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chiral (£ - 1)-forms can be consistently defined.
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maximal supergravity in 11 dimensions

Are there theories corresponding to the other algebras?
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D = 6 exotic theory (?) D=6 D = 6 exotic theory (7)
chiral N = (4,0) non-chiral ' = (2,2)
G = Egq G = S0(5,5)

Figure 1. The various higher-dimensional origins of D = 4, A’ = 8 supergravity, with a question mark for
the so far unknown theories. We have indicated the supersymmetry in dimensions ten and six, where chirality
allows for different maximal 3 y algebras. The (conj in the case of six. fonal exotic
theories) global symmetry groups G are also written.

(Taken from MH, V. Lekeu, J. Matulich and S. Prohazka (2018))
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they do reduce in five spacetime dimensions to ordinary
five-dimensional maximal supergravity

(hence the identification as supergravity theories).

However, very little is known about these intriguing theories : in
particular, no action principle was written down, even in the free
case.

The problem comes from the presence of chiral fields.
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properties.

Now, we know that electric-magnetic duality is a profound
symmetry with deep consequences.

Studying this theory sheds light on electric-magnetic duality in a
new context.

o Ithas been argued from different approaches that spacetime and
spacetime geometry are “emergent” and thus approximate
concepts emerging in some limit.

Alternative, “non-geometric” formulations of gravity where
electric-magnetic duality plays a central role, are thus worth
exploring.
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It exotic theories of supergravity.

The central goal will be to give an idea of the action principles for
the (free) theories that have recently been derived.

As we shall see, they involve interesting constructions.
The first part of the talk will be devoted to the exotic graviton.
The second part will be devoted to the exotic gravitino.

The last part will discuss supersymmetry algebras in six
spacetime dimensions and the construction of the exotic theory
of supergravity.
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The most exotic field appearing in Hull’s theory is the “exotic
graviton”.

The Exotic

Graviton, The exotic graviton is not described by a metric.

It is described by a (2,2)-tensor field, i.e., a tensor field with
Young symmetry

subject to self-duality conditions.
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(linearized diffeomorphisms + linearized Weyl rescalings).
The question is to build a complete set of gauge invariant objects.

Three dimensions is very special from the point of view of
conformal geometry.

15/26



Conformal geometry

Gravitational
electric-magnetic
duality and the
(4,0) exotic theory
in 6 dimensions

Marc Henneaux

Prepotentials




Conformal geometry

Gravitational
electric-magnetic
duality and the
(4,0) exotic theory

in6 dimensions Indeed, in D = 4, the invariants are given by the functions of the
Man e Weyl tensor and its derivatives,

Prepotentials

16/26



Conformal geometry

Gravitational
electric-magnetic
duality and the
(4,0) exotic theory

in6 dimensions Indeed, in D = 4, the invariants are given by the functions of the
Man e Weyl tensor and its derivatives,

“Riemann = Weyl + Ricci without trace + scalar curvature"

Prepotentials

16/26



Conformal geometry

Gravitational
electric-magnetic
duality and the
(4,0) exotic theory

in6 dimensions Indeed, in D = 4, the invariants are given by the functions of the
Man e Weyl tensor and its derivatives,

“Riemann = Weyl + Ricci without trace + scalar curvature"

A geometry is conformally flat if and only if

Prepotentials

16/26



Conformal geometry

Gravitational
electric-magnetic
duality and the
(4,0) exotic theory

in6 dimensions Indeed, in D = 4, the invariants are given by the functions of the
Man e Weyl tensor and its derivatives,

“Riemann = Weyl + Ricci without trace + scalar curvature"

A geometry is conformally flat if and only if

Prepotentials Weyl = 0.

16/26



Conformal geometry

Gravitational
electric-magnetic
duality and the
(4,0) exotic theory

in6 dimensions Indeed, in D = 4, the invariants are given by the functions of the
Man e Weyl tensor and its derivatives,

“Riemann = Weyl + Ricci without trace + scalar curvature"

A geometry is conformally flat if and only if

Prepotentials Weyl = 0.

However, in D = 3 dimensions, the Weyl tensor identically
vanishes,

16/26



Conformal geometry

Gravitational
electric-magnetic
duality and the

(ot dmenstons. Indeed, in D = 4, the invariants are given by the functions of the

in 6 dimensions

Marc Henneaux Weyl tensor and its derivatives,

“Riemann = Weyl + Ricci without trace + scalar curvature"

A geometry is conformally flat if and only if

Prepotentials Weyl = 0.

However, in D = 3 dimensions, the Weyl tensor identically
vanishes,

but not every three-dimensional geometry is conformally flat.

16/26



Conformal geometry

Gravitational
electric-magnetic
duality and the
(4,0) exotic theory

in6 dimensions Indeed, in D = 4, the invariants are given by the functions of the
Man e Weyl tensor and its derivatives,

“Riemann = Weyl + Ricci without trace + scalar curvature"

A geometry is conformally flat if and only if

Prepotentials Weyl = 0.

However, in D = 3 dimensions, the Weyl tensor identically
vanishes,

but not every three-dimensional geometry is conformally flat.

(not every Z;; is “pure gauge").

16/26



Conformal geometry

Gravitational
electric-magnetic
duality and the
(4,0) exotic theory

in6 dimensions Indeed, in D = 4, the invariants are given by the functions of the
Man e Weyl tensor and its derivatives,

“Riemann = Weyl + Ricci without trace + scalar curvature"
A geometry is conformally flat if and only if
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However, in D = 3 dimensions, the Weyl tensor identically
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but not every three-dimensional geometry is conformally flat.
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What plays the role of the Weyl tensor is the Cotton tensor, which
contains 3 derivatives of the spin-2 field.
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Chiral Action

which is of first order in the time derivatives (and of fourth order
in all derivatives).

It is a Hamiltonian-like action.

This is the searched-for action for a chiral (2, 2)-tensor in six
dimensions.

One can show that it reduces to the Pauli-Fierz action for a
conventional symmetric field A, in 5 dimensions (in
prepotential formulation).
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with gauge symmetries

Oxij=0unj +Tupj,
(Standard gauge transformations + generalized Weyl
transformations)
The Cotton tensor DY involves two derivatives of the prepotential
and is invariant under both standard gauge transformations and
Weyl transformations.
It is divergenceless, 0;D¥ =0, and also gamma-traceless, FiD,j =0.
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Action

The equations of motion obtained by varying the prepotential are
just the self-duality condition on H.
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27 chiral two-forms, 42 scalars - 128 physical degrees of freedom).
The fermionic field content is given by

4,1;8)®(2,1;48)

The (4, 0)-theory

(8 fermionic chiral 2-forms (exotic gravitini) and 48 spin-1/2
fields - 128 physical degrees of freedom again).

The R-symmetry is usp(8) and usp(8) representations are given by
antisymmetric tensors with tracelessness conditions.
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supermultiplet,

SZSB}+SHF+SHB+S%+SO.

(The action for chiral two-forms has been given in MH + C.
Teitelboim 1988)

The action is supersymmetric.

The supersymmetry parameters are 8 symplectic Majorana-Weyl

The (4, 0)-theory

spinors.
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coset space Eg g/ USp(8).

The (4, 0)-theory

(Recall that Es g is the “hidden symmetry” in 5 dimensions, in 6
dimensions it is SO(5, 5) in the standard metric formulation).

Strong coupling limit of maximal supergravity in 5 dimensions ?
(Hull)
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involves a | tensor with self-dual field strength. The

(o i R-symmetry is usp(6) ® usp(2) and the global symmetry
conjectured to be Fy).

BUT

The question of interactions remain open!
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