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Analysis of asymptotic symmetries at spatial
infinity - The case of supergravity

Talk discusses some features that emerge from the asymptotic
analysis of supergravity in the asymptotically flat context.

Results based on joint work with O. Fuentealba, S. Majumdar, J.
Matulich and T. Neogi (arXiv :2108.07825 [hep-th]).

Our central result is a definition of the theory by means of
specific, precise boundary conditions at spatial infinity,

the asymptotic symmetry superalgebra of which is an extension
of the BMS4 algebra with an infinite number of fermionic
generators, which are the “square roots” of all the
supertranslations.

Will not give the full analysis here but will focus instead on some
unanticipated properties of the asymptotic superalgebra,
namely, that it involves nonlinear terms, specifically,
[Boost,Supersymmetry] = Supersymmetry+Quadratic .

Can one understand why such non-linear terms arise in the
algebra ?
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Introduction

Our approach finds its roots in the “N = 0” work done with C.
Troessaert on the asymptotic structure of pure gravity

and the emergence of the BMS4 group at spatial infinity (MH+CT,
arXiv :1801.03718 [gr-qc], arXiv :1805.11288 [gr-qc],
arXiv :1904.04495 [hep-th]).

Key features of that program are :

The analysis is carried out in phase space, using the Hamiltonian
formulation of supergravity.
We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
there is a well-defined (finite) symplectic structure.
Symmetries are phase space transformations that leave the action
invariant and for which there is therefore a well-defined moment
map.
One can accordingly apply standard theorems of Hamiltonian
mechanics.

3 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Introduction

Our approach finds its roots in the “N = 0” work done with C.
Troessaert on the asymptotic structure of pure gravity

and the emergence of the BMS4 group at spatial infinity (MH+CT,
arXiv :1801.03718 [gr-qc], arXiv :1805.11288 [gr-qc],
arXiv :1904.04495 [hep-th]).

Key features of that program are :

The analysis is carried out in phase space, using the Hamiltonian
formulation of supergravity.
We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
there is a well-defined (finite) symplectic structure.
Symmetries are phase space transformations that leave the action
invariant and for which there is therefore a well-defined moment
map.
One can accordingly apply standard theorems of Hamiltonian
mechanics.

3 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Introduction

Our approach finds its roots in the “N = 0” work done with C.
Troessaert on the asymptotic structure of pure gravity

and the emergence of the BMS4 group at spatial infinity (MH+CT,
arXiv :1801.03718 [gr-qc], arXiv :1805.11288 [gr-qc],
arXiv :1904.04495 [hep-th]).

Key features of that program are :

The analysis is carried out in phase space, using the Hamiltonian
formulation of supergravity.
We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
there is a well-defined (finite) symplectic structure.
Symmetries are phase space transformations that leave the action
invariant and for which there is therefore a well-defined moment
map.
One can accordingly apply standard theorems of Hamiltonian
mechanics.

3 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Introduction

Our approach finds its roots in the “N = 0” work done with C.
Troessaert on the asymptotic structure of pure gravity

and the emergence of the BMS4 group at spatial infinity (MH+CT,
arXiv :1801.03718 [gr-qc], arXiv :1805.11288 [gr-qc],
arXiv :1904.04495 [hep-th]).

Key features of that program are :

The analysis is carried out in phase space, using the Hamiltonian
formulation of supergravity.
We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
there is a well-defined (finite) symplectic structure.
Symmetries are phase space transformations that leave the action
invariant and for which there is therefore a well-defined moment
map.
One can accordingly apply standard theorems of Hamiltonian
mechanics.

3 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Introduction

Our approach finds its roots in the “N = 0” work done with C.
Troessaert on the asymptotic structure of pure gravity

and the emergence of the BMS4 group at spatial infinity (MH+CT,
arXiv :1801.03718 [gr-qc], arXiv :1805.11288 [gr-qc],
arXiv :1904.04495 [hep-th]).

Key features of that program are :
The analysis is carried out in phase space, using the Hamiltonian
formulation of supergravity.

