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Abstract

The section condition in double field theory has been shown to imply that a physical point should be
one-to-one identified with a gauge orbit in the doubled coordinate space. Here we show the converse is also
true, and continue to explore the idea of spacetime being doubled yet gauged. Introducing an appropriate
gauge connection, we construct a string action, with an arbitrary generalized metric, which is completely
covariant with respect to the coordinate gauge symmetry, generalized diffeomorphisms, world-sheet diffeo-
morphisms, world-sheet Weyl symmetry and O(D,D) T-duality. A topological term previously proposed
in the literature naturally arises and a self-duality condition follows from the equations of motion. Further,
the action may couple to a T-dual background where the Riemannian metric becomes everywhere singular.
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction

In order to realize O(D,D) T-duality as a manifest symmetry [1–8], Double Field Theory
(DFT) [9–14] doubles the spacetime dimension, from D to D + D, with doubled coordinates,
xA = (ỹμ, yν), of which the first and the last correspond to the ‘winding’ and the ‘ordinary’
coordinates respectively. However, DFT is not truly doubled since all the fields – including any
local symmetry parameters – are subject to the section condition: the O(D,D) invariant d’Alem-
bertian operator must be trivial, acting on arbitrary fields,

∂A∂AΦ(x) = 0, (1.1)

as well as their products, or equivalently

∂AΦ1(x)∂AΦ2(x) = 0. (1.2)

While the section condition might appear somewhat odd or even invidious from the conventional
Riemannian point of view, it is readily satisfied when all the fields are, up to O(D,D) rotations,
independent of the dual winding coordinates, i.e. ∂

∂ỹμ
≡ 0. This kind of explicit ‘section-fixing’

reduces DFT to generalized geometry [15–24] where the spacetime is not enlarged and the duality
is less manifest.

Much progress has been made in recent years based on the notion of doubled spacetime
subject to the section condition [25–59], including the state of the art reviews [52,54] and the
construction of N = 2 D = 10 maximally supersymmetric double field theory [46] as the uni-
fication of type IIA and IIB supergravities.2 Analogous parallel developments on U-duality are
also available [60–73] 3 which may all be incorporated into the grand scheme of E11 [74–77].

The (D + D)-dimensional doubled spacetime is far from being an ordinary Riemannian man-
ifold, since it postulates the existence of a globally well-defined O(D,D) invariant constant
metric,

JAB =
(

0 1
1 0

)
, (1.3)

which serves to raise and lower the doubled spacetime indices.4 Further, the diffeomorphism
symmetry is generated not by the ordinary Lie derivative but by a generalized one,

L̂V TA1···An := V B∂BTA1···An + ω∂BV BTA1···An

+
n∑

i=1

(∂Ai
VB − ∂BVAi

)TA1···Ai−1
B

Ai+1···An, (1.4)

where ω is the weight of the DFT-tensor, TA1···An(x), and V A(x) is an infinitesimal diffeomor-
phism parameter, as a DFT vector field which must also obey the section condition,

∂A∂AV B(x) = 0, ∂AV B(x)∂AΦ(x) = 0. (1.5)

The generalized Lie derivative of the O(D,D) metric vanishes for consistency,

2 Cf. http://strings2013.sogang.ac.kr//main/?skin=video_GS_2.htm.
3 Cf. http://strings2013.sogang.ac.kr//main/?skin=video_27_5.htm.
4 For example, ∂A =J−1AB∂B as done in (1.1) and (1.2).
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