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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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We insist throughout that the action be finite (on-shell and
off-shell) for all allowed phase space configurations. In particular,
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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



Finite-dimensional supersymmetric extension

Analysis of
asymptotic
symmetries at
spatial infinity

Fermionic
extensions of
BMS,




Finite-dimensional supersymmetric extension

Analysis of

e o There exist different approaches to the study of the asymptotic

symmetries at

spatial infinity . . .
structure of supergravity, corresponding to the existence of
different fermionic extensions of BMS,

Université Libre
de B s &
Collége de France

Fermionic
extensions of
BMS,

4/22



Finite-dimensional supersymmetric extension

Analysis of
asymptotic

s There exist different approaches to the study of the asymptotic
v ’ structure of supergravity, corresponding to the existence of
different fermionic extensions of BMS,

The first approach takes as asymptotic conditions on the
gravitino field y; = G(r?),

Fermionic
extensions of
BMS,

4/22



Finite-dimensional supersymmetric extension

Analysis of
asymptotic

s There exist different approaches to the study of the asymptotic
v ’ structure of supergravity, corresponding to the existence of
different fermionic extensions of BMS,

de Bruxelles &
Collége de France

The first approach takes as asymptotic conditions on the
gravitino field y; = G(r?),
Fermionic
COrnG? which forces the supersymmetry parameter to tend to a constant
! spinor €q at infinity (improper (large) supersymmetry
transformations parametrized by constants).

4/22



Finite-dimensional supersymmetric extension

Analysis of
asymptotic . . .
symmetries at There exist different approaches to the study of the asymptotic
spatial infinity q . .
structure of supergravity, corresponding to the existence of

different fermionic extensions of BMS,

de Bruxelles &
Collége de France

The first approach takes as asymptotic conditions on the

gravitino field y; = G(r?),

Fermionic

COrnG? which forces the supersymmetry parameter to tend to a constant
! spinor €q at infinity (improper (large) supersymmetry

transformations parametrized by constants).

The resulting super-BMS, algebra has only a finite number of

fermionic generators. These close on ordinary translations.

4/22



Finite-dimensional supersymmetric extension

Analysis of
asymptotic

symmeties at There exist different approaches to the study of the asymptotic
spatial infinif

i’ ’ structure of supergravity, corresponding to the existence of

Tl SN different fermionic extensions of BMS,

de B s &
Collége de France

The first approach takes as asymptotic conditions on the
gravitino field y; = G(r?),

Fermionic

COrnG? which forces the supersymmetry parameter to tend to a constant
! spinor €q at infinity (improper (large) supersymmetry

transformations parametrized by constants).

The resulting super-BMS, 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.

4/22



Finite-dimensional supersymmetric extension

Analysis of
asymptotic . . .
symmetries at There exist different approaches to the study of the asymptotic
spatial infinity q . .
structure of supergravity, corresponding to the existence of

different fermionic extensions of BMS,

The first approach takes as asymptotic conditions on the

gravitino field y; = G(r?),

Fermionic

COrnG? which forces the supersymmetry parameter to tend to a constant
! spinor €q at infinity (improper (large) supersymmetry

transformations parametrized by constants).

The resulting super-BMS, 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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the two-sphere,
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Fermionic These are square roots of all BMS, supertranslations,
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B4 in the sense that the (graded) commutator of two supersymmetry
transformations parametrized respectively by €; (8, ¢) and €, (6, ¢)

is a BMS, supertranslation parametrized by

T=iele,, W=ielyieon'.
(Hamiltonian parametrization of BMS,, see C. Troessaert,
arXiv :1704.06223 [hep-th] and MH+CT, arXiv:1801.03718
lgr-qcl : €1 ~ T(O, ), E ~ 01 (rW (8, @), T even, W odd, (T, W) ~ a
where a/(0, @) is the parameter of BMS, supertranslations in the
null infinity description)
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de Bruxelles &
Collége de France

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 70, ¢) and W(0, ¢) of BMS, supertranslations
and the fermionic parameters (6, ¢) of their “square roots”
transform in such representations.
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R The Ay’s are the generators of spatial rotations, while the By’s are the
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algebra R=9R;

where [ (the weight/so(3)-spin of R;) 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 R; of so(3) that appears in R occurs at most once,
i.e., is non degenerate.
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for some [; that can be an arbitrary complex number

W el Thus, any representation of the Lorentz group is determined by a

algebra pair of numbers (ly, [;) where [y (the lowest so(3)-spin) is a
non-negative integer or half-integer, and where [; is an arbitrary
complex number.

It is important to realize that [y and /; enter symmetrically the
formulas giving the coefficients a; and c¢;. However, only [ is
required to be a non-negative integer or half-integer.
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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) 7 — T, W.
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e The parity of y is preserved by the Lorentz transformations. The
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with inequivalent sets of boundary conditions.

One yields the “small” graded extension sSBMS, of the BMS,
algebra of Awada et al, with a finite number of fermionic
generators.

Another set of boundary conditions yields a much bigger graded
extension SBMS, of the BMS, algebra, with an infinite number of
fermionic generators (“square roots of BMS, supertranslations”),
and non-linear terms in the Poisson brackets.

Both contain the BMS, algebra and the super-Poincaré algebra,
with [Head”, Head”] = Head?®.
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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.
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Université Libre Non-linear terms can appear in the algebra of asymptotic
and 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.
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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.)
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Université Libre Non-linear terms can appear in the algebra of asymptotic
e 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'!
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