We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
there is a well-defined (finite) symplectic structure.
Symmetries are phase space transformations that leave the action
invariant and for which there is therefore a well-defined moment
map.
One can accordingly apply standard theorems of Hamiltonian
mechanics.

3 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Introduction

Our approach finds its roots in the “N = 0” work done with C.
Troessaert on the asymptotic structure of pure gravity

and the emergence of the BMS4 group at spatial infinity (MH+CT,
arXiv :1801.03718 [gr-qc], arXiv :1805.11288 [gr-qc],
arXiv :1904.04495 [hep-th]).

Key features of that program are :
The analysis is carried out in phase space, using the Hamiltonian
formulation of supergravity.
We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
there is a well-defined (finite) symplectic structure.

Symmetries are phase space transformations that leave the action
invariant and for which there is therefore a well-defined moment
map.
One can accordingly apply standard theorems of Hamiltonian
mechanics.

3 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Introduction

Our approach finds its roots in the “N = 0” work done with C.
Troessaert on the asymptotic structure of pure gravity

and the emergence of the BMS4 group at spatial infinity (MH+CT,
arXiv :1801.03718 [gr-qc], arXiv :1805.11288 [gr-qc],
arXiv :1904.04495 [hep-th]).

Key features of that program are :
The analysis is carried out in phase space, using the Hamiltonian
formulation of supergravity.
We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
there is a well-defined (finite) symplectic structure.
Symmetries are phase space transformations that leave the action
invariant and for which there is therefore a well-defined moment
map.

One can accordingly apply standard theorems of Hamiltonian
mechanics.

3 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Introduction

Our approach finds its roots in the “N = 0” work done with C.
Troessaert on the asymptotic structure of pure gravity

and the emergence of the BMS4 group at spatial infinity (MH+CT,
arXiv :1801.03718 [gr-qc], arXiv :1805.11288 [gr-qc],
arXiv :1904.04495 [hep-th]).

Key features of that program are :
The analysis is carried out in phase space, using the Hamiltonian
formulation of supergravity.
We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
there is a well-defined (finite) symplectic structure.
Symmetries are phase space transformations that leave the action
invariant and for which there is therefore a well-defined moment
map.
One can accordingly apply standard theorems of Hamiltonian
mechanics.

3 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Finite-dimensional supersymmetric extension

There exist different approaches to the study of the asymptotic
structure of supergravity, corresponding to the existence of
different fermionic extensions of BMS4

The first approach takes as asymptotic conditions on the
gravitino field ψi =O (r−2),

which forces the supersymmetry parameter to tend to a constant
spinor ε0 at infinity (improper (large) supersymmetry
transformations parametrized by constants).

The resulting super-BMS4 algebra has only a finite number of
fermionic generators. These close on ordinary translations.

This is the algebra considered some time ago by Awada, Gibbons
and Shaw, who showed that it could indeed be realized as a
symmetry at null infinity.

An equivalent analysis can be performed at spatial infinity. (MH +
J. Matulich + T. Neogi, arXiv :2004.07299 [hep-th])
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Infinite-dimensional supersymmetric extension

The second approach has more flexible boundary conditions
(ψi = ∂iχ+O (r−2), χ=O (1)) that lead to an infinite-dimensional
fermionic extension, parametrized by even spinor functions on
the two-sphere,

instead of a constant spinor.

These are square roots of all BMS4 supertranslations,

in the sense that the (graded) commutator of two supersymmetry
transformations parametrized respectively by ε1(θ,ϕ) and ε2(θ,ϕ)

is a BMS4 supertranslation parametrized by

T = iεT
1 ε2, W = iεT

1 γiε2 ni .

(Hamiltonian parametrization of BMS4, see C. Troessaert,
arXiv :1704.06223 [hep-th] and MH+CT, arXiv :1801.03718
[gr-qc] : ξ⊥ ∼ T(θ,ϕ), ξi ∼ ∂i(rW (θ,ϕ), T even, W odd, (T ,W ) ∼α
where α(θ,ϕ) is the parameter of BMS4 supertranslations in the
null infinity description)

5 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Infinite-dimensional supersymmetric extension

The second approach has more flexible boundary conditions
(ψi = ∂iχ+O (r−2), χ=O (1)) that lead to an infinite-dimensional
fermionic extension, parametrized by even spinor functions on
the two-sphere,

instead of a constant spinor.

