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Chern-Simons theories exist also in higher dimensions, but only
in the odd-dimensional case.

2/28



Introduction

Palatini
Gauss-Bonnet

Theory
Marc Henneaux
(Université Libre

de Bruxelles and

Introduction

3/28



Introduction

Palatini
Gauss-Bonnet
Theory

Marc Henneaux P . . . .
(Université Libre Palatini Gauss-Bonnet theories, which exist only in even

de Bruxelles and

College de spacetime dimensions 2n, are theories that share many of the
B features of the Chern-Simons models in dimensions 27+ 1.

Introduction

3/28



Introduction

Palatini
Gauss-Bonnet
Theory

Marc Henneaux P . . . .
(Université Libre Palatini Gauss-Bonnet theories, which exist only in even
de Bruxelles and

College de spacetime dimensions 2n, are theories that share many of the
B features of the Chern-Simons models in dimensions 27+ 1.

Introduction

These theories are topological in the sense that they do not
involve a spacetime metric.

3/28



Introduction

Palatini
Gauss-Bonnet
Theory

Marc Henneaux

(Université Libre Palatini Gauss-Bonnet theories, which exist only in even
o ot e spacetime dimensions 2n, are theories that share many of the
features of the Chern-Simons models in dimensions 2n+ 1.

College de
France)

Introduction

These theories are topological in the sense that they do not
involve a spacetime metric.

The coupling constant is dimensionless.

3/28



Introduction

Palatini
Gauss-Bonnet
Theory

Marc Henneaux

(Université Libre Palatini Gauss-Bonnet theories, which exist only in even
o ot e spacetime dimensions 2n, are theories that share many of the
features of the Chern-Simons models in dimensions 2n+ 1.

Introduction

These theories are topological in the sense that they do not
involve a spacetime metric.

The coupling constant is dimensionless.

In 2 spacetime dimensions, the Lagrangian is non-trivial (not
equal to a total divergence) but there is no local degree of
freedom due to the big number of gauge symmetries.

3/28



Introduction

Palatini
Gauss-Bonnet
Theory

Marc Henneaux

(Université Libre Palatini Gauss-Bonnet theories, which exist only in even
o ot e spacetime dimensions 2n, are theories that share many of the
features of the Chern-Simons models in dimensions 2n+ 1.

Introduction

These theories are topological in the sense that they do not
involve a spacetime metric.

The coupling constant is dimensionless.

In 2 spacetime dimensions, the Lagrangian is non-trivial (not
equal to a total divergence) but there is no local degree of
freedom due to the big number of gauge symmetries.

The theory does possess local degrees of freedom when n > 1, but
identifying them turns out to be an intricate question, as for pure
Chern-Simons theory in 21+ 1 dimensions with n = 2.
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Introduction

and to focus then on the 4-dimensional and 2-dimensional cases.

The 4-dimensional case illustrates the intricacies occurring in
higher dimensions.

The 2-dimensional case has no local degrees of freedom but an
interesting and rich boundary dynamics.

Based on M. Bafiados and M.H, arXiv :2511.20903 [hep-th] (to
appear in JHEP) and in preparation
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IlgT]= k/ V1gle® a2 g 6 b Rﬁo}1 /\Rﬁcf2 /\---/\Rﬁ;n

where k is a dimensionless coupling constant, R = R o, (D) the
curvature 2-form and g is the determinant of the metric.

Here, €“%"%np 5.5, =81 g%V2 - g4V ey 1y y 1 o

where €y, y,...y, 61 62, 18 the GL(2n) numerically invariant tensor
density of weight minus one. The combination

Vlgle™ "‘2“'“"[3152...[5”, which is the only place where the metric
enters, is a GL(2n) tensor acting as a multilinear form.

5/28



Action

Palatini .
Gauss-Bonnet The action reads
Theory

Marc Henneaux

el g T} / VIgIe = g 5, By ARG, A ARG,

where k is a dimensionless coupling constant, R R o, (D) the
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T curvature 2-form and g is the determinant of the metrlc.

Pr1f2Pn = =gunghre.. ga"yne)’ﬁz"'YnﬁlﬁZ"'ﬁn’
where €y, y,...y, 61 62, 18 the GL(2n) numerically invariant tensor
density of weight minus one. The combination

Vlgle™ “2“"""[3152...[5”, which is the only place where the metric
enters, is a GL(2n) tensor acting as a multilinear form.

Here, ¢e%1%2an

If the metric was fixed to be the Minkowski metric, restricting the
group to the homogeneous Lorentz group, the action would be
the Gauss-Bonnet topological invariant. However, because the
metric is varied in the action principle, the dynamics is
non-trivial.
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e Internal GL(2n) symmetry: 6T, = VA‘%, 08ap=Nap+Apa

B
o (Improved) diff invariance : éTaﬁH = R""B’WE", 08ap=¢HVugap
I — o Weyl symmetry:6T% =0,  6gy5=208p

symmetries

e Projective symmetry : 61“% = w6g, 68ap=0.
where A“ﬁ, &, o and w (a 1-form) are arbitrary spacetime
functions.

The above gauge symmetries are neither independent, nor
complete.

Exhibiting the missing gauge symmetries is a hard task in
spacetime dimensions = 4.
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The ¢ ‘E’s generate GL(2) gauge transformations.

¥ generates the projective symmetry expressed in phase space.
w generates

{F“ﬁl,/dy(w}ﬂCB“, {B”‘ﬁ,/dy(w}zm

which is a new (= unlisted before) gauge symmetry.
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be independent because the number of independent conjugate
pairs is 4.

This reflect the redundancy of the gauge transformations.

5 dimensions. In fact there are exactly 4 independent first class constraints (and
General not less)

considerations
(Note in particular that the diffeomorphisms are not
independent symmetries.)

The theory has therefore zero local degree of freedom.

However, in the presence of boundaries, there are non trivial
boundary degrees of freedom, as explained later in the talk.
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This will be illustrated for 4 dimensions, where the action is

Ilg,T] = / vge™, R, (1) A RS, (T)

4 dimensions

To understand the dynamical structure, the safest way to proceed
is to go to the Hamiltonian formulation.
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above.
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These symmetries are hard to write analytically, in covariant
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Given that the theory has no local degree of freedom, it does not
come as a surprise that it can be reformulated as a boundary
theory in one dimension less.

This is achieved here by solving the Gauss constraint inside the
action and eliminating the corresponding Lagrange multiplier

(“inverse Lagrange multiplier method"). 22128
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for a free particle following geodesics in AdSs.
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The AdS3 algebra is isomorphic to sl(2,R) & sl(2,R).

In our derivation, one copy comes from the left boundary, the
other comes from the right boundary.
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