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Abstract

We probe in some depth into the structure of eleven-dimensional, osp(32|1)-based Chern–Simons super-
gravity, as put forward by Troncoso and Zanelli (TZ) in 1997. We find that the TZ Lagrangian may be cast
as a polynomial in 1/l, where l is a length, and compute explicitly the first three dominant terms. The term
proportional to 1/l9 turns out to be essentially the Lagrangian of the standard 1978 supergravity theory
of Cremmer, Julia and Scherk, thus establishing a previously unknown relation between the two theories.
The computation is nontrivial because, when written in a sufficiently explicit way, the TZ Lagrangian has
roughly one thousand non-explicitly Lorentz-covariant terms. Specially designed algebraic techniques are
used to accomplish the results.
© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Eleven-dimensional, osp(32|1)-based Chern–Simons (CS) supergravity was put forward by
R. Troncoso and J. Zanelli (TZ) in 1997 [1,2]. The appearance of this eleven-dimensional theory
followed previous efforts in lower dimensions by S. Deser, R. Jackiw and S. Templeton [3,4],
A. Achúcarro and P.K. Townsend [5], and A.H. Chamseddine [6].
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The “supergravity” name has proven a bit controversial. On one hand, the TZ theory includes
gravity and fermionic matter and sports an exact, off-shell osp(32|1) symmetry which mixes
bosons and fermions. On the other, it differs quite radically1 from the “standard” 1978 theory of
Cremmer, Julia and Scherk (CJS) [12], which is widely regarded as unique [13].

The purpose of this paper is to shed new light on the relation between the TZ and the CJS
theories.

In this regard, we would like to highlight here the work of M. Bañados [14], who showed
that the linearized perturbations of the TZ theory are the same as the ones of CJS supergravity
(see also Ref. [15]). That result, however, is based on the identification of the CJS three-form
A3 with eaTa (where ea and T a are the elfbein and torsion, respectively), which might lead to
inconsistencies [16]. Our own approach suggests that A3 should to be related to the CS fields
through a much more complicated ansatz [see Eq. (19)].

Rather than focusing on the dynamics of the TZ theory, in this paper we deal with its La-
grangian structure. This proves to be a more tractable approach, since CS theories possess highly
nonlinear dynamics and a complicated phase space structure [17].

We first show that the TZ Lagrangian may be cast as a polynomial of degree 11 in 1/l,
where l is a length. When the CS five-index one-form babcde vanishes, the leading term is just
a cosmological constant, while the sub-leading term includes both torsion and a mass term for
the fermions. Our main results follows: the next term (proportional to 1/l9) is essentially the CJS
Lagrangian (see Section 3). This discovery shows the existence of a previously unknown relation
between the TZ and the CJS theories.

That this result may be new owes much to the great complexity of the TZ Lagrangian (see
Section 2). While a compact closed formula exists [see Eq. (1)], a sufficiently explicit version
would amount to roughly a thousand terms and has never been attempted.

To achieve our result we have first split the TZ Lagrangian into several meaningful terms by
means of the CS subspace separation method introduced in Ref. [18]. A careful dimensional anal-
ysis has then allowed us to extract only those terms proportional to the required powers of l. For
the sake of simplicity, we have restricted ourselves to the case when babcde = 0, which is roughly
equivalent to setting A3 = 0. The details of the calculation are summarized in Appendix A.

Further comments and an outlook for future work are given in Section 4.

2. A brief look at the TZ theory

The TZ theory is a pure gauge theory in eleven-dimensional spacetime whose Lagrangian LTZ

is the CS eleven-form for the osp(32|1) superalgebra. A compact closed formula for LTZ reads2

LTZ = 6

1∫
0

dt
〈
A

(
t dA + t2A2)5〉

, (1)

1 For instance, the TZ theory lacks equality between bosonic and fermionic degrees of freedom (at least in the off-
shell counting). This matching, which has been taken as a watermark of supersymmetry in the literature, lies also at the
foundations of the MSSM. The recent negative results of the search for supersymmetric particles at the LHC [7–11],
although clearly still at an early stage, should not then be taken as an irrefutable sign that supersymmetry as a principle
is wrong.
2 Wedge product between differential forms is assumed throughout, e.g., A2 = A ∧ A.