These are square roots of all BMS4 supertranslations,

in the sense that the (graded) commutator of two supersymmetry
transformations parametrized respectively by ε1(θ,ϕ) and ε2(θ,ϕ)

is a BMS4 supertranslation parametrized by

T = iεT
1 ε2, W = iεT

1 γiε2 ni .

(Hamiltonian parametrization of BMS4, see C. Troessaert,
arXiv :1704.06223 [hep-th] and MH+CT, arXiv :1801.03718
[gr-qc] : ξ⊥ ∼ T(θ,ϕ), ξi ∼ ∂i(rW (θ,ϕ), T even, W odd, (T ,W ) ∼α
where α(θ,ϕ) is the parameter of BMS4 supertranslations in the
null infinity description)

5 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Infinite-dimensional supersymmetric extension

The second approach has more flexible boundary conditions
(ψi = ∂iχ+O (r−2), χ=O (1)) that lead to an infinite-dimensional
fermionic extension, parametrized by even spinor functions on
the two-sphere,

instead of a constant spinor.
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(Hamiltonian parametrization of BMS4, see C. Troessaert,
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Infinite-dimensional supersymmetric extension

What this means is that the graded Poisson bracket of two
asymptotic supersymmetries, one with parameter ε1 and the
other with parameter ε2 is a BMS4 supertranslation with
parameters (T ,W ),

[Q(ε1),Q(ε2)] = PT ,W .

This is the asymptotic form of the well-known fact that the
(anti-)commutator of two local supersymmetry transformations
is a diffeomorphism parametrized by ξµ = iε̄1γ

µε2.

To understand the other Poisson bracket relations in the
(super)algebra, and the need for quadratic terms, it is necessary
to make a detour in the theory of infinite-dimensional
representations of the Lorentz group.

The parameters T(θ,ϕ) and W (θ,ϕ) of BMS4 supertranslations
and the fermionic parameters ε(θ,ϕ) of their “square roots”
transform in such representations.
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Lorentz generators

The Lorentz algebra so(3,1) reads

[A1,A2] = A3, [A2,A3] = A1, [A3,A1] = A2 ⇔ [Ai,Aj] = εijkAk,

[Ai,Bj] = εijkBk,

[Bi,Bj] =−εijkAk.

The Ak’s are the generators of spatial rotations, while the Bk’s are the
generators of boosts. They transform as vectors under spatial
rotations. It is useful to define

H3 = iA3, H+ = iA1 −A2, H− = iA1 +A2

and similarly

F3 = iB3, F+ = iB1 −B2, F− = iB1 +B2 .
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Irreducible representations

General results on irreducible (infinite-dimensional, not
necessarily unitary) representations of so(3,1) by Gel’fand,
Naimark, Harish-Chandra.

Since so(3) is a (compact) subalgebra of the Lorentz algebra
so(3,1), any representation R of so(3,1) decomposes as a direct
sum of representations Rl of so(3),

R =⊕Rl

where l (the weight/so(3)-spin of Rl) is an non-negative integer or
half-integer. The sum can be infinite.

If the representation R of so(3,1) is irreducible, each
representation Rl of so(3) that appears in R occurs at most once,
i.e., is non degenerate.
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Irreducible representations

Let l0 ≥ 0 be the lowest so(3)-spin that appears in the
decomposition of R. Then the so(3)-spins are l = l0, l0 +1, · · · , with
a maximum value l0 +n (n integer) if the representation R is
finite-dimensional, and no upper bound if R is
infinite-dimensional.

