contains
the information about all the scalar products of Ay between
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