In a standard basis ξlm of Rl, one has

H3ξlm = mξlm,

H−ξlm =
√

(l+m)(l−m+1)ξl,m−1,

H+ξlm =
√

(l+m+1)(l−m)ξl,m+1,

(m =−l,−l+1, · · · , l−1, l). These relations are unaffected if we
rescale all ξlm’s by the same m-independent factor h(l),
ξlm → h(l)ξlm.
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Irreducible representations

The Bi’s are vector operators, so that by the Wigner-Eckart
theorem, they can only change the so(3)-spin l by ±1, i.e. Biξlm is
a linear combination of vectors ξl′m′ with l′ = l−1, l, l+1.

One finds explicitly, upon suitable normalization of the ξlm’s,

F3ξlm = cl

√
l2 −m2ξl−1,m −almξl,m − cl+1

√
(l+1)2 −m2ξl+1,m

F+ξlm = cl

√
(l−m)(l−m−1)ξl−1,m+1 −al

√
(l−m)(l+m+1)ξl,m+1

+cl+1

√
(l+m+1)(l+m+2)ξl+1,m+1

F−ξlm =−cl

√
(l+m)(l+m−1)ξl−1,m−1 −al

√
(l+m)(l−m+1)ξl,m−1

−cl+1

√
(l−m+1)(l−m+2)ξl+1,m−1

l = l0, l0 +1, · · · , m =−l,−l+1, · · · , l−1, l,
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√
(l+1)2 −m2ξl+1,m
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√
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√
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where

al =
il0l1

l(l+1)
, cl =

i

l

√
(l2 − l2

0)(l2 − l2
1)

4l2 −1

for some l1 that can be an arbitrary complex number

Thus, any representation of the Lorentz group is determined by a
pair of numbers (l0, l1) where l0 (the lowest so(3)-spin) is a
non-negative integer or half-integer, and where l1 is an arbitrary
complex number.

It is important to realize that l0 and l1 enter symmetrically the
formulas giving the coefficients al and cl. However, only l0 is
required to be a non-negative integer or half-integer.
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Irreducible representations

A representation with minimum so(3)spin l0 contains the weights
l0, l0 +1, · · · .
The representation is finite-dimensional if this series stops.
Assume that it stops at lmax = l0 +n for some integer n. This will
occur if and only if clmax+1 = cl0+n+1 = 0, which will be the case if
and only if l0 +n+1 = |l1|. Thus, a representation is
finite-dimensional if and only if |l1|− l0 −1 is a non-negative
integer. |l1|−1 is then the highest so(3)-spin occuring in the
representation.

The representation is unitary in one of two cases :

l1 pure imaginary (including 0), no restriction on l0 (“main (or
principal) series”) ;
l0 = 0, l1 real number ∈ [−1,1] (“supplementary series”).

Only the finite-dimensional trivial (scalar) representation is
unitary (l0 = 0, l1 =±1)
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BMS4 supertranslations

The first example of an infinite-dimensional representation of
the Lorentz group arising in the asymptotic context is given by
the BMS4 supertranslations.

The supertranslations τ(xA) are described by functions on the
2-sphere ((xA) ≡ (θ,ϕ)) that transform under the Lorentz group as

XY ,bτ= Y A∂Aτ−∂Ab∂Aτ−bτ

Here, Y A is a rotation Killing vector, BA ≡−∂Ab is the conformal
Killing vector on the 2-sphere associated with the boost

bi(xi ∂
∂x0 +x0 ∂

∂xi ) and b = bi xi

r .

It is a multiplier representation of the type

XY ,bτ= Y A∂Aτ−∂Ab∂Aτ−kbτ

with k = 1.
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BMS4 supertranslations

The representation is reducible.

The four-dimensional subspace of spherical harmonics with
`= 0 and `= 1 is invariant and yields the vector representation
with l0 = 0 and l1 = 2.

The quotient representation is irreducible, infinite-dimensional
and characterized by l0 = 2 and l1 = 0.

It is called the “tail” of the finite-dimensional representation with
l0 = 0 and l1 = 2. (Incidentally, the tail is unitary and belongs to
the principal series.)

The full representation is, however, not completely reducible (it is
indecomposable) because the subspace of spherical harmonics
with `≥ 2 is not invariant.

One can make the change of parametrization (basis) τ↔ T ,W .
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The quotient representation is irreducible, infinite-dimensional
and characterized by l0 = 2 and l1 = 0.

It is called the “tail” of the finite-dimensional representation with
l0 = 0 and l1 = 2. (Incidentally, the tail is unitary and belongs to
the principal series.)

The full representation is, however, not completely reducible (it is
indecomposable) because the subspace of spherical harmonics
with `≥ 2 is not invariant.

One can make the change of parametrization (basis) τ↔ T ,W .
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Spinor representation

The representation relevant to the fermionic charges is described
by spinor functions χ(θ,ϕ) on the 2-sphere.

These transform under the Lorentz group as

δξχ=−ξ⊥γ0γ
m∂mχ+ 1

2
∂jξ

⊥γjγ0χ+Lξkχ

where ξ⊥ = bixi (boosts) and ξk is a rotation Killing vector.

The parity of χ is preserved by the Lorentz transformations. The
representation that contains the constant spinors is described by
even χ’s and we take therefore χ to be even.
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Spinor representation

The spinor representation is reducible but not decomposable.

As in the bosonic case, there is a finite-dimensional “head”,
corresponding to an invariant subspace,

here, the spin- 1
2 representation of the Lorentz group

characterized by l0 = 1
2 and l1 = 3

2 ,

and an infinite-dimensional tail characterized by the dual values
l0 = 3

2 and l1 = 1
2 .

From the point of view of the subalgebra so(3), the representation
decomposes as the infinite direct sum

D 1
2
⊕D 3

2
⊕D 5

2
⊕·· ·

but as a representation of the Lorentz algebra, it is
indecomposable.
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Paradox - Closure of fermionic symmetries and
Jacobi identity

The fermionic symmetries close on supertranslations acording to

T = iεT
1 ε2, W = iεT

1 γ
0γiε2 ni .

But is this consistent ?

Superficially, this equality is inconsistent with Jacobi identity
because iεT

1 ε2 and iεT
1 γ

0γiε2 ni do not transform as BMS4

supertranslations,

even though the finite-dimensional heads correctly transform,

reproducing the well-known relations characteristic of rigid
supersymmetry :

T (0) = iε(0)T
1 ε(0)

2 , W (1) = iε(0)T
1 γ0γiε

(0)
2 ni
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Paradox - Closure of fermionic symmetries and
Jacobi identity

The reason it conflicts with the Jacobi identity is the following.

One has (schematically)

[[Q,Q],F] ∼ [[Q,F],Q]+ [[Q,F],Q]

The left-hand side is the transformation of [Q,Q] ∼ P under
boosts, while the right-hand side involves the (graded) Poisson
bracket of Q with the transformed of Q under boosts.

Jacobi identity constrains the two ways of computing the action
of the boosts to be equal.

But as we saw, this is not so !
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What is failing in the argument ?
It turns out that the bracket [Q,F] giving the transformation rule
of the fermionic generator Q under boosts is modified by
quadratic terms !
More precisely, there is a second fermionic symmetry S, which
does transform under boosts as expected, and which
(anti)commutes with Q but up to a non-vanishing central charge,

[Q,S] ∼ I .

This second fermionic generator appears in the bracket [Q,F],

[Q,F] ∼ Q+SP

in such a way that the Jacobi identity indeed holds,

[[Q,F],Q] ∼ [Q,Q]+ [Q,SP] ∼ (·+ ·)P.
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Paradox - Solution

This non-linear term in the Poisson bracket algebra does not
appear in the linear theory

(Pauli-Fierz + Rarita-Schwinger)

but there is no contradiction because the gauge supersymmetries
of the linearized theory anticommute exactly and are not the
square roots of the BMS4 proper supertranslations.

The superalgebra of the linear theory can in fact be lifted to the
interacting case with different boundary conditions,

giving a “poorer” superalgebra where the BMS4 proper
supertranslations have no square root.

Only the heads have.
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Conclusions and comments

There exist inequivalent asymptotic formulations of supergravity
at spatial infinity,

with inequivalent sets of boundary conditions.

One yields the “small” graded extension sBMS4 of the BMS4

algebra of Awada et al, with a finite number of fermionic
generators.

Another set of boundary conditions yields a much bigger graded
extension SBMS4 of the BMS4 algebra, with an infinite number of
fermionic generators (“square roots of BMS4 supertranslations”),

and non-linear terms in the Poisson brackets.

Both contain the BMS4 algebra and the super-Poincaré algebra,
with [HeadF ,HeadF ] = HeadB.
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Conclusions and comments

Non-linear terms can appear in the algebra of asymptotic
symmetries.

They are constrained by the Jacobi identity just like in systems
with a finite number of dimensions

and are in fact unavoidable ( ?) in some instances.

One can reliably use the Jacobi identity because the symmetries
are canonically realized and the standard features of the
Hamiltonian formalism apply.

(There are previous asymptotic studies were non-linear algebras
appear.)

THANK YOU !

22 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Conclusions and comments

Non-linear terms can appear in the algebra of asymptotic
symmetries.

They are constrained by the Jacobi identity just like in systems
with a finite number of dimensions

and are in fact unavoidable ( ?) in some instances.

One can reliably use the Jacobi identity because the symmetries
are canonically realized and the standard features of the
Hamiltonian formalism apply.

(There are previous asymptotic studies were non-linear algebras
appear.)

THANK YOU !

22 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Conclusions and comments

Non-linear terms can appear in the algebra of asymptotic
symmetries.

They are constrained by the Jacobi identity just like in systems
with a finite number of dimensions

and are in fact unavoidable ( ?) in some instances.

One can reliably use the Jacobi identity because the symmetries
are canonically realized and the standard features of the
Hamiltonian formalism apply.

(There are previous asymptotic studies were non-linear algebras
appear.)

THANK YOU !

22 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Conclusions and comments

Non-linear terms can appear in the algebra of asymptotic
symmetries.

They are constrained by the Jacobi identity just like in systems
with a finite number of dimensions

and are in fact unavoidable ( ?) in some instances.

One can reliably use the Jacobi identity because the symmetries
are canonically realized and the standard features of the
Hamiltonian formalism apply.

(There are previous asymptotic studies were non-linear algebras
appear.)

THANK YOU !

22 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Conclusions and comments

Non-linear terms can appear in the algebra of asymptotic
symmetries.

They are constrained by the Jacobi identity just like in systems
with a finite number of dimensions

and are in fact unavoidable ( ?) in some instances.

One can reliably use the Jacobi identity because the symmetries
are canonically realized and the standard features of the
Hamiltonian formalism apply.

(There are previous asymptotic studies were non-linear algebras
appear.)

THANK YOU !

22 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Conclusions and comments

Non-linear terms can appear in the algebra of asymptotic
symmetries.

They are constrained by the Jacobi identity just like in systems
with a finite number of dimensions

and are in fact unavoidable ( ?) in some instances.

One can reliably use the Jacobi identity because the symmetries
are canonically realized and the standard features of the
Hamiltonian formalism apply.

(There are previous asymptotic studies were non-linear algebras
appear.)

THANK YOU !

22 / 22



Analysis of
asymptotic

symmetries at
spatial infinity

Marc Henneaux
Université Libre
de Bruxelles &

Collège de France

Introduction

Fermionic
extensions of
BMS4

Representations
of the Lorentz
algebra

BMS4
supertranslations

Infinite-
dimensional
spinor
representation

A paradox and its
solution

Conclusions and
comments

Conclusions and comments

Non-linear terms can appear in the algebra of asymptotic
symmetries.

They are constrained by the Jacobi identity just like in systems
with a finite number of dimensions

and are in fact unavoidable ( ?) in some instances.

One can reliably use the Jacobi identity because the symmetries
are canonically realized and the standard features of the
Hamiltonian formalism apply.

(There are previous asymptotic studies were non-linear algebras
appear.)

THANK YOU !

22 / 22


	Introduction
	Fermionic extensions of BMS4
	Representations of the Lorentz algebra
	BMS4 supertranslations
	Infinite-dimensional spinor representation
	A paradox and its solution
	Conclusions and comments

